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Interpersonal consequences of diminished emotional expressiveness in schizophrenia: 

An investigation of facial expressions within face-to-face interactions 

Background: This dissertation aimed at identifying possible behavioral mechanisms 

that contribute to the social isolation of people with schizophrenia apart from stigmatization 

and social withdrawal. People with schizophrenia have been consistently found to show 

diminished affiliative behavior, particularly concerning positive facial expressions. This 

thesis therefore investigated facial expressiveness and facial mimicry of people with and 

without schizophrenia to test whether diminished affiliative facial expressiveness associated 

with schizophrenia leads to rejection by interaction partners. 

Method: Facial expressions were captured via electromyography (EMG) at two 

muscle sites (Zygomaticus Major for smiling, Corrugator Supercilii for frowning) throughout 

dyadic face-to-face interactions. A novel method for the quantification of emotional facial 

mimicry in face-to-face interactions was developed and validated. EMG estimates of smiling, 

mimicry of smiles, and frowning exhibited by participants were used to predict the social 

evaluation of the interaction partner after a face-to-face interaction. The influence of facial 

affect recognition on emotional facial mimicry was additionally tested 

Results: Emotional facial mimicry could be reliably quantified for the Zygomaticus 

(smiling) but not for the Corrugator (frowning). In people with schizophrenia, smiling 

behavior explained about 71% of the variance in the interaction partner’s social evaluation 

after the interactions. In patients, the relationship with smiling behavior was less pronounced 

and non-significant, while expressive negative symptoms were a good predictor. Facial affect 

recognition, predicted mimicry of smiles only in healthy controls. 

Conclusion: People with schizophrenia suffer from an empathic deficit that leads to 

social rejection by their interaction partners. Diminished smiling behavior in affiliative 

interactions is a viable proxy for this empathic deficit, which likely stretches to other 

nonverbal channels as well.  
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Chapter 1: Thesis introduction & theoretical background 

Humans are ultra-social animals. Social communication thus is one of the most 

important parts of human life. Our species has developed the ability to read social-

communicative signals from fellow human beings almost automatically. For example, 

emotional facial expressions can be processed in the hint of an eye (i.e. subliminally) and 

evoke corresponding facial expressive responses. From an evolutionary perspective, being 

able to read social cues at such a remarkable level helps us navigating through the complex 

social structure human life entails. Our social environment then is one of the most rewarding 

and supportive resources to help us deal with daily hassles and life in general. However, 

when social cue processing and social communication go awry, the social environment can 

very readily become an unrewarding or even hostile place. Oftentimes, the social 

environments of people with a diagnosis of schizophrenia are such unrewarding, hostile 

places, which is a rich source of distress for the affected people. It is for this reason that 

thoroughly investigating the mechanisms that underlie the social adversities associated with 

schizophrenia has to be a primary aim for researchers in the field. Once understood, this 

deliberating aspect of schizophrenia may be effectively targeted in psychotherapeutically 

oriented interventions. This dissertation addresses one aspect of social communication in 

schizophrenia, facial expressiveness, and will attempt to contribute to the understanding of 

aberrant social interactional behavior of people with schizophrenia. 

In the following six sections, the theoretical basis for this dissertation will be 

introduced that will lead to the research questions and general hypotheses for this dissertation 

(chapter 2). In section 1.1 a description of the symptomatology of schizophrenia will be given 

with special emphasis on the negative symptoms of the disorder. Section 1.2 will provide an 

overview on what is the current state of knowledge on social network structures in 

schizophrenia and will identify aberrant social behavior and negative symptoms as an 
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important contributor to social isolation in schizophrenia. In section 1.3, studies that have 

investigated aberrant social behavior in schizophrenia will be addressed and will conclude 

with identifying a poor ability to create rapport in schizophrenia as a potential social 

consequence of aberrant social behavior. Section 1.4 then will focus on the social 

psychological background of the concept of rapport and provide a working definition for the 

assessment of nonverbal correlates of rapport. Emotional facial mimicry will be introduced as 

a key interactional behavior that can foster rapport in social interactions and its social 

psychological backgrounds will be covered in section 1.5. Finally, in section 1.6, it will be 

shown how these basic psychological concepts apply to the interactional behavior 

schizophrenia. It will be shown that difficulties in emotional facial mimicry in schizophrenia 

are likely linked with social cognitive deficits and might have the potential to explain the lack 

of rapport in interactions with people with schizophrenia.  

 

1.1. The positive and negative symptoms of schizophrenia 

The symptomatology of schizophrenia can be roughly divided in two major symptom 

domains, positive and negative symptoms. These terms have been established to describe the 

nature of the associated symptoms: Positive symptoms (e.g. delusions and hallucinations) are 

experiences that represent elevations of normal experiencing. Negative symptoms on the 

other side represent demotions with regard to normal experiencing (e.g. affective flattening, 

amotivation for social activities). According to the DSM-5 (Diagnostic and Statistical Manual 

of Mental Disorders; American Psychiatric Association, 2013), a diagnosis of schizophrenia 

in the A-criterion requires a person to endorse at least two of the following symptoms: 

delusions, hallucinations, disorganized speech, severely disorganized behavior or catatonia, 

or negative symptoms. At least one of these symptoms has to be delusions, hallucinations, or 

disorganized speech and the symptoms have to be prevailing for at least one month. Roughly 
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0.3–0.7% of the population is affected by schizophrenia, with prevalence rates slightly 

ranging depending on environmental factors (McGrath, Saha, Chant, & Welham, 2008; van 

Os & Kapur, 2009). 

The most prominent positive symptoms in schizophrenia are delusions and 

hallucinations. Delusions are (usually unfounded) beliefs and convictions a person holds that 

cause the person distress and that are being upheld even despite potentially contradicting 

evidence. Most common in schizophrenia are paranoid delusions (such as being persecuted or 

plotted against) (Freeman & Garety, 2014). Hallucinations in schizophrenia most frequently 

occur in the form of auditory verbal hallucinations (Mueser, Bellack, & Brady, 1990). 

Oftentimes people would hear voices talking (or whispering or shouting) either directly to 

them or about them (e.g. with other voices). Generally, experiences like these will cause 

emotions in the forms of anger or fear in the affected people. 

In this thesis, special emphasis will be put on the negative symptoms. Negative 

symptoms are thought to be a major cause of distress in schizophrenia and are often described 

as the chronic part of the disorder. A large study has recently looked at the prevalence of 

negative symptoms in schizophrenia and found that about 60% of all patients endorsed at 

least one negative symptom (Bobes, Arango, Garcia-Garcia, & Rejas, 2010).
1
 Furthermore, as 

will be discussed in subsequent sections, the social impairments often accompanying 

schizophrenia are most reliably accounted for by these symptoms. Historically, the negative 

symptoms have been divided in five subdomains, anhedonia, alogia, affective flattening, 

avolition, and attention impairment (Andreasen, 1982). However, recent research efforts have 

supported a two factor structure of negative symptoms, namely motivational and expressive 

negative symptoms (Blanchard & Cohen, 2006; Kirkpatrick, Fenton, Carpenter, & Marder, 

2006; Kring, Gur, Blanchard, Horan, & Reise, 2013; Strauss, Hong, et al., 2012a).  
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Motivational negative symptoms are a lack of motivation to engage in possibly 

pleasurable activities. This may stretch out to the social, vocational, and recreational life of 

the patients (Horan, Kring, Gur, Reise, & Blanchard, 2011; Kirkpatrick et al., 2011). As an 

underlying mechanism, researchers have suggested impairments in the anticipation of the 

amount of pleasure one can derive from engaging in possibly pleasurable activities (Kring & 

Barch, 2014). The basic idea here is that because patients do not anticipate receiving enough 

pleasure from an activity, the cost-benefit-ratio computation yields the costs outweighing the 

benefits. The costs in this regard are the effort that needs to be spent on an activity to receive 

pleasure (e.g. leaving home to meet a friend to gain social exchange and support). Therefore, 

recent research on motivational negative symptoms has focused on effort-based decision 

making as well as reward learning and reward anticipation (Fervaha et al., 2013; Gold et al., 

2013; Strauss et al., 2011). Roughly half of the people with schizophrenia experience 

motivational negative symptoms such as passive social withdrawal with at least moderate 

severity (Bobes et al., 2010).  

Expressive negative symptoms are reductions in the expression (mainly of emotions) 

via nonverbal channels. The most recent conceptualization includes in the expressive 

negative symptoms reductions in facial expressions, gestures, prosody, and quantity of speech 

(Horan et al., 2011; Kirkpatrick et al., 2011). Thus, expressive negative symptoms are 

inherently reductions of social-communicative functions. Expressive negative symptoms such 

as blunted affect and verbal fluency impairments are found in roughly one third of the people 

with schizophrenia with at least moderate severity (Bobes et al., 2010). The nonverbal 

communication and facial expressiveness in schizophrenia will be discussed in more detail in 

subsequent sections (sections 1.3 and 1.6).  

 

                                                                                                                                                        
1
 In this study five different symptoms were assessed: Blunted affect, emotional withdrawal, poor 
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1.2. Social isolation in schizophrenia and the role of negative symptoms 

Impairments in social functioning are a common feature of schizophrenia. Examples 

of the social dysfunction in schizophrenia are high rates of unemployment and low rates of 

affected people who get married or engage in a romantic relationship (Bobes et al., 2010). 

Given the important function of social support in mental well-being (Norman et al., 

2005; Norman, Windell, Manchanda, Harricharan, & Northcott, 2012), several studies have 

looked at how social networks are structured in schizophrenia. In this regard, people with 

schizophrenia have been found to have smaller and less supportive social networks than 

healthy controls (Buchanan, 1995; Cresswell, Kuipers, & Power, 1992; E. Macdonald, 2000). 

Another finding from these studies were that patients particularly had less friendships and 

rather comparably sized family networks (Cresswell et al., 1992; E. Macdonald, 2000). This 

is particularly relevant considering that sources of negative social support for people with 

schizophrenia often lie within the family (e.g. in terms of “high expressed emotions”; 

Kavanagh, 1992). Thus, in addition to the size of the network, its quality needs to be 

considered. In one study that looked at different qualitative aspects of the social networks of 

people with schizophrenia, about a third stated that they had no one to turn to when having 

problems. Furthermore, half of the participants stated that they did not have any comforting 

relationships (Bengtsson-Tops & Hansson, 2001). Another study correspondingly found that 

half of the participants with schizophrenia stated not having any friendships at all (Harley, 

Boardman, & Craig, 2012). Because these unmet social needs are a major cause for low 

quality of life in schizophrenia (Bengtsson-Tops & Hansson, 1999) and contribute to worse 

long-term outcome (Norman et al., 2005, 2012), understanding the underlying mechanisms of 

social isolation in schizophrenia is highly relevant.  

                                                                                                                                                        
rapport, social withdrawal, and verbal fluency. To qualify as present, a symptom had to be evaluated as at least 

“moderate”. 
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Social isolation here is seen as an integrated concept comprising not having enough 

social relationships with not having relationships that provide helpful support. Internal and 

external factors contribute to social isolation in schizophrenia. Internally, social withdrawal 

tendencies will prevent the social environment from becoming involved with an individual. 

Social withdrawal may occur as a result of amotivation and/or anxiety. Externally, social 

rejection will prevent the individual from becoming involved with the social environment. 

Social rejection is a result of stigmatization and aberrant social behavior (cf. also Lavelle, 

Healey, & McCabe, 2013).  

Schizophrenia is a diagnosis that is accompanied by severe stigmatization (Dickerson, 

Sommerville, Origoni, Ringel, & Parente, 2002). This makes it difficult to detect factors 

accounting for the social isolation which are not confounded by stigma in chronic patient 

samples. People in a first episode of psychosis and people before the onset of psychosis have 

also been shown to have smaller social networks which are also perceived to be less 

supportive (Gayer-Anderson & Morgan, 2013). In addition to this, in non-clinical 

populations, people that score high on social anhedonia (i.e. amotivation to engage in social 

activities and relationships) also report smaller and less satisfying social networks 

(Blanchard, Collins, Aghevli, Leung, & Cohen, 2011; Horan, Brown, & Blanchard, 2007). 

Several studies have pointed out that social decline (both academic and interpersonal) is 

likely a matter of the pre-morbid phase (Häfner, Nowotny, Löffler, an der Heiden, & Maurer, 

1995; Horan, Subotnik, Snyder, & Nuechterlein, 2006; Jones et al., 1993; Strauss, Allen, et 

al., 2012). These findings in populations not labeled with a diagnosis are not attributable to 

stigma and therefore suggest that aberrant social behavior and social withdrawal may 

substantially contribute to the social “network crisis” (Lipton, Cohen, Fischer, & Katz, 1981) 

that often accompanies schizophrenia.  
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1.3. Social behavior in schizophrenia 

As outlined in the previous section, stigma is unlikely the single driving aspect of 

social decline in schizophrenia and aberrant social behavior (as the second facet of social 

rejection) as well as social withdrawal are likely contributors. In section 1.1 it was presented 

that social withdrawal and aberrant social behavior are the defining features of negative 

symptoms. In line with these considerations, particularly negative symptoms appear to be 

detrimental to social network size and quality (Blanchard et al., 2011; Cresswell et al., 1992; 

Hamilton, Ponzoha, Cutler, & Weigel, 1989; Horan et al., 2007; Strauss, Allen, et al., 2012; 

Thorup et al., 2006). The social dysfunction in schizophrenia in general is also best predicted 

by the negative symptoms of the disorder (e.g. Blanchard, Horan, & Collins, 2005; Galderisi 

et al., 2014). Moreover, lower social skills have been found to relate to smaller social 

networks in schizophrenia and to mediate the negative impact of negative symptoms on the 

social support network (E. M. Macdonald, Jackson, Hayes, Baglioni, & Madden, 1998). This 

underlines the relevance of aberrant social behavior (which social skills are a proxy for) as a 

factor conducive to social isolation in schizophrenia (cf. also Penn, Kohlmaier, & Corrigan, 

2000). A wealth of studies has shown that people with schizophrenia are rated less socially 

skilled than healthy people (e.g. Bellack, Morrison, Wixted, & Mueser, 1990) and engage in 

less pro-social behaviors (Brüne et al., 2008; Brüne, Abdel-Hamid, Sonntag, Lehmkämper, & 

Langdon, 2009; Troisi, Pasini, Bersani, Mauro, & Ciani, 1991; Troisi, Spalletta, & Pasini, 

1998). Particularly, people with schizophrenia show less affiliative behavior in response to 

their interaction partners (Blanchard, Park, Catalano, & Bennett, 2015; Lavelle, Healey, & 

McCabe, 2014).  

Given the lack of affiliative behavior observed in schizophrenia, it is not surprising 

that interactions with people schizophrenia have long been described as lacking interpersonal 

rapport (i.e. a feeling of connectedness with the other). For example, Rümke postulated what 
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he called the praecox feeling, which would enable him to diagnose people with schizophrenia 

based on the lack of rapport that would be noticeable when interacting with them (Rümke, 

1942). The praecox feeling in one explorative study was even put to the empirical test and 

predicted a diagnosis of schizophrenia fairly well (Grube, 2006). In 1987, the Positive and 

Negative Syndrome Scale (PANSS; Kay, Fiszbein, & Opler, 1987) was developed for the 

assessment of psychotic symptom severity and included in the negative scale an item labeled 

“Poor Rapport”. The item described a lack of empathy, interest, and openness with the 

interviewer and directly linked this with reduced verbal and nonverbal behavior. Poor rapport 

assessed with the PANSS has been shown to relate to poorer social functioning and poorer 

therapeutic alliance, suggesting that a poor ability to create rapport has negative social 

consequences (Bobes et al., 2010; Riehle et al., 2015). It is important to note that these 

negative consequences most likely stem from the negative evaluation of an interaction with a 

person with schizophrenia by an interaction partner. Yet, only few studies have looked at 

social evaluations of people with schizophrenia by everyday interaction partners (Lavelle et 

al., 2013; Penn et al., 2000; Raffard et al., 2015). Those, who did, have consistently shown 

that aberrant social behavior in schizophrenia is related to poorer rapport. In the following 

section (section 1.4.), rapport will be conceptualized theoretically, since poor rapport might 

be an interpersonal consequence of aberrant social behavior and crucial for social rejection in 

schizophrenia. 

 

1.4. A conceptualization of rapport 

In a seminal paper, Tickle-Degnen and Rosenthal (1990) suggested a theoretical 

framework for the investigation of nonverbal behavior associated with rapport. This 

framework has informed several studies in the research fields of social psychology (e.g. 

Miles, Nind, & Macrae, 2009; Tschacher, Rees, & Ramseyer, 2014), clinical psychology (e.g. 
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Ramseyer & Tschacher, 2011), and schizophrenia research (e.g. Kupper, Ramseyer, 

Hoffmann, & Tschacher, 2015; Lavelle, 2011; Varlet et al., 2012). It will also be adopted in 

this thesis. 

Essentially, rapport, as defined by Tickle-Degnen and Rosenthal (1990), is a positive 

feeling of connectedness that emerges between two interaction partners. High levels of 

rapport with another person are thought to motivate approach behavior in an individual 

towards the interaction partner, as for example to be willing to engage in more interactions 

with the interaction partner. Tickle-Degnen and Rosenthal posit three assessable interactional 

components of rapport: mutual attentiveness, positivity, and interpersonal coordination. 

Mutual attentiveness refers to the attentiveness for the interactional signals of the other 

person and is a prerequisite for interpersonal exchange. As behavioral correlates for this 

aspect of rapport, Tickle-Degnen and Rosenthal suggested body posture and orientation (e.g. 

oriented towards the interaction partner) or eye gaze (e.g. directed towards the interaction 

partner). Positivity in an interaction is expressed through behavioral signals such as smiling 

or head nodding. It thus refers to the presence of positive versus negative behavioral 

expressions in an interaction and shapes an interaction’s valence. Interpersonal coordination 

refers to the degree the interaction partners show more or less similar behavior that is 

temporarily coupled. Interpersonal coordination is thought to signal that interaction partners 

are “in sync” (p. 286).  

Tickle-Degnen and Rosenthal (1990) also presented meta-analytic data to show which 

of the three aspects (attentiveness, positivity, coordination) best relate to feelings of rapport. 

They separated interpersonal contexts into helping (e.g. interactions with physicians or 

psychotherapists) and non-helping (e.g. interactions with a new acquaintance or with a study 

interviewer) contexts. They found that in non-helping contexts measures of mutual 

attentiveness and positivity impacted on rapport, whereas these types of measures only had 
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low impact on rapport in helping contexts. In both non-helping and helping contexts, 

interpersonal coordination showed a medium (non-helping contexts) to large (helping 

contexts) effect on rapport.
2
 Thus, when studying clinical populations, interpersonal 

coordination is of particular interest, because it might relate to both helping and non-helping 

contexts. 

Slightly different facets of interpersonal coordination are interpersonal synchrony 

(e.g. nonverbal synchrony; Ramseyer & Tschacher, 2011; Tschacher et al., 2014) and 

behavioral mimicry (Chartrand & Lakin, 2013). Whereas behavioral mimicry presumes that 

both interaction partners engage similar or even identical movements (e.g. moving the 

corners of the lips upwards for a smile in response to an interaction partner’s smile), 

interactional synchrony is more concerned with the timing of movements which may or may 

not be similar (e.g. head nodding in response to gestures). Nevertheless, studies have usually 

assessed interpersonal synchrony of similar behaviors, such as head movements or gesturing 

(e.g. Kupper et al., 2015; Lavelle, 2011). Concurrently, the concept of behavioral mimicry 

includes the implicit assumption that the mirrored behaviors are more or less closely timed 

(Chartrand & Lakin, 2013). However, the level of observation employed in studies on 

behavioral mimicry has rarely accounted for the timing component so far. For example, a 

study representative for the field has shown that the overall amount of foot shaking exhibited 

by participants is elevated when a confederate interaction partner engages in this behavior 

more, but has not looked at whether or not the participants actually shook their feet whenever 

the confederate did so (Chartrand & Bargh, 1999). Given the overlap of these two constructs 

and their operationalizations, it is not surprising that behavioral mimicry and interactional 

synchrony have been shown to have similar prosocial functions and to both promote 

interactional rapport (Chartrand & Lakin, 2013). This suggests that both the matching of 

                                                 
2
 All of these relationships were positive correlations suggesting that more of a kind of behavior leads 
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behaviors as well as doing so closely timed promotes rapport. For this thesis, behavioral 

mimicry thus will be investigated with an additional emphasis on the timing component. This 

approach has rarely been adopted so far and a working methodology is lacking in the field. 

The first step in this dissertation (study 1, section 3.) therefore was the development and the 

validation of a method that assessed the timing of matching interactional behaviors. The 

selection of a circumscribed interactional behavior to investigate in this regard was based on 

considerations informed by both social psychology and schizophrenia research. These 

considerations will be outlined in the following two sections. 

 

1.5. Behavioral and emotional mimicry 

As outlined in the previous section, behavioral mimicry is a matching of motor 

movements and behaviors between interaction partners, which is established by one person 

mirroring the behaviors of another person. Various studies in the field have looked at a 

variety of different movements and behaviors and have overwhelmingly shown that “people 

virtually mimic everything they observe in others” (Chartrand & Lakin, 2013, p. 286). The 

neuronal basis for these observations is thought to lie within specialized brain circuitries that 

become active when observing the movements of another person, the mirror neuron system. 

That is, observing a movement performed by another person will activate similar brain 

regions as when actually performing the movements (Iacoboni et al., 1999). Further evidence 

for this “matched motor hypothesis” (Hess & Fischer, 2013) and a “perception-behavior link” 

(Chartrand & Bargh, 1999) comes from studies that have shown that behavioral mimicry 

occurs even when it is intentionally suppressed (e.g. Dimberg, Thunberg, & Grunedal, 2002). 

However, despite humans readily and unintentionally engaging in behavioral mimicry, the 

automaticity of this process is questioned by studies showing that behavioral mimicry may be 

                                                                                                                                                        
to more rapport. 
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context sensitive (Chartrand & Lakin, 2013; Hess & Fischer, 2013). For example, a priori 

liking of an interaction partner (Stel et al., 2010) and a higher goal to affiliate (Lakin & 

Chartrand, 2003) were shown to increase behavioral mimicry. In general, affiliative rather 

than competitive contexts have been shown to elicit elevated behavioral mimicry (Chartrand 

& Lakin, 2013; Hess & Fischer, 2013). 

A considerable amount of the literature on behavioral mimicry stems from 

experimental paradigms that have looked at seemingly meaningless movements such as 

finger tapping (Iacoboni et al., 1999), foot shaking (Chartrand & Bargh, 1999), or face 

touching (Lakin & Chartrand, 2003). Some studies, however, have looked at emotional 

mimicry, the behavioral mimicry of emotional expressions of an interaction partner (e.g. 

Dimberg, Thunberg, & Elmehed, 2000; Dimberg et al., 2002; Stel et al., 2010). Emotional 

mimicry has to be considered a special case of behavioral mimicry. As noted by Hess and 

Fischer (2013) emotional expressions are “intrinsically meaningful” (p. 143) and thus are 

more context sensitive than are other behaviors often investigated in research on behavioral 

mimicry. For example, the positivity component of rapport (cf. section 1.4) can be conveyed 

by positive facial expressions (i.e. smiles). Correspondingly, most studies that have 

investigated emotional mimicry have looked at emotional facial mimicry, the mimicry of 

emotional facial expressions. These studies have reliably shown that participants respond 

with a smile upon smiling facial stimuli and with a frown upon frowning (i.e. sad or angry) 

facial stimuli (e.g. Dimberg et al., 2000). However, rather than merely mimicking the facial 

movements, participants appear to mimic the contextualized emotions that are being 

displayed (Hatfield, Cacioppo, & Rapson, 1994; Hess & Fischer, 2013). This requires the 

interpretation of the meaning of an emotional display in the given context (e.g. whether a 

smile is a sign of affiliation or of Schadenfreude). Studies that have shown that emotional 

facial mimicry is more pronounced for affiliative signals (such as smiles as opposed to 
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frowns; e.g. Hess & Bourgeois, 2010) and for affiliative as opposed to competitive contexts 

(e.g. Lanzetta & Englis, 1989) support this notion. Furthermore, a recent study on the 

mimicry of smiling in face-to-face interactions has shown that the accurate timing of smiling 

mimicry appears to rely on an anticipation of the smiles of the interaction partner rather than 

a mere reflexive perception-behavior link (Heerey & Crossley, 2013).  

Thus, whether or not emotional facial mimicry is exhibited in a face-to-face 

interaction appears to rely on whether an affiliative context is present and whether the 

emotion to-be-mimicked signals affiliation. Recognizing an emotional facial expression as an 

affiliative signal requires affect recognition and mental state attribution (i.e. theory of mind). 

People having difficulties with these social cognitive functions should therefore engage in 

less affiliative emotional facial mimicry, even when engaging in an affiliative interaction 

(such as making a new acquaintance). As will be presented in the following section, 

emotional facial mimicry and the social cognitive functions associated with it can be 

expected to be impaired in people with schizophrenia but research has been sparse in this 

area. Essentially, according to the conceptualization of rapport, these impairments could 

explain difficulties of people with schizophrenia with forming rapport with others. 

 

1.6. Social cognition, facial expressiveness, and behavioral mimicry in schizophrenia 

As outlined in the previous section, social cognitive deficits may relate to difficulties 

in creating rapport with another person. Social cognition in general refers to how nonverbal 

and verbal signals are being processed to inform the individual about the psychological state 

of other people in order to select appropriate behavioral responses. In social interactions, 

social cognition happens ‘online’, meaning that the mental state attribution one has about the 

counterpart is continuously updated, and by this ensures that the interaction runs smoothly 

(cf. section 1.5). Some social cognitive domains are markedly impaired in schizophrenia 
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(Green, Horan, & Lee, 2015). Recent meta-analyses have shown that people with 

schizophrenia particularly perform poorly in tests of affect recognition and inferring the 

mental state of others or theory of mind (Kohler, Walker, Martin, Healey, & Moberg, 2010; 

Savla, Vella, Armstrong, Penn, & Twamley, 2013). Furthermore, empathetically sharing 

other’s emotions appears also impaired in schizophrenia (i.e. affective empathy; Bonfils, 

Lysaker, Minor, & Salyers, 2016). In general, people with schizophrenia appear to have 

difficulties when performing tasks that require reflective social processing, particularly of 

facial cues, and recently empathy has been suggested as a research target in this regard 

(Green et al., 2015). Social cognition deficits in schizophrenia are closely linked with the 

negative symptoms (Lincoln, Mehl, Kesting, & Rief, 2011) and might serve as mediators 

between neurocognition and functional outcome (Bell, Tsang, Greig, & Bryson, 2009; 

McGlade et al., 2008) likely via social skills difficulties (Couture, Granholm, & Fish, 2011). 

Moreover, in line with the concept presented in section 1.5 which suggested a direct link 

between the processing of emotional facial expressions and actual emotion expression, 

expressive negative symptoms have been directly associated with diminished facial affect 

recognition (Gur et al., 2006). 

Given the social cognitive deficit for the processing of emotional facial expressions, 

are people with schizophrenia also less facially expressive than healthy people? Indeed, 

people with schizophrenia have been reliably shown to exhibit fewer emotional expressions 

than healthy controls (Kring & Elis, 2013; Kring & Moran, 2008), presumably making it 

„one of the most well-replicated findings in the literature on emotional responding in 

schizophrenia” (Kring & Elis, 2013, p. 416). Most studies in the field have focused on 

emotional facial expressions in response to emotion eliciting stimuli and some have looked at 

facial expressions in face-to-face interactions (Kring & Moran, 2008). Consistently, people 

with schizophrenia have been found to make less use of facial expressions than healthy 
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controls, particularly positive facial expressions such as smiling (Blanchard, Sayers, Collins, 

& Bellack, 2004; Kring & Moran, 2008; Mattes, Schneider, Heimann, & Birbaumer, 1995). 

The reduction in emotional facial expressiveness is observable notwithstanding possible 

influences of antipsychotic medication side-effects (Kring & Earnst, 1999; Trémeau et al., 

2005) and to some degree even in non-clinical samples (Leung, Couture, Blanchard, Lin, & 

Llerena, 2010; Llerena, Park, Couture, & Blanchard, 2012) and samples before the onset of 

psychosis (Piskulic et al., 2012; Walker, Grimes, Davis, & Smith, 1993). Reduced emotional 

facial expressiveness in schizophrenia thus appears to be a rather stable, trait like condition 

(Kring & Earnst, 1999). Furthermore, people with schizophrenia have been found to respond 

to positive stimuli with positive expressions and to negative stimuli with negative 

expressions. These appropriate responses, however, seem to be more subtle than in healthy 

controls (Kring & Moran, 2008), and, particularly for positive expressions, less accurately 

timed (Varcin, Bailey, & Henry, 2010). The latter finding emerged in one of only two studies 

on emotional facial mimicry in schizophrenia. People with schizophrenia in this study 

showed less activation of their smiling muscle in response to smiling facial stimuli, but only 

in the first 500 ms after stimulus presentation. The study extended the findings reported by 

Kring, Kerr, and Earnst (1999) who did not find a difference between people with 

schizophrenia and healthy controls in emotional facial mimciry. In line with most research on 

behavioral mimicry (cf. section 1.5), Kring and colleagues had not accounted for the timing 

component, as was done by Varcin and colleagues, possibly explaining the difference in 

results (this will be detailed more in chapter 5).  

If people with schizophrenia have difficulties in the timing of matching interactional 

behavior, measures of interpersonal synchrony may also be negatively affected (cf. section 

1.5). Indeed, the emerging literature on the topic suggests that interpersonal synchrony in 

interactions involving people with schizophrenia is disrupted. Swinging a hand-held 
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pendulum in synchrony with another person has been shown to be impaired in schizophrenia 

(Raffard et al., 2015; Varlet et al., 2012) and in unaffected first-degree relatives of people 

with schizophrenia (Del-Monte et al., 2013). People with schizophrenia also synchronized 

their overall body movements with their interaction partners less than controls, which was 

particularly associated with the negative symptoms (Kupper et al., 2015). In addition to these 

findings from dyadic interactions, three-way interactions involving a person with 

schizophrenia were found to entail less interpersonal synchrony as assessed via head 

movements (Lavelle, 2011). Lavelle (2011), however, did not find an effect of the presence of 

a person with schizophrenia on the interpersonal synchrony in dyadic interactions. Two of 

these studies also assessed an association of interpersonal synchrony and rapport experienced 

toward people with schizophrenia and found that lower synchrony and poor rapport were 

indeed associated (Lavelle, 2011; Raffard et al., 2015).  

The initial findings on interpersonal synchrony in schizophrenia suggest that poor 

rapport with people with schizophrenia may stem from a deficit in the appropriate timing of 

affiliative body movements. Incorporating these findings with the findings concerning 

emotional facial expressiveness in schizophrenia, people with schizophrenia can be expected 

to exhibit less emotional facial mimicry in face-to-face interactions. This, however, is still an 

open research question that will be addressed in this dissertation.  
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Chapter 2: Research questions and general hypotheses 

Several open research questions will be addressed in this dissertation, with most of 

them addressing social processes in schizophrenia and some of them addressing social 

psychology in general. First, with respect to schizophrenia, only one study so far has directly 

compared feelings of rapport towards people with schizophrenia as evaluated by an 

interaction partner and in comparison to healthy controls (Lavelle et al., 2013).
3
 Lavelle and 

colleagues (2013) did not find that interaction partners of people with schizophrenia felt less 

rapport with them than with healthy controls in interactions of three people. Aberrant social 

behavior, however, might impact dyadic interactions more directly, as the interaction 

partner’s attentional resources are assigned to only one interaction partner and aberrant social 

behavior might be recognized more. Thus, the question whether people with schizophrenia 

are evaluated less positive by everyday conversation partners has not been addressed for 

dyadic interactions so far. Accordingly, whether aberrant social behavior contributes to the 

assumed lack of rapport with people with schizophrenia has been also only partially 

addressed in previous research. Furthermore, the role of emotional facial mimicry and of 

affiliative facial expression in schizophrenia is not yet clear, particularly not for face-to-face 

interactions. Finally, how negative symptoms and social cognition might affect more negative 

feelings of rapport with people with schizophrenia is also largely unknown. These research 

questions will be addressed in studies 2 and 3. 

Second, so far, no study has tested whether feelings of rapport with a person are 

associated with the amount of emotional facial mimicry exhibited by this person in a face-to-

face interaction. The postulated function of emotional facial mimicry is to signal empathy (cf. 

Hess & Blairy, 2001) and behavioral mimicry in general is known to relate to rapport (cf. 

                                                 
3
 One other study has reported on rapport differences as evaluated by interaction partners of people 

with schizophrenia (Raffard et al., 2015). In this study, however, the interaction was not a conversation, but 

consisted of swinging a hand-held pendulum (i.e. this study did not involve actual social communication).  
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sections 1.4 and 1.5). It is thus important to investigate whether different levels of emotional 

facial expressiveness can explain different levels of rapport with a person. This research 

question will also be addressed in studies 2 and 3 on aberrant social behavior associated with 

schizophrenia. 

Third, in order to test whether emotional facial mimicry relates to levels of rapport, 

emotional facial mimicry has to be reliably quantified in face-to-face social interactions. 

Emotional facial mimicry is most reliably assessed via electromyography (EMG). However, 

as will be shown in section 3.1, the only study so far that has used EMG to quantify 

emotional facial mimicry in a face-to-face interaction (Hess & Bourgeois, 2010), used a 

method insensitive to the timing of the mimicry responses. Thus, a method to quantify the 

temporal dynamics of emotional facial mimicry has to be developed in order to address the 

other research questions. This research gap will be addressed first (study 1) as it is a 

prerequisite for studies 2 and 3.  

The following general hypotheses will be tested: 

1. Emotional facial mimicry can be quantified for affiliative facial expressions in 

dyadic face-to-face interactions by employing an analysis technique for 

interpersonal synchrony on continuously assessed facial movements (study 1). 

2. Participants will be less motivated for future interactions with interaction partners 

with schizophrenia than with interaction partners without schizophrenia after a 

dyadic face-to-face interaction (study 3). 

3. A lack of rapport felt with the interaction partner can be accounted for by a lack of 

affiliative facial expressiveness (smiling and mimicry of smiles) displayed by that 

interaction partner in a dyadic face-to-face interaction (studies 2 & 3). 
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4. Social cognition and negative symptoms will have a relevant impact on the 

amount of emotional facial mimicry expressed in dyadic face-to-face interactions 

(studies 2 & 3). 

To test these hypotheses, two different samples were acquired. First, a non-clinical 

sample was used to test general hypothesis 1 in study 1 and general hypotheses 3-4 in study 

2. Second, a sample of people with schizophrenia was obtained and compared to a healthy 

control group to test general hypotheses 2-4 in study 3. 

The ethics committee of the Psychotherapeutenkammer Hamburg approved all 

procedures of these three studies, which were carried out in accordance with the 1964 

Declaration of Helsinki and its later amendments. 
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Chapter 3: Study 1 – Quantifying the temporal dynamics of emotional facial mimicry 

in face-to-face interactions 

3.1. Introduction 

In sections 1.4 and 1.5, the relevance of patterns of synchronized movements in 

human social interaction had been described. In this regard, it was shown that humans tend to 

seek coordination in movement and evaluate interpersonal encounters with higher degrees of 

nonverbal synchrony and behavioral mimicry more favorably (Bernieri, 1988; Lakin & 

Chartrand, 2003; Tickle-Degnen & Rosenthal, 1990; van der Schalk et al., 2011). Thus, the 

quantification of synchronized nonverbal movements has become an important field of 

research in recent approaches to understanding the flow of human interaction in social 

psychology (Laroche, Berardi, & Brangier, 2014). Moreover, translating this understanding to 

clinical psychology is increasingly relevant, as some mental disorders, such as schizophrenia, 

have been linked to deficits in movement synchronization (Kupper et al., 2015; Varlet et al., 

2012).  

As outlined in sections 1.4 and 1.5, nonverbal synchrony, behavioral mimicry, and 

emotional (facial) mimicry are slightly different aspects of interpersonal coordination. 

Whereas research on nonverbal synchrony is primarily concerned with the timing of 

synchronized movements, behavioral and emotional mimicry are defined more by the amount 

of synchronized movements. Behavioral mimicry is thought to be context-insensitive and to 

rely on the mirror-neuron system, while emotional mimicry appears to additionally include a 

context-sensitive part, that is, the mimicry of contextualized emotions. This latter proposition 

relates emotional mimicry to nonverbal synchrony as both are thought to include the 

recognition of interpersonal context. Since interpersonal context is volatile and time-

dependent, emotional mimicry may be best assessed with particular regard to the timing of 

the mimicry response. Emotional mimicry so far has been most extensively researched with 
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respect to emotional facial expressions (emotional facial mimicry), but only few studies have 

looked at emotional mimicry in natural face-to-face interactions (Chartrand & Lakin, 2013; 

Hess & Fischer, 2013). As will be shown in the following, no viable research method for the 

quantification of emotional facial mimicry has been presented so far. This first study of this 

dissertation therefore sought to develop and validate a method for the assessment of 

emotional facial mimicry in natural face-to-face interactions. For this, an assessment method 

for nonverbal synchronization was adopted. 

In general, researchers have repeatedly requested to include face-to-face interactions 

into the research on social interactions more frequently (Fischer & van Kleef, 2010; Heerey, 

2015). With respect to research on facial expressions and emotional facial mimicry, this 

request has remained largely unanswered so far (Heerey, 2015). Almost the entire literature 

on emotional facial mimicry relies on the investigation of participants facial responses to 

emotional facial expressions presented on a computer screen (Hess & Fischer, 2013). 

Available approaches often use frame-by-frame observer ratings to decide on whether or not a 

given expression or action unit is present at a given time (e.g. Heerey & Crossley, 2013; Stel 

& Vonk, 2010). This procedure is both cumbersome and prone to measurement errors due to 

the subjective evaluation of expressions by human coders. This is why researchers recently 

have tried to objectify and simplify the assessment of facial expressions and emotional facial 

mimicry, for instance by using real-time avatars and face-tracking (Boker et al., 2009). 

However, face-tracking software is still advancing and prone to measurement error due to 

position shifts, head turns, and non-detection of minimal movements (Cohen, Morrison, & 

Callaway, 2013; Messinger, Mahoor, Chow, & Cohn, 2009). 

Electromyography (EMG) allows for a more objective and economical assessment of 

facial movements, is able to produce time series data with high frequency sampling rates, and 

can even detect covert or subthreshold movements (Dimberg, 1982). In laboratory studies of 
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facial mimicry it is therefore the gold-standard assessment method of facial movements. The 

only study to assess facial mimicry in a dyadic setting using EMG was published by Hess and 

Bourgeois (2010). The authors showed that smiling but not frowning was mimicked in dyadic 

affiliative interactions of strangers. For this, they averaged the EMG activity of a muscle site 

for epochs of 15 s within participants, which then were correlated across two interaction 

partners. This approach, though innovative, might not have been ideal, however, as research 

on the timing of facial mimicry responses has shown that the peak mimicry response is 

usually observable within 1 s after stimulus onset (Dimberg et al., 2000; Heerey & Crossley, 

2013). Moreover, mimicry of genuine smiles may even occur as quickly as within 200 ms 

after stimulus onset indicating an anticipated mimicry of smiling (Heerey & Crossley, 2013). 

As the anticipation of smiles might be the product of (social) cognitive processes different 

from those involved in the reflexive mimicry response, assessing the temporal dynamics of 

mimicry responses as precisely as possible is crucial. 

Maintaining the high temporal resolution of the EMG data therefore is important for 

any analysis that aims at quantifying the temporal dynamics of emotional facial mimicry in 

face-to-face interactions. As mentioned earlier, assessment methods that quantify nonverbal 

synchrony might be helpful in this regard. Windowed cross-lagged correlation (WCLC; 

Boker, Rotondo, Xu, & King, 2002) is a statistical analysis technique that allows for the 

quantification of the synchrony of two behavioral time series while largely maintaining the 

temporal resolution of the input data. Moreover, it accounts for the possibility that synchrony 

between the time series may occur with a time lag as well as simultaneously. Interpersonal 

synchrony assessed with WCLC has been shown to be reliably quantifiable for whole body 

movements (Boker et al., 2002; Ramseyer & Tschacher, 2011) and to be a significant 

predictor of more positive interpersonal outcomes (Ramseyer & Tschacher, 2011; Tschacher 

et al., 2014). However, WCLC has not yet been used to analyze EMG data or to quantify 
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emotional facial mimicry in face-to-face interactions (one exception is a case study by 

Messinger et al., 2009, who used WCLC to investigate mother-infant-interactions but did not 

use EMG). Adapting WCLC for facial EMG data would close these research gaps and help to 

objectify the investigation of emotional facial mimicry in face-to-face interactions by 

bypassing a human coding procedure.  

Therefore, in this study the suitability of WCLC to quantify the temporal dynamics of 

emotional facial mimicry in dyadic interactions was tested. In accordance with Hess and 

Bourgeois (2010), smiling muscle (Zygomaticus Major) and frowning muscle (Corrugator 

Supercilii) activations were analyzed within dyads of participants who talked about positive 

and negative life events. WCLC was validated against a control condition of chance-level 

synchrony and its reliability was tested over the course of an interaction by means of the 

consistency of the synchrony estimate produced by WCLC. As an additional indicator of 

construct validity, the key findings on emotional facial mimicry in face-to-face interactions 

mentioned above should be replicable. These include the finding by Hess and Bourgeois 

(2010) who found that smiles but not frowns were mimicked by interaction partners in an 

affiliative interaction, and the finding by Heerey and Crossley (2013) that smiling 

synchronizations occurred within 200 ms.  

The following hypotheses were tested in study 1: 

1. WCLC detects synchrony of facial muscle activity better than would be expected 

by chance. 

2. Corrugator (frowning) activity is mimicked less than Zygomaticus (smiling) 

activity. 

3. Emotional facial mimicry can be measured reliable over the course of an 

interaction. 

4. Zygomaticus (smiling) mimicry occurs within time lags of ±200 ms. 
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3.2. Method 

3.2.1. Sample 

Data were collected from 33 dyadic interactions of mentally healthy subjects (N = 66), 

recruited from the community of the city of Hamburg. Inclusion criteria for all participants 

were age 18-65, no life time diagnosis of any mental disorder (exception: no diagnosis of 

alcohol/drug abuse within the past year), no self-reported history of any neurological 

disorders, and verbal IQ > 80. Dyads were matched with respect to sex and approximate 

years of education. This sample will also be analyzed with a focus on negative symptoms in 

study 2 (section 4). Measures relevant for study 2 will be described in detail in the methods 

section of study 2 (section 4.2). 

As outlined earlier and as will be described in more detail in sections 3.2.3 and 3.2.4, 

EMG data were collected throughout the dyadic interactions. Three of the 33 dyads had to be 

excluded from the analyses because of missing EMG data (technical recording failure = 1 

dyad) or excessively noisy EMG-data due to electrodes not properly adhering to the skin (= 2 

dyads). Thus, 30 dyads (N = 60) were included in the analyses for study 1. Nineteen of these 

dyads were female/female, the remaining eleven were male/male. Mean age of participants 

was 35.1 years (SD = 12.2; range: 19 to 62) and mean years of education were 16.1 years (SD 

= 3.1; range: 10 to 22). All participants were unaware of the clinical focus of the project, 

uninformed about the fact that the EMG electrodes measured facial movements during the 

interactions, unaware of the hypotheses of this study, and indicated in the end of the 

experiment that they had never encountered their interaction partner before. 

3.2.2. Social interaction task 

For the dyadic interaction, the participants prepared a positive and a negative life 

event according to standardized instructions. For the positive events, participants were 

instructed to recollect an enjoyable event that had happened to them within the last 12 
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months. For the negative event, participants were instructed to recollect an event where they 

had felt annoyed or angry (cf. Hess & Bourgeois, 2010). The participants then rated how 

enjoyable/annoying this event was for them on a scale from 1 (“not at all 

enjoyable/annoying”) to 9 (“maximally enjoyable/annoying”). Participants were instructed to 

try to explain to the interaction partner, why the event was enjoyable/annoying. In the 

instructions the terms ‘conversation’ and ‘conversational topics’ were used to refer to the 

interaction and to the events, respectively, to avoid passivity in participants in the listener 

role. Accordingly, the instructions also included a passage specifically encouraging 

participants to actively respond to the told stories when in listener role.  

The interaction started with a 2-min warm up phase in which participants were 

supposed to introduce one another and discuss whether they wanted to use the formal or 

informal way of addressing each other in German. In fact, all participants chose to address 

one another using the informal way (equivalent to using the first name in English). Then 

participants discussed their positive and negative life events. Each event was the 

conversational topic for approximately 3 min, while experimenters announced topic shifts via 

an intercom. Event valances were blocked for the interaction so that both positive and both 

negative events were discussed directly after one another. The interaction ended with a cool 

down period of 2 min, announced as a waiting period by the experimenters. It had been 

intended to counterbalance the order of valence blocks across all dyads in the sample. 

However, due to non-adherence of some of the experimenters to the study protocol in this 

single aspect of the protocol, only eight out of 30 dyads actually started with the discussion of 

negative events. 

3.2.3. Procedures 

Presence of mental disorders was ruled out based on an interview session using the 

Structured Clinical Interview for DSM-IV Axis I (Wittchen, Fydrich, & Zaudig, 1997), a 
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semi-structured interview assessing the diagnostic criteria of the mental disorders according 

to the DSM-IV. Verbal IQ was assessed with the German Multiple Choice Vocabulary Test 

(Lehrl, 1999), in which participants are required to select German words out of lists of 

pseudo-word distractors. This assessment has been shown to be particularly useful in 

schizophrenia research (Exner & Lincoln, 2012) and was chosen for this reason also for the 

non-clinical sample presented here. The assessment of exclusion criteria (psychopathology) 

and other questionnaires relevant to study 2 lasted for ca. 1.5 h.
4
 Suitable participants were 

then invited to take part in a dyadic interaction on another day. As a cover story, the 

participants were told that the study investigated differences between interactions of close 

friends and strangers and that they had been assigned to the stranger-group. They were also 

informed that, throughout the conversations, ‘psychophysiological data’ would be collected 

from their faces by four ‘sensors’ and that the interactions were filmed. 

On the day of the interaction, the two interaction partners arrived at separate rooms, 

where they gave informed written consent. When the participants had prepared their positive 

and negative event, they were taken to the room in which the interaction took place. In the 

following, the application of the EMG electrodes (cf. section 3.2.4) occurred at the same time 

for both participants of each dyad by two different experimenters. After visually checking 

signal quality, participants were instructed to knit their eyebrows as much as they could and 

to smile as widely as they could. The resulting activation levels were used as benchmarks for 

the maximum contraction of each muscle site (cf. section 3.2.5). To prevent priming 

participants to pay extra attention to facial movements, participants were told that the 

movements were necessary to check whether the electrodes would adhere to their faces when 

talking. After this, the experimenters left the room and the interaction task was carried out as 

described above. After the interaction, participants filled in several questionnaires (cf. study 

                                                 
4
 A full list of assessments will be provided in the methods section to study 2 in chapter 4. 
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2, section 4), were compensated monetarily with 10 € per hour of attendance, debriefed, 

thanked, and dismissed. 

3.2.4. EMG measurement 

Facial EMG data were collected throughout the interactions continuously from the 

Zygomaticus Major (smiling muscle) and the Corrugator Supercilii (frowning muscle). The 

assessment was restricted to these two muscle regions for several reasons: The number of 

muscle sites to record EMG data from was intended to be limited to a maximum of two 

muscle sites for two reasons. First, the invasiveness of the EMG method was intended to be 

kept minimal in order to increase the ecological validity of the assessment (having fewer 

electrodes attached to the face will more likely resemble a “natural” interaction than having 

more electrodes attached to the face). Second, a similar study design was also planned to be 

used in study 3 which involved a clinical sample with participants with a diagnosis of 

schizophrenia. Thus, the number of electrodes in the face was intended to be limited to a 

minimum also to reduce the aversiveness of the situation (talking to a stranger, being filmed, 

having “psychophysiological data” recorded from the face). One reason for selecting the 

Zygomaticus Major and Corrugator Supercilii muscle sites was that the study design of Hess 

and Bourgeois (2010), who investigated these two muscle sites, was adopted with respect to 

the interactional set up and conversational content. Furthermore, these two muscle sites are 

the most common in research on emotional facial mimicry (Hess & Fischer, 2013). Hess and 

Bourgeois (2010) investigated other potentially relevant candidates for the assessment, the 

Levator Labii Alaeque Nasi (associated with disgust displays) and Orbicularis Oculi 

(associated with smiling), but their results were best accounted for by the Zygomaticus and 

Corrugator assessment. 

The electrodes were placed directly before the beginning of the interaction and after 

cleansing the skin sites using Nuprep™ abrasive gel. Ag/AgCl surface electrodes with an 
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inner diameter of 6 mm an outer diameter of 13 mm were placed onto the skin of participants 

using 13 mm adhesive discs with an inner diameter of 5 mm. The electrodes were filled with 

TEN20™ conductive paste. Electrodes were placed in pairs (bipolar measurement) at the two 

muscle sites (Corrugator Supercilii and Zygomaticus Major) 13 mm apart from one another 

according to the guidelines by Fridlund and Cacioppo (1986). Ground electrodes were 7 mm 

Ag/AgCl electrodes that were placed via an ear-clip on one earlobe of each participant (cf. 

Tassinary, Cacioppo, & Vanman, 2007).  

The EMG signal was measured in both participants simultaneously using a single 

NeXus-10 Mark-II (Mind Media BV, The Netherlands) device. Both participants’ ground 

electrodes were connected to the EMG device’s ground electrode input channel via a ground-

splitter (Mind Media BV, The Netherlands). BioTrace software (Mind Media BV, The 

Netherlands) was used for monitoring, initial preprocessing, and data storage on a computer 

in another room which was connected to the NeXus via USB cable. The EMG data was 

initially sampled at 2048 Hz. The signal was down-sampled to 32 Hz using the root mean 

square (RMS) method, which was performed on the rectified signal and with a time constant 

of 1/16 s. EMG data were then exported for further analysis in MATLAB (MathWorks, MA, 

USA) environment. 

3.2.5. Preprocessing of EMG time series data 

To create a proper control condition of chance level synchrony, pseudo-interactions 

(cf. Ramseyer & Tschacher, 2011; Bernieri, 1988) were generated by randomly assigning the 

time series of participants taken from different dyads to one another (thus, these were 

participants who did not actually communicate with each other), cutting the longer series to 

match the length of the shorter one. In these pseudo-interactions all synchrony should be 

subject to chance and thus comparing genuine and pseudo-interactions can be used as a test 

of the signal-to-noise ratio.  
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Before running the WCLC analysis, the time series data of both genuine and pseudo-

interactions were preprocessed in several steps using specifically written MATLAB scripts. 

First, data were cleared from artifacts by deleting all data points that exceeded the critical 

benchmark level obtained from participants before the interaction (cf. section 3.2.3). By this, 

excessive spikes in the EMG signal were deleted that occurred as artifacts due to participants 

touching the electrodes or significantly moving the cables. This resulted in a mean loss of 

0.01% of data points per dyad. Second, the time series were normalized to a range of 0 to 1 

by using min-max normalization. Third, the time series were smoothed using a moving 

average with a time constant of 0.5 s.
5
  

3.2.6. Quantification of emotional facial mimicry 

The WCLC analysis produces a parameter of the strength of the association of two 

time series (= synchrony) for each assessed time point of the interaction and additionally 

takes into account time lags between the two time series. Essentially, WCLC calculates the 

correlation of two time series for a series of overlapping time windows (= “a vector of 

sequential measurements sampled from a time series”; Boker et al., 2002, p. 341) of a 

constant size. The time window is “moved” along the time line in pre-specified increments
6
 

to obtain the correlation of the two time series at each time point. Thus, the moving of the 

window resembles the procedure of a moving average, with WCLC producing correlations of 

the two time series’ windows. Therefore, a WCLC analysis with a window size of 1 s 

maintains the same temporal resolution of the input data as a moving average with a time 

constant of 1 s. Additionally, before moving the time window an increment further in the 

analysis, pre-specified time lags are subsequently applied to each of the time windows and a 

correlation for each resulting window combination is calculated (cf. Boker et al., 2002, pp. 

                                                 
5
 By setting the time constant of the moving average to a value of 0.5 s, the approach taken by 

Ramseyer and Tschacher (2011) was approximated. 
6
 For an optimal temporal resolution of the WCLC output, this increment should be set equal to the 

time interval between single observations in the time series (e.g. 0.1 s when the data was sampled at 10 Hz). 
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343-344). By shifting the time series back and forth in this manner, the WCLC analysis is 

able to identify the amount of synchrony at each given time point, and the time lag with 

which one of the two time series was leading the other time series at this time point. That is, 

person A is leading person B when a muscle contraction of person A is followed by a muscle 

contraction of person B, thus, when person B is mimicking person A. In this case, person B is 

said to be pacing person A. 

The WCLC analysis was run for both genuine and pseudo-interactions using a time 

window size of 7 s (= 224 observations), which was moved over the time series in increments 

of 1/32 s (= 1 observation). The maximum time lag was 2 s (= 64 observations), which was 

applied in increments of 1/32 s (= 1 observation). Window size and time lag in the analysis 

have to be chosen due to theoretical considerations. For example, the choice of a window size 

may depend on how long the behavioral units to be analyzed for synchrony are assumed to 

be.
 7

 The maximum time lag should mark the maximum delay with which a synchronization 

response may occur, in order to be considered as a synchronization response and not as a 

distinct behavioral action. Here, it was expected that facial expression synchronizations 

would generally have durations shorter than 5 s (cf. Boker et al., 2002) and that these 

synchronizations would generally occur within time lags of 1 s (cf. section 3.1). In order to 

also capture slightly longer or more delayed responses the values were set slightly higher than 

what the actual expectations implied. 

The correlation coefficients in the resulting WCLC matrices were Fisher z-

transformed, as recommended by Ramseyer and Tschacher (2011). Matrices were then 

cleared of all correlation coefficients not exceeding a dyad-specific significance threshold. 

The threshold was derived by correcting an initial α-level of p = .01 for the number of 

correlation coefficients stored in a dyad’s WCLC result matrix using Bonferroni correction. 
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Because the time series varied in length for each interactional phase, the WCLC matrices also 

varied in number of stored correlation coefficients. Therefore, the Bonferroni corrected 

significance thresholds were calculated individually for each interactional phase (cf. 

Appendix C for more information on the significance threshold employed). In contrast to 

Ramseyer and Tschacher (2011), who used absolute values of correlation coefficients, here, 

the WCLC matrices were cleared of all negative correlation values. This solution was chosen 

because negative correlations mark asynchrony of the two time series. This asynchrony 

would potentially mark what is known as counter-mimicry, which was not expected to be 

present in the affiliative interactions, since counter-mimicry is known to occur in competitive 

situations (Lanzetta & Englis, 1989). Furthermore, asynchrony may represent an artifact of 

the analysis. For example, a negative correlation value could represent a scenario in which 

person A started smiling as a response to person Β stopping smiling. However, if the smiling 

onsets of both participants lay within 2 s of one another, this would indicate a lagged smiling 

synchronization. If not, the two smiles would be considered being distinct actions. Both cases 

are already accounted for by analyzing the positive correlation coefficients. In such cases, the 

negative correlation coefficients are redundant. This characteristic of the WCLC analysis is 

illustrated in Figure 1. It shows that high positive synchrony coefficients may be commonly 

accompanied by high negative (a)synchrony coefficients somewhere along the coefficient 

distribution of the same time window. In the figure, this parameter distribution is shown to be 

a cross-lagged correlation (CLC), which represents the synchrony within a specified time 

window (in other words: a cross section of a single time window of the WCLC analysis). 

Almost perfect synchrony (CLC = .99) as well as asynchrony (CLC = -.95)
8
 can be observed 

within a single time window. However, either the high positive or the high negative  

                                                                                                                                                        
7
 Practical considerations may also play a role in the analysis. For example, choosing smaller window 

sizes as well as choosing larger maximum time lags increases the number of correlations calculated by WCLC 

and thus processing time and family wise error rate.  
8
 These values are pearson correlation coefficients which are not yet Fisher z-transformed. 
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Figure 1. Cross-lagged correlation (CLC) distribution (middle panel) and the corresponding 

range corrected EMG time series window (top & bottom panel) of person A (black line) and 

person B (grey lines). The dashed line in the top panel illustrates person B’s time series 

shifted according to the time lag corresponding to the maximum CLC (maximum synchrony) 

value (at +0.25 s). The dashed line in the bottom panel illustrates person B’s time series 

shifted according to the time lag corresponding to the minimum CLC (maximum asynchrony) 

value (at +2.00 s). 

correlation best represents the relationship between persons A and B, but not both do. 

Omitting negative values therefore would increase the signal-to-noise ratio and the power to 

discriminate between leading and pacing roles in the interaction. Nevertheless, all analyses 

were additionally performed on the WCLC matrices when only considering significant 

negative correlation coefficients. If the theoretical considerations concerning negative 

correlation coefficients are correct, there would be no difference between genuine and 
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pseudo-interactions with respect to asynchrony. The main analysis assessing the difference 

between genuine and pseudo synchrony were repeated without the constraints of a 

significance threshold and the omitting of negative correlation values (thus equaling 

Ramseyer & Tschacher’s approach) and these results are reported in Appendix C. 

In all dyads, the person who was first asked to begin the conversation was defined as 

person 1 and the other person as person 2. Thus, in all WCLC result matrices, coefficients at 

positive time lags referred to person 1 leading the interaction and coefficients at negative time 

lags referred to person 2 leading the interaction. For the analyses of study 1, it was not 

necessary to differentiate between leading and pacing of persons 1 and 2 within a dyad. This 

differentiation is, however, used in study 2 (section 4) and will be discussed there. The 

WCLC analyses were calculated separately for each muscle site and for each interactional 

phase (warm up, positive event of person 1 [positive 1], positive event of person 2 [positive 

2], negative event of person 1 [negative 1], negative event of person 2 [negative 2], and cool 

down).  

To obtain a single parameter of synchrony for each of the six interactional phases, the 

grand mean of all coefficients in the respective WCLC matrix was calculated. The average of 

the six resulting mean synchrony levels was used as a parameter of the overall synchrony 

across an interaction. Additionally, it was determined for each row (= each time window) of 

each WCLC matrix the time lag corresponding to the peak synchrony (WCLC peaks).
9
 By 

this, the amount of WCLC peaks that occurred at each time lag could be counted. This 

number was then expressed as number of WCLC peaks within a 3 minute period (= 

anticipated length of an interactional phase) to be able to compare the values between dyads. 

WCLC peaks were determined individually for each interactional phase and then summed up 

                                                 
9
 In cross-lagged correlation analyses (cave: not windowed cross-lagged correlation), the time lag 

corresponding to the peak value is a commonly used outcome to determine the time lag of the association of two 

analyzed time series (cf. Boker et al., 2002). Because in WCLC each row (= each time window) represents a 

single cross-lagged correlation, our peak counting approach is analogous to the established approach.  
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for each time lag over the six interactional phases. In this way it was possible to explore the 

temporal dynamics of the synchronization more closely since the number of WCLC peaks 

represents a better estimation of the frequency of synchronizations at a given time lag than 

the mean of the WCLC amplitude at this given time lag. This is because the WCLC 

coefficients within a single time window, across time lags, are usually substantially 

autocorrelated. The WCLC peaks were averaged for several segments of adjacent time lags. A 

segment width of ±6 observations around time lag 0 (overall segment width = 13 

observations ≈ 406 ms or ±203 ms) was chosen for the inner segment. Comparing the peaks 

occurring in this segment between genuine and pseudo-interactions tests hypothesis 4 which 

stated that significant smiling synchrony would be present within time lags of ±200 ms. All 

other segments were then designed to have the same size. Thus, the WCLC peaks of four 

more segments of 13 observations (≈ 406 ms) in both the positive and negative time lag 

direction (overall 9 segments covering ± 1828 ms around time lag 0) were averaged.  

3.2.7. Data analysis 

A benchmark check was conducted on the benchmark non-normalized amplitude 

levels obtained for each muscle before the interaction in order to assure that the EMG set-up 

produced valid EMG data with respect to signal amplitudes. This was done since the 

assessment of facial mimicry usually assesses very subtle muscle movements that are mostly 

below the threshold at which muscle contractions become visible in the face. For example, 

Hess and Bourgeois (2010) used a threshold of 15 µV for visible vs. non-visible muscle 

movements. The changes in muscle activation usually reported in facial mimicry research are 

only several µV (e.g. ±3 µV in Dimberg et al., 2000). However, in the natural face-to-face 

interactions analyzed in this dissertation, more pronounced smiling and frowning behaviors 

were expected. For instance, Epstein (1990) reported mean benchmark Zygomaticus 

amplitudes of approximately 140 µV RMS and Corrugator amplitudes of approximately 80 
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µV RMS. The benchmark contractions across the whole sample were expected to result in µV 

RMS amplitudes comparable to those values. Additionally, in this dissertation, for the first 

time, facial EMG was collected from two people simultaneously with only one assessment 

device. In order to rule out that connecting two participants within a dyad to the same device 

systematically distorted the EMG amplitudes, the benchmark amplitudes were correlated 

within the two dyad-members. Non-significant correlations were expected in this regard. 

To test hypotheses 1 and 2, a three-way repeated measures ANOVA was calculated 

(muscle site [Zygomaticus vs. Corrugator] by interaction type [genuine vs. pseudo-

interaction] by (interactional) phase [warm up vs. positive 1 vs. positive 2 vs. negative 1 vs. 

negative 2 vs. cool down]) on the WCLC synchrony. Following hypotheses 1 and 2, a muscle 

site by interaction type interaction (with smiling but not frowning being superior to chance 

level synchrony) was expected to emerge. To follow up significant interactions, repeated 

measures ANOVAs or paired-samples t-tests were planned, depending on the exact type of 

comparison. There was no explicit hypothesis about possible differences between positive 

and negative narratives (the study by Hess & Bourgeois, 2010 was inconclusive in this 

regard). Thus, possible differences will be looked at in explorative analyses. 

To test the reliability of the synchrony analyzed with WCLC over the course of the 

interaction (hypothesis 3), the internal consistency (Cronbach’s α) was calculated across the 

six experimental phases for smiling and frowning synchrony, respectively, and for both 

genuine and pseudo-interactions. Values higher than .75 represented sufficient reliability.  

Hypothesis 4 stated that smiling synchrony would be present within time lags of ±200 

ms. To test this, a paired samples t-test tested for the difference between genuine and pseudo-

interactions in the sum of WCLC peaks that fell within the inner segment of ±203 ms around 

time lag 0. In order to confirm hypothesis 4, this segment should contain more WCLC peaks 

than expected by chance. Additionally, difference in the number of WCLC peaks between 
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genuine and pseudo-interactions within the other segments were explored. For all analyses, 

an α-level of p = .05 was set as the significance threshold that was corrected for family wise 

error rates using Bonferroni correction where needed. Medium to large effect sizes could be 

detected with a power of 80% in this study. 

 

3.3. Results 

3.3.1. EMG benchmark checks 

The mean µV RMS benchmark amplitudes for Zygomaticus and Corrugator were M = 

147.0 (SD = 73.0) and M = 153.2 (SD = 72.5), respectively. Thus, the sensitivity of the EMG 

measurement of Zygomaticus was comparable with the levels reported by Epstein (1990) and 

somewhat higher for Corrugator. The within-dyad correlations of the benchmark amplitudes 

for Zygomaticus and Corrugator were r = .21, p = .27 and r = -.12, p = .53, respectively.  

These results indicate proper measurement of both muscle sites which confirmed the 

impression gained by visual inspection of parallel video and EMG recordings. 

3.3.2. Facial expression synchrony 

Figure 2 samples the EMG time series of the Zygomaticus muscle activations 

captured in two dyads alongside the resulting WCLC parameter distribution along the 

different time lags. Additionally, Figure 2 shows the EMG time series and WCLC results of a 

pseudo-interaction analyzed in this study. The first dyad shown in the figure exhibited 

particularly low levels of synchrony and the second dyad particularly high levels. This can be 

seen both by visually inspecting the convergence of the two time series (in the middle panel, 

the time series converge much more) and by the difference in the WCLC parameters. 

Moreover, in the pseudo-interaction, there is also considerably less synchrony. The 

distribution of mean WCLC synchrony across the applied time lags for both genuine and 

pseudo-interactions are illustrated in Figure 3 for Zygomaticus (smiling) and in Figure 4 for 
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Figure 2. Illustration of the Zygomaticus activation time-series pairs and the corresponding windowed cross-lagged correlation (WCLC) 

distributions of two dyads (#10 & #11) in the study and of the pseudo-interaction corresponding to dyad #11. Overall synchrony in dyad #10 = 

0.11 and in dyad #11 = 0.40.
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Figure 3. Distribution of mean Zygomaticus (smiling) mimicry estimates along the different 

time-lags of the windowed cross-lagged correlation (WCLC) analysis for each interactional 

phase for both genuine (solid line) and pseudo-interactions (dotted line). The shaded gray 

areas represent ±1 standard error of the mean. 

  



 47 

 

Figure 4. Distribution of mean Corrugator (frowning) mimicry estimates along the different 

time-lags of the windowed cross-lagged correlation (WCLC) analysis for each interactional 

phase for both genuine (solid line) and pseudo-interactions (dotted line). The shaded gray 

areas represent ±1 standard error of the mean. 
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Corrugator (frowning). In the three-way repeated measures ANOVA on WCLC synchrony, 

significant main effects of muscle site (F(1,29) = 88.3; p < .001; partial η² = .75), interaction 

type (F(1,29) = 45.4; p < .001; partial η² = .61), and phase (F(1,29) = 10.6; p < .001; partial 

η² = .27) emerged. Significant two-way interactions were found for muscle site by interaction 

type (F(1,29) = 33.2; p < .001; partial η² = .53) and muscle site by phase (F(1, 29) = 13.3; p 

< .001; partial η² = .31). The three-way interaction muscle site by interaction type by phase 

was also significant (F(1, 29) = 3.8; p = .003; partial η² = .31). As can be seen in Figures 3 

and 4, smiling but not frowning synchrony in genuine interactions could be statistically 

distinguished from chance level synchrony (pseudo-interactions). Supporting hypotheses 1 

and 2, this differential effect held true for all of the six interactional phases, when tested 

individually using paired samples t-tests (cf. Table 1). Differences between interactional 

phases were explored for Zygomaticus (smiling) mimicry. As can be seen in Table 2, the 

pattern of comparisons indicated that there was less Zygomaticus (smiling) mimicry in 

negatively valenced as opposed to non-negative interactional phases. 

Table 1 

T-values and effect sizes for pairwise comparisons of genuine vs. pseudo-interactions by 

interaction type and muscle site. 

  Zygomaticus (smiling)   Corrugator (frowning)  

 t (df = 29) dz t (df = 29) dz 

Warm up 5.93 1.08*** 0.53 0.10 

Positive person 1 5.13 0.94*** 0.03 0.01 

Positive person 2 5.52 1.01*** 0.98 0.18 

Negative person 1 4.78 0.87*** 1.61 0.30 

Negative person 2 6.05 1.11*** 0.14 0.03 

Cool down 4.66 0.85*** 1.27 0.23 

*** p < .001 
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Table 2 

Mean pairwise differences in WCLC mimicry estimates between the different interactional phases for Zygomaticus (smiling).  

Interactional 

phase  Warm up   Positive 1   Positive 2   Negative 1   Negative 2   Cool down 

 

Warm up –  0.02  0.03 
†
 0.10 *** 0.07 *** 0.04 

†
 

Positive 1 -0.02  –  0.01  0.08 *** 0.05 * 0.02  

Positive 2 -0.03 
†
 -0.01  –  0.07 ** 0.04 

†
 0.01  

Negative 1 -0.10 *** -0.08 *** -0.07 ** –  -0.03  -0.05 
†
 

Negative 2 -0.07 *** -0.05 * -0.04 
†
 0.03  –  -0.03  

Note: The differences are calculated for row > column. Thus positive values represent the row estimate outscoring the column estimate. 
† 

p < .10; * p < .05; ** p < .01; *** p < .001 (all p-values were corrected for family wise error using Bonferroni correction). 
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In support of hypothesis 3, smiling synchrony showed high internal consistency over 

the course of the interaction (Cronbach’s α = .93). Frowning synchrony did not provide 

sufficient internal consistency (Cronbach’s α = .69) matching the low internal consistencies 

of the two pseudo-interaction conditions (Cronbach’s α = .66 and .69 for smiling and 

frowning, respectively). These results indicate that smiling but not frowning synchrony was 

sufficiently reliable over the course of the interaction and under different conditions (change 

of conversational topics throughout the interaction). 

3.3.3. Timing of facial expression synchrony 

Figure 5 illustrates the differences between genuine and pseudo-interactions in number of 

WCLC peaks throughout the interaction for the nine analyzed time lag segments. Supporting 

hypothesis 4, the inner segment of ±203 ms around time lag 0 contained significantly more 

WCLC peaks in genuine than in pseudo-interactions (t(29) = 5.72; p < .001; Cohen’s d = 

1.21). This indicates that the WCLC analysis detected significant smiling synchrony within 

time lags below 203 ms. The four segments adjacent to the inner segment (two in each time 

lag direction) also contained significantly more WCLC peaks in genuine than in pseudo-

interactions (ts(29) = 3.77–6.55; ps = .001 – <.001; Cohen’s ds = 0.78 – 1.33). These findings, 

that remained significant when correcting for multiple testing, indicate that smiles were 

predominantly synchronized with maximum delays of ca. 1000 ms. 

3.3.1. Additional analyses: Counter-mimicry 

When analyzing negative correlations (asynchrony/counter-mimicry) within muscles, 

significant differences in counter-mimicry emerged between genuine and pseudo-interactions  
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Figure 5. Number of Zygomaticus (smiling) mimicry peaks occurring in varying time lag 

segments for genuine (light grey bars) and pseudo-interactions (superimposed dark grey 

bars). Error bars represent standard error of the mean. 

** p < .010; *** p < .001 

for the Zygomaticus (F(1,29) = 44.9; p < .001; partial η² = .61). However, the effects were in 

the opposite direction than the effects for mimicry: In all interactional phases pseudo counter-

mimicry outscored genuine counter-mimicry (ts(29) = -8.2 – -4.1, all ps < .001, Cohen’s ds = 

-1.51 – -0.78). Concerning Corrugator, no significant differences emerged (F(1,29) = 0.1; p 

= .91; partial η² < .001). 
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3.4. Discussion 

In this study, a method for quantifying nonverbal synchrony of time series data 

(windowed cross-lagged correlation; WCLC) was used to quantify the temporal dynamics of 

emotional facial mimicry. The suitability of this approach was tested. Facial expressions were 

continuously measured with EMG in face-to-face dyadic interactions. Mimicry was analyzed 

of Zygomaticus Major (smiling muscle) and Corrugator Supercilii (frowning muscle) 

contractions during the discussion of positive and negative life events of the interaction 

partners. As hypothesized, significant smiling synchrony was detected by the WCLC analysis 

compared to a control condition of pseudo-interactions. Smiles were predominantly 

synchronized within 1000ms and a significant portion of these as quickly as within 200ms. 

Construct validity and parameter stability of the analysis appeared to be high.  

In accordance with other studies investigating non-verbal synchrony with WCLC in 

face-to-face interactions, in study 1, pseudo-interactions were used to simulate chance-level 

emotional facial mimicry. In line with the reports by Bernieri (1988) and Ramseyer and 

Tschacher (2011), this approach resulted in genuine mimicry outscoring pseudo-mimicry. The 

effect sizes for overall Zygomaticus (smiling) mimicry in the different interactional phases 

(ds = 0.85–1.11) were considerably larger than the effect sizes reported by Ramseyer and 

Tschacher (2011) (Cohen’s ds = 0.50–0.59), indicating that the analysis here provided a 

higher signal-to-noise ratio. This difference is possibly explained by the fact that, unlike 

Ramseyer and Tschacher, in this study, a significance-threshold was employed for the WCLC 

coefficients in order to suppress non-significant synchrony. Moreover, all negative correlation 

coefficients marking asynchrony between the time series were suppressed.  

There was no clear evidence of Corrugator (frowning) mimicry in the dyads of study 

1. In the light of findings that have shown that the Corrugator is reliably deactivated in 

response to positive stimuli in general (Larsen, Norris, & Cacioppo, 2003) and positive facial 
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expressions in particular (Dimberg et al., 2000), one might have expected Corrugator 

(frowning) mimicry at least in the positive interaction phases because the Corrugators of both 

participants should relax during active smiling. In facial mimicry studies based on stimulus 

presentations via computer, this deactivation becomes evident when signal-change to baseline 

is calculated. This baseline is usually part of the within-trial pre-stimulus interval (e.g. 

Dimberg et al., 2000; Likowski, Mühlberger, Seibt, Pauli, & Weyers, 2008) or even a neutral 

expression (e.g. Hess & Blairy, 2001) in order to control for possible unrelated muscle 

activations. The mimicry responses (both of activation and deactivation) then usually are in a 

range of several µV (e.g. ±3 µV in Dimberg et al., 2000). In the continuous EMG assessment 

of study 1, muscles were considered deactivated, when a “calm” baseline was reached. This 

baseline then was thought to represent zero activation plus noise. A noise level of maximum 

5µV RMS was accepted, when checking signal quality before the interactions. When muscles 

were activated, as in active frowning or smiling, the RMS EMG amplitude in most 

participants reached levels of more than 100µV RMS (cf. also Epstein, 1990). This is because 

the facial movements we recorded were much less subtle than the ones usually assessed in 

facial mimicry research. Thus, this study investigated particularly overt facial expressions, 

but in turn did not readily detect deactivation of muscles in the way the aforementioned 

studies did. The analysis method appears thus to be specifically useful to detect overt 

emotional facial mimicry as opposed to covert emotional facial mimicry.  

By finding Zygomaticus (smiling) to be mimicked by interaction partners to a larger 

extent than frowning, the findings by Hess and Bourgeois (2010) were confirmed in this 

study. A possible explanation for the differential effect related to smiling versus frowning 

synchrony could be that both Hess and Bourgeois (2010) and this study investigated 

affiliative situations. In these types of situations, frowning, which may be considered a non-

affiliative signal, is less likely to be synchronized than the affiliative signal smiling (e.g. 
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Hess, Blairy, & Kleck, 2000). The notion that the interactions in this study were affiliative in 

nature is also reflected by the finding that counter-mimicry reactions did not occur on a 

significant basis. Counter-mimicry is known to particularly be present in competitive as 

opposed to affiliative situations (e.g. Lanzetta & Englis, 1989). Moreover, counter-mimicry in 

the Zygomaticus (smiling) muscle was significantly suppressed in the affiliative interactions. 

This further underlines the importance of emotional facial mimicry of smiles in affiliative 

interactions. 

When further disentangling the temporal dynamics of smiling synchrony, 

Zygomaticus (smiling) mimicry was found within time lags up to 200 ms, thus corroborating 

the findings by Heerey and Crossley (2013). Heerey and Crossley assumed that mimicry 

within 200 ms after smile onset reflects an anticipated response because perceptive 

processing in addition to subsequent motor output would take longer than these 200 ms. They 

found that genuine but not polite smiles were mimicked by interaction partners within 200 

ms. It is thus likely that the high proportion of low time-lag synchronizations found in this 

study reflects a high proportion of reciprocated genuine smiles in the interactions. This 

interpretation also fits in well with the findings of Hess and Bourgeois (2010), who found that 

in comparison to genuine smiles, polite smiles were only rarely expressed in first encounters. 

Because of this cross-validation with existing findings in the literature, the construct validity 

of the outcome parameter of our WCLC analysis appears to be high. 

Some limitations to the study design specific to the findings of study 1 need 

mentioning. First, due to the convenience sampling, the age range was larger than in most 

other experiments on facial EMG. Even though studies on the topic suggest that neither facial 

EMG nor facial mimicry are affected by age (Bailey & Henry, 2009; Hühnel, Fölster, 

Werheid, & Hess, 2014), a significant negative correlation of age and Zygomaticus activation 

levels was found (reported in study 2, section 4). However, controlling for age in all analyses 
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did not change the results. Second, the EMG assessment was restricted to two muscle sites 

and the emotional event types to happiness and anger situations, so that conclusions about the 

mimicry of other facial expressions such as fear or disgust are limited. Third, the study was 

conducted in a Western European country and culture and thus our findings need replication 

in other cultural areas. Finally, because the study design was not completely counterbalanced, 

it cannot be ruled out that sequencing effects produced the differential results for positive and 

negative event types. Nevertheless, the core research question of this study (whether or not 

emotional facial mimicry can be assessed by using EMG and WCLC) can still be answered 

by the data. For example, the findings in the “warm up” phase in which the participants did 

not yet know whether they would start with positive or negative stories did not differ from the 

general findings in terms of finding Zygomaticus (smiling) mimicry (p < .001; d = 1.08) but 

not Corrugator (frowning) mimicry (p = .60; d = 0.10) when comparing to pseudo-

interactions. Moreover, the warm up period seems to be a good proxy in terms of mimicry of 

Zygomaticus movements in the interaction overall. Across the various interactional phases, 

Zygomaticus (smiling) mimicry showed a Cronbach’s α = .93. The corrected item-to-scale 

correlation of the warm up period with respect to the overall emotional facial mimicry in the 

interaction was r = .87 for Zygomaticus. Thus, the order of valence blocks does not seem to 

have influenced the feasibility and validity of the analytic approach presented in this study.  

The WCLC approach presented here could be used to address research questions on 

how the temporal dynamics of emotional facial mimicry in dyadic interactions are affected by 

experimental manipulations (such as valence) or inter-individual differences related to 

interpersonal behavior, such as social cognition (Heerey, 2015). Another important 

unanswered research question that could be addressed is how the temporal dynamics affect 

the quality of social interactions. This may be particularly indicated for investigations aiming 

at understanding social interaction skills deficits in clinical populations, in which facial 
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mimicry deficits might play a role, such as depression (Wexler, Levenson, Warrenburg, & 

Price, 1994), autism (McIntosh, Reichmann-Decker, Winkielman, & Wilbarger, 2006), or 

schizophrenia (Varcin et al., 2010). Moreover, WCLC is not restricted to EMG data and also 

likely to provide valid results for other methods measuring facial expressions such as 

automated tracking of facial expressions from video recordings of classical two-dimensional 

cameras (Messinger et al., 2009) or newly from three-dimensional depth cameras (e.g. Zhang, 

2012). 

In sum, the findings provide good evidence to support using behavior time series 

analysis, and WCLC in particular, for quantifying the temporal dynamics of facial expression 

synchrony. WCLC largely maintains the temporal resolution of the input data, relies on an 

objective assessment of movements, offers a high signal-to-noise ratio, and provides high 

construct validity. Using the analysis, this study for the first time was able to provide EMG 

data derived from face-to-face interactions that support a rapid, presumably anticipated, 

synchronization of smiles within 200 ms. The method could be used to investigate this 

phenomenon in more depth in both healthy and clinical populations. Studies 2 and 3 of this 

dissertation will thus make use of this method. 
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Chapter 4: Study 2 – Towards an understanding of the interpersonal consequences of 

expressive negative symptoms associated with schizophrenia 

4.1. Introduction 

In chapter 1 it was presented that social impairments in schizophrenia are strongly 

related to the negative symptoms (Bowie et al., 2008; Couture et al., 2011) that are comprised 

of  motivational and expressive negative symptoms (Horan et al., 2011; Strauss, Hong, et al., 

2012b). Motivational negative symptoms were defined in chapter 1 as a lack of motivation to 

engage in pleasant activities along with a diminished recollection and anticipation of 

receiving pleasure from such activities. Expressive negative symptoms were defined in 

chapter 1 to be comprised of reductions in several domains of nonverbal communication, 

such as facial expressiveness, vocal prosody, gesturing, and quantity of spoken words (Horan 

et al., 2011). Motivational negative symptoms such as social anhedonia have long been 

discussed as a risk-factor for the onset of psychosis (Chapman, Chapman, Kwapil, Eckblad, 

& Zinser, 1994; Gayer-Anderson & Morgan, 2013; Kendler, Thacker, & Walsh, 1996) and 

have been shown to relate to lower social functioning even in non-clinical samples 

(Blanchard et al., 2011; Corcoran et al., 2011). Expressive negative symptoms are also 

discussed to predate the onset of psychosis (Piskulic et al., 2012; Schiffman et al., 2004; 

Walker et al., 1993). However, little is known about how expressive negative symptoms 

affect social outcomes, neither in clinical nor in non-clinical samples (Lavelle et al., 2014). 

Because expressive negative symptoms are inherently reductions in nonverbal 

behavior, they should negatively affect everyday interactions and on the far end increase the 

likelihood of being rejected by interaction partners, a precursor of diminished social networks 

(Back, 2015; Hooley, 2010; Thorup et al., 2006). This is supported by evidence showing that 

the interaction partners of patients with schizophrenia respond negatively to reductions in 

nonverbal behavior (Krause, Steimer, Sänger-Alt, & Wagner, 1989; Lavelle, Dimic, 
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Wildgrube, McCabe, & Priebe, 2015; Lavelle et al., 2013; Penn et al., 2000; Riehle et al., 

2015). Since expressive negative symptoms have been shown to play a minor part in 

explaining more globally assessed social functioning in schizophrenia (Galderisi et al., 2014) 

they may particularly affect early outcomes of face-to-face interactions, such as being liked 

by the interaction partner. The formation of mutual liking between interaction partners, in 

turn, is known to heavily rely on conveying positivity via facial expressions (Tickle-Degnen 

& Rosenthal, 1990, cf. section 1.4). It might be this conveying of positivity that is impaired in 

people with expressive negative symptoms: Positive facial expressions rather than negative 

facial expressions have been found to be affected by the reduced emotional expression both 

in schizophrenia (Blanchard et al., 2004; Kring & Moran, 2008; Mattes et al., 1995) and in 

non-clinical samples (Leung et al., 2010; Llerena et al., 2012). However, a reduction in 

positive facial expressions has not yet been investigated as a possible behavioral marker of 

expressive negative symptoms in relation to the liking that is formed in a face-to-face 

interaction.  

Another important aspect of mutual liking that was defined in chapter 1 is the 

synchronization of movements between interaction partners or behavioral mimicry (Lakin & 

Chartrand, 2003; Tickle-Degnen & Rosenthal, 1990) and recent studies have shown that 

people with schizophrenia exhibit deficits both in the voluntary and spontaneous mimicry of 

body movements (Kupper et al., 2015; Lavelle, 2011; Raffard et al., 2015; Varlet et al., 2012). 

These deficits have been found to be associated with negative symptoms (Kupper et al., 

2015), to be associated with more negative social evaluations of patients (Lavelle, 2011)
10

, 

and to be present in un-affected relatives of people with schizophrenia (Del-Monte et al., 

2013). Synchronization of expressive facial movements is also known as emotional facial 

mimicry (Hess & Fischer, 2013, cf. section 1.5). Whether or not synchronization of facial 
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expressions is impaired in schizophrenia is unclear, since the only two studies on facial 

mimicry produced conflicting results and did not assess facial expressions within social 

interactions (Kring et al., 1999; Varcin et al., 2010). 

Taken together, the evidence suggested that expressive negative symptoms could 

negatively affect face-to-face interactions and their social outcome through a lack of the 

amount of shown and synchronized positive facial expressions and that this basic mechanism 

should also be observable in non-clinical samples. Study 2 therefore tested the following 

hypotheses: 

1. In a non-clinical sample, expressive negative symptoms are reflected in reduced 

facial expression and emotional facial mimicry within a dyadic face-to-face 

interaction. 

2. Expressive negative symptoms trigger more negative evaluations on sides of the 

interaction partner. 

3. Reduced smiling behavior (reduced amounts of positive expressions and of 

mimicry of smiles) would be associated with more negative evaluations by the 

interaction partner. 

4. Negative symptoms and reduced smiling behavior would be reflective of 

diminished social support networks 

 

4.2. Methods 

4.2.1. Sample 

Study 2 analyzed the same sample analyzed in study 1 and as has been described in 

section 3.2.1. That is, data of 30 dyadic interactions (N = 60) were analyzed in study 2. Table 

                                                                                                                                                        
10

 Negative symptoms were not associated with the synchronization deficit in Lavelle’s (Lavelle, 2011) 

study, but were associated with the social evaluation. 
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3 (cf. section 4.3) gives an overview on sample characteristics and the distribution of the 

different measures used in study 2. 

4.2.2. Materials and Instruments  

In addition to the assessments described in section 3.2.2 that ruled out a clinical 

diagnosis and tested for sufficient verbal IQ, several instruments were used to test the more 

clinically focused hypotheses of study 2. 

4.2.2.1. Clinical Assessment Interview for Negative Symptoms 

Negative symptoms in all participants were assessed with the Clinical Assessment 

Interview for Negative Symptoms (CAINS; Kring et al., 2013), a semi-structured interview 

that assesses negative symptoms as impairments in “Motivation and Anticipation of Pleasure” 

(CAINS-MAP) and “Expressiveness” (CAINS-EXP). Based on the information given by 

participants in the interview, the CAINS-MAP subscale assesses the motivation to engage in 

social, vocational, and recreational activities, as well as the amount of pleasure people 

recollect and anticipate to receive from these activities. The observer-rated CAINS-EXP 

subscale explicitly assesses reductions in the domains of facial expressiveness, vocal prosody, 

gesturing, and quantity of speech. The CAINS-MAP subscale includes nine items and the 

CAINS-EXP subscale four items. Each item is rated from 0 (= no impairment) to 4 (= severe 

impairment) according to detailed anchor points and sum scores are calculated for each scale. 

Three trained raters conducted the CAINS interviews with the participants (inter-rater 

reliabilities were .75 for CAINS-MAP and .72 for CAINS-EXP). 

4.2.2.2. Social Phobia Scale & Social Interaction Anxiety Scale 

Social anxiety was assessed with the Social Phobia Scale and the Social Interaction 

Anxiety Scale (SPS/SIAS; Stangier, Heidenreich, Berardi, Golbs, & Hoyer, 1999). Both 

scales consist of 20 items which can be rated on a 5-point agreement scale from 0 (= “not at 

all accurate”) to 4 (= “completely accurate”). The items in the SPS tap general socially 
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phobic situations such as being in public and the center of other people’s attention, whereas 

the SIAS taps social anxiety related specifically to social interactions. Sum scores for each 

scale were calculated. 

4.2.2.3. Social Support Questionnaire 

The size of and satisfaction with the social support network was assessed with the 6-

item version of the Social Support Questionnaire (SSQ; Leppin, Quast, & Sarason, 1986). 

The items in this questionnaire consist of questions such as “Whom can you count on to 

console you when you are very upset?”. In the German version used here, these items were 

translated as first person statements in the form of “When I am very upset, I can count on the 

following people to console me”. Each item consists of two different parts, one assessing 

social network size and one satisfaction with the social support network. First, the participant 

is asked to fill in the initials of up to eight different people or to check “no one” (social 

support network size). Second, the participant is asked to estimate the degree to which the 

support is helpful for him/her (social support network quality) on a 4-point Likert scale from 

1 (= “not at all”) to 4 (= “very much”). Social support network size was calculated by 

summing all different people named across the six items (possible range 0-64). Satisfaction 

with the social support network was calculated by summing the answers of all quality items 

(possible range 6-24). 

4.2.2.4. Willingness to Interact Scale 

The Willingness to Interact Scale (WILL; Coyne, 1976) is a validated 6-item scale for 

the assessment of the willingness of a person to interact with a specified other person. It was 

chosen to capture the social outcome (rapport) after the face-to-face interactions. Items (e.g. 

“How willing would you be to ask this person for advice”) are rated on a 5-point Likert scale 

ranging from 1 (= “definitely willing”) to 5 (= “definitely unwilling”). For this study, a 

seventh item “How willing would you be to get to know the person better?” was additionally 
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included. Participants completed the WILL after the face-to-face interactions and the 

questions targeted their interaction partner. The sum of the reverse-scored items was used as a 

participant’s social evaluation of the interaction partner. Higher scores thus represented more 

willingness for future interactions with the interaction partner and the internal consistency of 

this sum score was Cronbach’s α = .88. 

4.2.2.5. Electromyography measurement of facial expressions 

Facial EMG was measured as described in section 3.2.4. The EMG activations of two 

muscle sites per participant were recorded throughout the dyadic interactions: Zygomaticus 

Major (smiling) and Corrugator Supercilii (frowning). 

4.2.3. Procedure 

The procedures of the study have been described in section 3.2.3. That is, the 

symptom rating and the assessment of inclusion criteria was conducted on a separate day 

before the participants engaged in a dyadic face-to-face interaction. EMG was measured 

continuously throughout the interactions form both dyad members. The interactions consisted 

of the discussion of a positive and negative life event per participant and an initial warm up 

period and a subsequent cool down period. After the interactions, participants evaluated each 

other with the WILL. 

4.2.4. Data analysis 

4.2.4.1. Handling of the dyadic data structure 

In this section, some basic terms and concepts in the analysis of dyadic data will be 

presented in accordance with Kenny, Kashy, and Cook (2006), who are a standard reference 

in for the analysis of data derived from dyads. Study designs that look at interpersonal 

outcomes of dyadic interactions produce nested data in which individual participants 

represent level-1 units nested within dyads that represent level-2 units. Accordingly, here, 

level 1 will also be referred to as the individual level and level 2 as the dyad level. In such a 
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study design, measures that were derived once the interaction had started (i.e. EMG-data and 

social evaluation with the WILL) have to be considered non-independent, meaning that both 

dyad-members are assumed to have contributed to any outcome on the individual level. That 

is, the interactional behavior of person A will never be independent of the behavior of person 

B and vice versa. In contrast to this, all measures obtained before persons A and B first 

interact with one another, may be considered independent, if the two people forming a dyad 

do not have an a priori relationship with one another (as for example in studies on family 

interactions). Non-independence may be statistically tested for, but Kenny (2015) argues that 

a test for non-independence in samples of less than 35 dyads (as is the case in this study) 

lacks sufficient power. Kenny for such cases suggests assuming that there is non-

independence in the data. This non-independence has to be accounted for in the analyses 

because otherwise the assumption of independent observations (or uncorrelated residuals) in 

standard inferential statistics such as ANOVA or regression would be violated. 

One solution to the problem of non-independence is to understand the dyadic data 

structure as a repeated measures design. Consider an example, where the focus of a study was 

the difference between people of a group A and people of a group B that had formed dyads 

consisting of one group member each. Group then would represent a within-subject factor on 

the dyad level. Obviously, such an analysis is only feasible when there is a grouping factor 

that distinguishes persons A and B within the dyad. For example, when interactions of 

heterosexual couples were investigated, the two people forming a dyad would be 

distinguishable by their sex (cf. Kenny et al., 2006). If, however, no such distinguishing 

factor was present, as is the case in this study where same-sex dyads were investigated that 

were not grouped any further, the two individuals forming the dyad are labelled 

indistinguishable. In contrast to this, study 3 (section 5) involved distinguishable dyads and 

the handling of the data structure specific to study 3 will be presented in section 5.2.5. Study 
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1 looked at emerging effects only at the dyad-level (synchrony between the two interaction 

partners), which is why non-independence did not have to be accounted for in study 1. 

Since in study 2, non-independence had to be accounted for for indistinguishable 

dyads, two of the approaches suggested by Kenny and colleagues (2006) for the analysis of 

indistinguishable dyads will be presented. Both approaches aim at accounting for the non-

independence in the data by accounting for the dyad-level when analyzing outcomes obtained 

on the individual level (e.g. social evaluation with the WILL) and build on one another. First, 

if one is interested in investigating bivariate correlations that include at least one non-

independent variable, the individual scores of the two dyad members may be summed for 

both variables and the within-dyad sums may then be calculated (Kenny et al., 2006). This 

approach is particularly useful to gain a descriptive overview on the data structure but on the 

other hand is rather imprecise because summing the variables removes possibly important 

parts of the within-dyad variance.  

Second, as an alternative to a regression analysis Kenny and colleagues (2006) 

suggest estimating the individual contribution of each dyad-member to an individual outcome 

via actor and partner effects in the so called Actor-Partner-Interdependence Model (APIM; 

Kashy & Kenny, 1999; Kenny et al., 2006). In the APIM, the contributions of both persons A 

and B (predictors) to the outcomes of both persons A and B (criterion) are modelled 

reciprocally. The actor effect models the contribution of the characteristic of a person (the 

actor) on a predictor X to the characteristic of that same person on a criterion Y. The partner 

effect models the contribution of the characteristic of the interaction partner on that same 

predictor X to the characteristic of the actor on the criterion Y. For example, in this study, 

social evaluation with the WILL is hypothesized to be predicted by the CAINS-EXP score of 

the interaction partner. Thus, a significant partner effect would be expected here. Figure 6  
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Figure 6. Conceptual illustration of the Actor-Partner Interdepence Model [46] for 

indistinguishable dyads modelled with multilevel modelling. Because there is no theoretically 

meaningful distinction between the two interaction partners, the crossing arrows represent a 

single partner effect and the straight arrows a single actor effect. These effects are modelled 

reciprocally in a single analysis. CAINS-EXP = Clinical Assessment Interview for Negative 

Symptoms; WILL = Willingness-To-Interact Scale; p1 and p2 refer to person 1 and 2 within a 

dyad. 

illustrates a basic APIM for this example. Note that both dyad members at the same time 

contribute to the actor effect (prediction of their own outcome) and to the partner effect 

(prediction of the partner’s outcome) and that these effects are modelled reciprocally. Kenny 

and colleagues (2006) suggest multilevel modelling (MLM) for the estimation of the APIM in 

indistinguishable dyads. SPSS (IBM corp., NY, USA) may be used to estimate the APIM with 

MLM. Kenny and colleagues suggest that subjects, nested within dyads, are set as repeated 

measures, and both the actor and partner scores of a predictor are used for modelling the 

criterion. Compound symmetry is used as the structure of the variance-covariance matrix to 

account for equally distributed random intercepts across dyads. The effect sizes of the 

predictors in the model (i.e. of the actor and the partner effect, respectively) can be calculated 

by converting the t-values of the MLM parameter estimation to r via the transformation 
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� = � ��� + �²⁄ . This r-value represents the effect of the predictor after controlling for the 

effect of the other predictor in the model, for example the actor after controlling for the 

partner effect. A correction for the degree of non-independence in the data then has to be 

applied to this effect size (Kenny et al., 2006). If the non-independence is rather low the 

results of the MLM will approach the results of a linear multiple regression. The results will 

diverge from the results of a linear multiple regression with increasing non-independence. 

Thus, modelling the APIM with MLM is advisable when non-independence may play a role, 

as is the case in this study. The APIM for indistinguishable dyads can be modelled with MLM 

using SPSS and a publicly accessible SPSS macro written and provided for by Kenny (2011).  

4.2.4.2. Quantification of facial expressions via EMG 

The preprocessing of the EMG signals that were continuously recorded throughout 

the interactions has been described in section 3.2.5. That is, the rectified and smoothed 

(RMS) EMG-signals were normalized to a range of 0 to 1 using min-max normalization. 

However, in addition to that, a baseline activation level was calculated as the mean of the 10 s 

period with the smallest standard deviation in each muscle-site’s data. A threshold then was 

set at this mean plus three standard deviations and a baseline correction was applied to the 

normalized EMG time-series using this threshold. The resulting baseline corrected EMG 

time-series were used to calculate the overall mean of the time-series as the level of 

activation of a muscle-site. By this a single value was obtained for the amount of 

Zygomaticus (smiling) and Corrugator (frowning) activation for each participant. 

4.2.4.3. Quantification of emotional facial mimicry 

The WCLC analysis performed in this study has been described in section 3.2.6. 

However, as Corrugator (frowning) mimicry was not detected in the analyses of study 1, only 

Zygomaticus (smiling) mimicry was used in study 2. Additionally, in contrast to study 1, in 

study 2 the mean score of emotional facial mimicry were calculated separately for positive 
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and negative time lags. Note that, as outlined in section 3.2.6, correlations occurring at 

positive and negative time lags represented dyad-member 2 mimicking dyad-member 1 and 

correlations at negative time lags represented dyad-member 1 mimicking dyad-member 2. 

This resulted in a single average Fisher-Z transformed correlation per participant representing 

the overall degree of smiling being mimicked by this participant. By this, Zygomaticus 

(smiling) mimicry was assessed on the individual level (cf. section 4.2.4.1). 

4.2.4.4. Hypothesis testing 

In a first analysis step, descriptive statistics and bivariate correlations of sample 

characteristics and outcome variables were examined. Correlations that involved a non-

independent variable were calculated on the dyad-level only (cf. section 4.2.4.3). Pearson 

correlations were calculated, but Spearman-Rank correlations were chosen for skewed 

variables. 

In a second step, to judge whether a person’s negative symptoms or the negative 

symptoms of their interaction partner influenced the interpersonal outcomes, actor and 

partner effects were analyzed (cf. section 4.2.4.3). This analysis is the preferred method to 

assess the individual contribution of each dyad-member to an individual outcome (Kenny et 

al., 2006; Nestler, Grimm, & Schönbrodt, 2015). The contribution of a person’s expressive 

negative symptoms to an interpersonal outcome (Zygomaticus/Corrugator activity, 

Zygomaticus (smiling) mimicry, evaluation of partner with the WILL) was defined as the 

actor effect and the contribution of the respective partner’s expressive negative symptoms to 

the outcome as the partner effect (see Figure 6). According to the hypotheses, predominant 

negative actor effects of CAINS-EXP on the two EMG-activation variables and a 

predominant negative partner effect of CAINS-EXP on the social evaluation with the WILL 

were expected. Because of the expectation that reduced smiling behavior would be associated 

with the social evaluation, actor and partner effects were also examined of Zygomaticus 
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activity and Zygomaticus (smiling) mimicry on the WILL. Additionally, possible actor and 

partner effects on the interactional outcomes of CAINS-MAP and of the social support 

network size and quality measures were explored. The aforementioned macro by Kenny 

(2011) was used to model the respective effects, which were expressed as r (cf. section 

4.2.4.3). All predictors were centered to the grand mean. All inferential statistics were tested 

at an α-level of p = .05. Medium to large effects could be detected with a power of 80% given 

the sample size of 30 dyads (N = 60). 

 

4.3. Results 

4.3.1. Before the dyadic interaction: Negative symptom profiles and 

conversation content  

Negative symptom levels as assessed with the CAINS were generally low (see Table 3 

for means). Concerning CAINS-EXP, 53% of participants did not show any impairment (= 

score of 0; range 0–7). On CAINS-MAP, 60% of participants scored a value of 4 or lower 

(range: 0–24). The intensity ratings of both positive and negative events were unrelated to 

either CAINS-MAP (positive: r = .04; p = .75; negative: r = .03; p = .85) or CAINS-EXP 

(positive: r = .01; p = .94; negative: r = .10; p = .48).  

4.3.2. On the dyad level: Correlations of symptom ratings, social behavior, and 

social evaluation 

Table 3 shows descriptive statistics and inter-correlations of the variables. As can be 

seen, on the dyad-level, CAINS-EXP was not related to either Zygomaticus or Corrugator 

activity, was negatively associated with Zygomaticus (smiling) mimicry on trend-level, and 

was significantly negatively correlated with the social evaluation (WILL) and with 

satisfaction with the social support network. Of note, CAINS-MAP scores were significantly 
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Table 3  

Descriptive statistics and inter-correlations of demographics, symptom assessments, social behavior, and social evaluation 

  M (SD) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 

1. Age 35.1 (12.2) –           

2. Years of education 16.1 (3.09) -.01 –          

3. CAINS-MAP
 a
 5.07 (4.65) .13 .04 –         

4. CAINS-EXP
 a
 1.42 (1.88) .19 .02 .67** –        

5. SPS
 a
 7.29 (5.39) -.09 -.15 -.09 -.04 –       

6. SIAS
 a
 14.9 (7.68) -.07 -.17 .10 .06 .70*** –      

7. SSQ network size
 a
 7.18 (3.22) -.33* .24

†
 -.28* -.14 .12 -.08 –     

8. SSQ quality
 a
 21.5 (2.36) -.06 .11 -.39** -.32* -.16 -.25

†
 .11 –    

9. Zygomaticus activity
 a, b

 0.11 (0.06) -.70** -.21 -.34
†
 -.29 .11 -.03 .10 .20 –   

10. Corrugator activitiy
 a, b

 0.03 (0.02) .24 -.18 .10 .07 .06 -.06 -.28 -.04 .04 –  

11. Smiling mimicry
 a, b

 0.21 (0.09) -.41* -.21 -.47* -.32
†
 .10 -.10 .25 .55** .47* -.14 – 

12. WILL
 b
 23.5 (4.56) -.02 .16 -.33

†
 -.44* -.15 -.13 -.08 -.02 -.06 .17 -.05 

Note. CAINS-MAP = Clinical Assessment Interview for Negative Symptoms, Motivation and Anticipation of Pleasure subscale; CAINS-EXP = 

CAINS Expressiveness subscale; SPS = Social Phobia Scale; SIAS = Social Interaction Anxiety Scale; SSQ = Social Support Questionnaire; 

WILL = Willingness-to-interact scale.
a 
Correlations are Spearman-Rank Correlations. 

b 
Correlations were calculated on the dyad-level and are based on n = 30 dyads. Means and SDs of these variables refer to the individual level.  

† 
p < .10; * p < .05; ** p < .01; *** p < .001 
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negatively associated with smiling behavior (significant for Zygomaticus (smiling) mimicry; 

trend-level for Zygomaticus activity) and with smaller and less satisfying social support 

networks. CAINS-MAP was also related to the social evaluation with the WILL on trend-

level. Additionally, higher age was associated with less smiling behavior in the interactions 

and with smaller social support networks. None of the social behavior variables were related 

to the WILL, but Zygomaticus (smiling) mimicry was significantly positively associated with 

participants’ satisfaction with their social support network. 

4.3.3. On the individual level: Predictors of interactional outcomes  

As can be seen in Table 4, the results of the MLM of the Zygomaticus activity on the 

individual level showed a trend-level significant actor effect (p = .08) and no partner effect (p 

= .77) for CAINS-EXP. Thus, participants scoring higher on CAINS-EXP showed somewhat 

less Zygomaticus (smiling) activity in the face-to-face interaction. There was neither an actor 

nor a partner effect of CAINS-EXP on Corrugator activity. There was, however, a significant 

negative partner effect of CAINS-EXP on Zygomaticus (smiling) mimicry (p = .03) in that 

interaction partners of participants rated higher on CAINS-EXP mimicked fewer smiles. 

Regarding the social evaluation with the WILL, the MLM analysis showed a significant 

negative partner effect (p = .01) and no actor effect (p = .41) of CAINS-EXP. Thus, 

participants reported less willingness for future interactions with their interaction-partners 

when their interaction partners were rated higher on CAINS-EXP. There were no significant 

actor or partner effects of Zygomaticus activity or smiling mimicry on the WILL. 

As also shown in Table 4, the analyses of the CAINS-MAP showed significant 

negative actor (p = .02) and partner (p = .01) effects for Zygomaticus (smiling) mimicry, so 

that higher CAINS-MAP scores were related to both mimicking smiles less and being 

mimicked less. CAINS-MAP was unrelated to either Zygomaticus or Corrugator activity. A 
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Table 4 

 

Coefficients (r) for actor and partner effects of negative symptoms and of social support on the interactional outcomes. 

  CAINS-EXP
 

  CAINS-MAP
 

  SSQ network size
 

 
 

SSQ quality
 

 

 actor partner actor partner actor partner actor partner 

Zygomaticus activity -.24
† 

.04 -.22 -.22 .06 .06 .19 -.03 

Corrugator activity -.03 -.09 -.08 -.08 -.10 -.03 -.02 -.12 

Smiling mimicry -.15 -.27* -.26* -.31** .25
†
 .15 .24* .29* 

WILL -.10 -.37** -.14 -.26* -.08 .03 .08 -.01 

Note. CAINS-EXP/-MAP = Clinical Assessment Interview for Negative Symptoms expressiveness scale/motivation and anticipation of pleasure 

scale; SSQ = Social Support Questionnaire; WILL = Willingness-to-Interact Scale. 

† p < .10; * p < .05; ** p < .01 
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negative partner effect (p = .04) of CAINS-MAP on the WILL emerged, resembling the effect 

of CAINS-EXP but with a smaller effect size. Social support network size was somewhat 

related positively with mimicking smiles of the interaction partner, as indicated by a trend-

level significant positive actor effect (p = .07). Satisfaction with the social support network 

showed significant positive actor (p = .04) and partner (p = .02) effects for Zygomaticus 

(smiling) mimicry, so that higher satisfaction with the social support network related to the 

participant mimicking more smiles and being mimicked more by their interaction partner. 

 

4.4. Discussion  

This study examined, in a non-clinical sample, whether expressive negative symptoms 

impede face-to-face interactions and thus have negative interpersonal consequences. 

Additionally, the role of reduced smiling behavior in this process as a potential behavioral 

marker for expressive negative symptoms was examined. As expected, participants were less 

motivated in future interactions with their interaction partner if this partner exhibited higher 

expressive negative symptoms. Smiling behavior (i.e. amount of smiling and mimicry of 

smiles) in the interactions was somewhat related to expressive negative symptoms, but also 

explained by motivational negative symptoms. Unexpectedly, smiling behavior was not 

related to the social evaluation by the interaction partners. Both negative symptom domains 

and mimicry of smiles were, however, related to participants’ satisfaction with their social 

support network. 

The finding that interaction partners showed less willingness for future interactions 

with participants scoring higher on expressive negative symptoms was robust even though 

symptom levels were low. This mechanism could add to explaining how reduced 

expressiveness before the onset of psychosis (Piskulic et al., 2012; Schiffman et al., 2004; 

Walker et al., 1993) might contribute to the deterioration of common prodromal symptoms 
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such as withdrawal, loneliness, and reduced social functioning by a reciprocal process: Being 

rejected by others will likely terminate an acquaintance on sides of the rejecting person and at 

the same time might trigger lower motivation for future interactions (even with other people) 

in the rejected person.  

The negative effect of expressive negative symptoms on the willingness for future 

interactions can be best explained by the fact that the social interactions in this study 

constituted a first encounter, thus an affiliative situation. In this type of situation, affiliation is 

usually expressed by displays of positivity and openness (Tickle-Degnen & Rosenthal, 1990). 

Expressive negative symptoms likely resulted in reductions of these necessary displays, thus 

leading to rejection by interaction partners. However, it could not be confirmed that smiling 

behavior mediates the relationship between expressive negative symptoms and negative 

social evaluations. Reductions in other nonverbal domains such as gesturing (Walther & 

Mittal, 2016), whole body movements (Kupper, Ramseyer, Hoffmann, Kalbermatten, & 

Tschacher, 2010; Kupper et al., 2015), and tone of voice (Cohen, Alpert, Nienow, Dinzeo, & 

Docherty, 2008; Cohen & Hong, 2011), which are also included in the expressive negative 

symptoms, might have contributed to the more negative social evaluations. This is why 

different nonverbal domains should be investigated jointly in subsequent studies (cf. chapter 

6).  

Especially the reductions in smiling behavior may not have been pronounced enough 

to directly affect the social interactions in this study. As has been recently shown, mimicry of 

smiling has to be considerably missing to negatively affect social situations (Mauersberger, 

Blaison, Kafetsios, Kessler, & Hess, 2015). More pronounced reductions in the mimicry of 

smiles might be expected from people with schizophrenia who exhibit high negative 

symptoms (tested in study 3). Accurately timing smiles appears to involve anticipating the 

smiles of the interaction partner throughout an interaction (Heerey & Crossley, 2013). This 
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anticipation requires effortful social cognition such as affect recognition, theory of mind, and 

affective empathy. All of these are markedly impaired in schizophrenia (Bonfils et al., 2016; 

Green et al., 2015), indicating an empathic deficit, and most likely reflected in the negative 

symptoms (Lincoln et al., 2011). The finding that negative symptoms were related to less 

mimicry of smiles and findings of another study showing that diminished mimicking of 

nonverbal behavior is related to the negative symptoms in schizophrenia (Kupper et al., 2015) 

support this view, which will be elaborated more on in chapter 6. Diminished mimicry of pro-

social nonverbal behavior thus might represent a behavioral marker for negative symptoms 

and diminished reflective social cognition. In this understanding, motivational negative 

symptoms could go along with a lack of effort to anticipate adequate emotional responses 

(i.e. smiles). Expressive negative symptoms on the other hand may reflect a more generally 

reduced expressive output that could relate to a trait-like component of negative symptoms 

(Walther et al., 2015). Considering these distinct processes to account for different portions of 

the social consequences associated with negative symptoms can also explain why significant 

inter-correlations were found between smiling synchrony, both negative symptoms domains, 

and satisfaction with social support.  

It is worth noting that the generalizability of findings from healthy samples is limited 

in terms of understanding clinical samples. Therefore, these findings need confirmation in 

samples with clinical presentations of schizophrenia (cf. study 3). However, using a non-

clinical sample here helped to observe nonverbal correlates of negative symptoms 

independent of a possible influence of antipsychotic medication. This is particularly 

important since antipsychotic medication may interfere with the movement-system of 

potential participants in clinical samples due to extra-pyramidal side effects. Another 

limitation is that an overestimation of the effect of negative symptoms on the social 

evaluation could not be completely ruled out because the raters who conducted the CAINS 
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were not blind to the hypotheses. Strengths of the study include the high ecological validity 

due to the relatively unstructured natural face-to-face interaction and the automatic objective 

measurement of natural facial expressive behavior with EMG.  

In conclusion, motivational and expressive negative symptoms appear to have distinct 

negative interpersonal consequences even in non-clinical samples. For expressive negative 

symptoms, these are likely to be relevant to the development of social isolation and 

negatively affect encounters in the early stages of an acquaintance as well as social support. 

Overall, study 2 highlights that interpersonal behavior needs to be considered in research on 

negative symptoms in schizophrenia and might serve as an outcome measure in treatment 

trials. In this regard, mimicry of smiles may present a behavioral marker for the negative 

social consequences associated with negative symptoms and with an empathic deficit in 

schizophrenia.  
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Chapter 5: Study 3 – The social consequences of aberrant facial expressiveness in 

schizophrenia: A facial EMG study within a social interaction 

5.1. Introduction 

As outlined in chapter 1, there is evidence to assume that people with schizophrenia 

would exhibit diminished levels of emotional facial mimicry and diminished levels of 

affiliative behavior in face-to-face interaction and that this might explain a lack of rapport 

others experience with these people. Study 3 will address this research question. Some of the 

concepts introduced in chapter 1 will therefore be detailed in this section to lead to the 

specific study hypotheses. 

In chapter 1, it had been suggested that interaction partners of people with 

schizophrenia might often experience a lack of rapport and that this may be related to 

patients’ nonverbal behavior (Grube, 2006; Lavelle, 2011; Raffard et al., 2015; Rümke, 

1942). In general, relatively few studies have investigated the social behavior of people with 

schizophrenia in face-to-face interactions (for a review see Lavelle et al., 2014) even though 

impairments in social cognition and social skills deficits are thought to play a major role in 

the disorder (Green et al., 2015). Studies investigating either face-to-face interactions of 

people with schizophrenia or their responses to emotionally evoking stimuli have shown that 

emotional facial expressions are reliably reduced in schizophrenia (Kring & Elis, 2013; Kring 

& Moran, 2008). As presented in chapter 1, studies on face-to-face interactions of people 

with schizophrenia have shown that patients appear to particularly exhibit diminished levels 

of pro-social and affiliative behaviors (Blanchard et al., 2015; Brüne et al., 2008, 2009, Troisi 

et al., 1991, 1998). Interaction partners of people with schizophrenia seem to respond to this 

diminished expression of pro-social behavior with a down-regulation of their own pro-social 

behaviors (Krause et al., 1989; Lavelle et al., 2015). Among the emotional facial expressions, 

smiles are the most obvious affiliative signals (Hess et al., 2000). Thus, smiles can be 
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expected to be lacking in face-to-face interactions of people with schizophrenia, which then 

should be detrimental to the formation of rapport in these interactions (cf. chapter 1, section 

1.4). Furthermore, people with schizophrenia were shown to exhibit difficulties with 

synchronizing their behavior with their interaction partners and that this was related to 

negative symptoms (Del-Monte et al., 2013; Kupper et al., 2015; Lavelle, 2011; Raffard et 

al., 2015; Varlet et al., 2012). The synchronization of emotional facial expressions between 

interaction partners is what has been defined as emotional mimicry (cf. chapter 3, study 1). 

Thus emotional facial mimicry could be diminished in schizophrenia, particularly for 

affiliative expressions (i.e. smiles). Lacking emotional facial mimicry in turn should also be 

detrimental to the formation of rapport in face-to-face interactions (cf. chapter 1, section 1.4).  

Two studies have looked at emotional facial mimicry in schizophrenia so far. The 

first, (Kring et al., 1999) did not find differences between people with schizophrenia and 

healthy controls. The second (Varcin et al., 2010) found diminished emotional facial mimicry 

in schizophrenia in comparison with healthy controls. Both studies investigated participant’s 

facial movements in response to emotional facial expressions presented on a computer screen 

and assessed these movements with EMG. The major difference between the two studies was 

the temporal resolution that was used to quantify the mimicry response. Kring and colleagues 

(1999) averaged Zygomaticus and Corrugator responses, respectively, of their participants for 

the 7 s following the stimulus presentation. By this Kring and colleagues pursued the 

common approach in research on behavioral mimicry that looks at whether a behavior is 

shown more when it is shown more in an interaction partner, however, more or less 

irrespective of the timing of that behavior (cf. chapter 1, section 1.5). Varcin and colleagues 

(2010) on the other hand averaged the EMG response for segments of 100 ms each, covering 

(only) the first 1000 ms after stimulus presentation. A diminished mimicry response for 

patients compared to controls emerged within the first 500 ms after stimulus presentation. 
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These results pointed to a difficulty in the timing of the mimicry response (people with 

schizophrenia responded slower) and underlined the importance of accounting for the timing 

of the behavioral response when investigating emotional facial mimicry in schizophrenia. As 

has been shown in chapter 3 (study 1), the timing of the emotional facial mimicry response 

can be assessed in face-to-face interactions with an analysis method used to quantify 

interpersonal synchrony. 

In chapter 1 it has also been shown that emotional facial mimicry relies on two 

different processes, one reflexive and one reflective in nature. The reflexive component of 

emotional facial mimicry was relying on the mirror neuron system and related to the notion 

that behavior in general is imitated automatically as observed in an interaction partner 

(Chartrand & Lakin, 2013). In accordance with the study of Kring and colleagues (1999), 

recent studies have suggested that the mirror neuron system and the reflexive aspect of social 

cognition may be intact in schizophrenia (Green et al., 2015; Horan, Pineda, Wynn, Iacoboni, 

& Green, 2014). The reflective component of emotional facial mimicry appears to consist of 

an anticipation of the emotional facial expressions of the interaction partner (Heerey & 

Crossley, 2013). Anticipating emotional facial expressions requires an evaluation of the 

social-emotional context of the interaction and emotional facial mimicry is thought to rely on 

such an evaluation (Hess & Fischer, 2013). Affect recognition and theory of mind are 

particularly important in evaluating the socio-emotional context and can be considered 

reflective social cognitive processes that are impaired in schizophrenia (Green et al., 2015). If 

these reflective social cognitive processes are impaired in schizophrenia, impairments in the 

timing of emotional facial mimicry should be a behavioral consequence. The findings of 

Varcin and colleagues (2010), who found that patients showed diminished mimicry responses 

in the first 500 ms after stimulus presentation, are in line with these considerations. It appears 

that particularly the rapid evaluation of socio-emotional context could be impaired in 
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schizophrenia. Accordingly, a deficit in affect recognition might explain diminished 

emotional facial mimicry in schizophrenia. 

Study 3 thus investigated the following hypotheses: 

1. Healthy interaction partners experience less rapport with a person with 

schizophrenia than with another healthy participant. Thus, they evaluate people 

with schizophrenia less positively than they evaluate healthy controls. 

2. People with schizophrenia exhibit less affiliative facial expressions (i.e. smiles 

and mimicry of smiles) in face-to-face dyadic interactions than healthy controls 

and comparable levels of non-affiliative facial expressions (i.e. frowns). 

3. Diminished affiliative facial expressiveness (less smiles and less emotional facial 

mimicry) relates to a less positive evaluation by the interaction partner, accounting 

for the difference between people with schizophrenia and healthy controls. 

4. Higher negative symptoms and lower affect recognition relate to less emotional 

facial mimicry, accounting for the difference between people with schizophrenia 

and healthy controls. 

 

5.2. Methods 

5.2.1. Study design 

Hypotheses 1 and 2 predicted differences in the face-to-face interactions and the 

social evaluations of people with schizophrenia and of healthy controls when interacting with 

a healthy interaction partner. Thus, interactions of healthy participants with a person with 

schizophrenia had to be compared with interactions of healthy participants with another 

healthy participant. In this study, it was therefore opted for a solution in which there was a 

group of healthy interaction partners (IP) that interacted subsequently with both a person with  



 80 

 

Figure 7. Illustration of the one-with-many-design (cf. Kenny et al., 2006), in which each 

interaction partner (IP) interacts with one person with schizophrenia (SZ) and one healthy 

control participant (HC). 

schizophrenia (group SZ) and a healthy control participant (group HC). The two participants 

that IP interacted with were matched so that diagnostic group status (SZ vs. HC) was 

anticipated to be the single distinguishing factor between groups. Study designs in which 

interactions of one participant with more than one other interaction partner are investigated 

were referred to as one-with-many designs by Kenny and colleagues (2006). Figure 7 

illustrates the basic structure of the one-with-many design employed in this study. Note that 

the small letter index n in Figure 7 does not refer to the number of dyads in the study but to 

the number of one-with-many groups in the study, that is the number of IP-SZ-HC triplets. 

Each triplet consists of two dyads, IP/SZ and IP/HC. Thus, the total number of dyads 

observed in the study is 2*n and the total sample size is N = 3*n. The implications of this 

study design for the data analysis are presented in section 5.2.5.3. 

5.2.2. Sample 

A total of 30 IP-SZ-HC triplets were recruited for this sample. That is, 30 people with 

a diagnosis of schizophrenia or schizo-affective disorder were matched with 30 healthy 

control participants (group HC) with respect to sex, age, and approximate years of 
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education
11

. These matched pairs of SZ and HC participants then each were assigned to one 

of 30 IP participants that were of the same sex as the other two participants. Due to technical 

recording failures of the EMG signal in two of those triplets and incompletion of one HC 

participant in one more triplet, n = 27 IP-SZ-HC triplets were analyzed in the study (N = 81). 

The inclusion criteria for all participants were an age of 18-65, a verbal IQ >80, and no life 

time diagnosis of any neurological disorder (based on self-report). Participants in the HC and 

IP groups additionally were required to not have any DSM-IV axis I diagnosis (life time). 

Participants in the SZ group were required to have a diagnosis of either schizophrenia or 

schizo-affective disorder. Furthermore, participants in the SZ group were planned to be 

excluded if they presented too symptomatic to take part in the study (any PANSS positive 

scale item >5; cf. section 5.2.3.2). In fact, none of the participants that were approached for 

the study had to be excluded based on this criterion. 

Both SZ and healthy participants were recruited via (differing) bulletins posted 

throughout the greater city area of Hamburg, Germany, as well as via announcements in local 

online and print media. Because healthy participants should not become aware of the clinical 

focus of the study (to exclude stigmatization from the interactions), bulletins for SZ and 

healthy participants, respectively, were never displayed in the same area of the city at the 

same time. Respondents were then telephone-screened for basic exclusion criteria and 

eligible participants were invited to take part in the study after they had been assigned to a 

triplet. 

5.2.3. Materials and Instruments 

5.2.3.1. Assessments introduced in other sections 

Most of the assessments that were used in study 3 have been introduced either in 

section 3.2 or in section 4.2.2. This includes for the diagnostic assessments the SCID-I used 

                                                 
11

 As will be shown in the results, the matching of years of education was not possible in all cases, 
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to determine diagnostic status due to DSM-IV, the MWT-B used to assess verbal intelligence 

(for both cf. section 3.2.1), and the CAINS used to assess negative symptom severity (for 

these cf. section 4.2.2). For the interaction assessments, this includes the EMG apparatus (cf. 

section 3.2.4), the SPS/SIAS, SSQ, and the WILL (cf. section 4.2.2).  All of these 

assessments were employed in this study exactly as described in the respective sections. The 

assessments specific to study 3 will be introduced in the following. 

5.2.3.2. Positive and Negative Syndrome Scale (PANSS) 

The PANSS (Kay et al., 1987) is a validated observer-rated symptom rating scale that 

assesses the severity of a total of 30 symptoms associated with psychotic experiencing. The 

scale is comprised of three subscales, assessing the positive (positive scale; 7 symptoms 

including hallucinations, delusions) and negative symptoms (negative scale; 7 symptoms 

including flat affect, passive social withdrawal) as well as general psychopathology (16 

symptoms including anxiety, depression). Each symptom is rated based on its severity over 

the proceeding seven days on a scale ranging from 1 (= “absent”) to 7 (= “extreme”) 

according to detailed anchor criteria.  

A rater trained by the PANSS institute rated the PANSS for SZ group participants 

according to information given by the participants in a semi-structured interview. As outlined 

earlier, scoring higher than 5 (= “moderate severe”) on any PANSS positive scale item was an 

exclusion criterion for the study, since suchlike ratings would refer to positive symptoms that 

severely interfere with social interactions (such as responding to voices being heard or 

constantly acting out on delusions). 

5.2.3.3. Neuropsychological assessments 

Neuropsychological tests were selected based on the recommendations by Exner and 

Lincoln (2012). The subtest digit span was taken from the Wechsler Adult Intelligence Scales 

                                                                                                                                                        
since SZ participants presented with generally lower levels of years of education. 
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(Wechsler, 1981) to assess attentional capacity. The Trail-Making-Test A  and B (TMT-A/B; 

Reitan, 1992) assessed processing speed (test A) and set shifting speed (test B). 

5.2.3.4. Affect Recognition Test (ART) 

All participants completed an affect recognition test (ART) as a measure of social 

cognition. For this, participants had to judge for 28 different facial stimuli, which emotion 

was being displayed out of a list of seven emotion categories (anger, disgust, fear, happiness, 

neutral, sadness, and surprise). Photographs of the faces of two male and two female models 

which displayed these different emotions were chosen from the Radboud Faces Database 

(Langner et al., 2010), one per model for each emotion category. Thus in the ART, a total of 

28 stimuli was presented in random order. The ART was constructed in accordance with the 

procedures presented by Streit and colleagues (2001), which were used as an outcome 

measure in treatment trials on affect recognition in schizophrenia (Wölwer et al., 2005; 

Wölwer & Frommann, 2011).
12

 Thus, each trial in the ART started with a fixation cross that 

was presented in the middle of a computer screen for a time period randomly varying 

between 1.6 and 2.2 s. The fixation cross was followed by the presentation of a stimulus for 

500 ms, then by the presentation of a black screen for 1 s, and finally by the presentation of 

all seven emotion categories. Participants then had to select what they thought was the correct 

answer within 8 s. If this time period expired and no answer had been given, the trial was 

counted as a false response. The outcome was the number of overall correct responses 

(possible range 0-28). Participants were given the chance to get used to the task in four 

sample trials for which different models of the same picture set were used that the emotions 

“disgust”, “fear”, “happiness”, and “neutral” were displayed in a random order. 
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5.2.3.5. Self-Assessment Manikins 

The Self-Assessment Manikins (SAMs; Bradley & Lang, 1994) were used to monitor 

of participants’ mood to be able to react in the case of adverse events (severe drop of mood or 

increase of unpleasant arousal). Participants thus indicated on two scales from 1 to 9 whether 

their mood was rather positive or negative (valence dimension) and whether they felt rather 

low or high arousal (arousal dimension). This mood monitoring was obtained once upon 

arrival, once directly before the beginning of the face-to-face interaction and directly after the 

interaction. The corresponding results are presented in Appendix D. For the vast majority of 

the participants (patient and controls) mood did either not change or got better after the 

interaction. 

5.2.4. Procedures 

SZ and HC participants completed two assessment days in the study and IP 

participants completed three assessment days. First, all participants completed the SCID, the 

neuropsychological assessments, the ART, the PANSS (SZ group only), and the CAINS in an 

assessment session that lasted for about 1.5 h for healthy participants (HC and IP groups) and 

about 3h for SZ participants.
13

 Participants were presented with the same cover story as in 

studies 1 and 2 (cf. section 3.2.3).   

The interactions then were carried out on another day. Since IP participants were 

interacting with both SZ and HC participants, respectively, IP participants completed two 

interaction assessments on two separate days. The second interaction assessment for IP 

differed from the first one only in that the SPS/SIAS and SSQ were not part of the 

assessment, that another unknown person was the interaction partner, and that they were 

instructed to talk about the same events as they did in the first interaction. Whether IP 

participants first interacted with a participant from the SZ or the HC group was roughly 

                                                                                                                                                        
12

 Streit et al. (2001) and Wölwer et al. (2005, 2011) had not included a „neutral“ category and thus had 

included 24 facial stimuli. 
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counterbalanced across all IP participants.
14

 The interaction protocol was employed exactly as 

in studies 1 and 2 (cf. section 3.2.3). That is, after a warm up phase, positive and negative life 

events were discussed, which then was followed by a cool down period. Positive and negative 

events were blocked and the order of the valence blocks was counterbalanced within the SZ 

and HC groups. Table 5 shows how the study cases were assigned to the two 

counterbalancing procedures.
15

 

The SPS/SIAS and the SSQ were completed before the interactions. EMG was 

measured continuously throughout the interactions, as presented in studies 1 and 2. 

Accordingly, activity was captured from the Zygomaticus (smiling) and Corrugator 

(frowning) muscles. The participants evaluated each other with the WILL after the 

interactions. During the debriefing, healthy participants were informed that people with  

Table 5. 

Distribution of the study cases across counterbalanced variables 

Dyad 

First or 

second 

interaction? 

 Which event first?   

Positive Negative Total 

IP/SZ 

First 8  4  12  

Second 6  9  15  

Total 14  13  27  

IP/HC 

First 7  8  15  

Second 7  5  12  

Total 14  13  27  

Note: IP = group of interaction partners; SZ = group of people with schizophrenia; HC = 

group of matched healthy controls. 

                                                                                                                                                        
13

 Assessment of SCID-I diagnoses and the PANSS accounted for the difference in duration. 
14

 The sample was not ideally counterbalanced with respect to this variable due to scheduling 

difficulties with the participants. 
15

 Counterbalancing of valence blocks was only performed within the SZ and HC groups, respectively, 

but not in combination with the counterbalancing of whom the IP interacted with first, which resulted in the 

pattern shown in Table 5.  
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mental disorders would also take part in the study but that due to data privacy it could not be 

disclosed whether or not they actually had encountered a participant with a mental disorder. 

5.2.5. Data analysis 

5.2.5.1. Quantification of facial expressions via EMG 

The same approach as has been delineated in section 4.2.4.2 was used in this study. 

Thus, a single score for the overall activation of the Zygomaticus (smiling) muscle and for 

the Corrugator (frowning) muscle per participant per dyad was obtained. 

5.2.5.2. Quantification of emotional facial mimicry 

The same approach as has been delineated in section 4.2.4.3 was employed in this 

study. Thus, a single score for the overall mimicry of Zygomaticus (smiling) activity per 

participant per dyad was obtained. 

5.2.5.3. Handling of the dyadic data structure and hypothesis testing 

As outlined in section 5.2.1, the design of the study can be labelled a “one-with-many 

design” (Kenny et al., 2006) because IP participants (the “one”) interacted with two different 

participants (the “many”), one from each group (SZ and HC). In accordance with Kenny and 

colleagues, the IP may be labelled the focal person in the design, who is bound to two 

partners. The partners in the design of this study are distinguishable by their group status (SZ 

vs. HC). There is non-independence (cf. section 4.2.4.1) because of variance which is due to 

the IP. Thus, if the difference between SZ and HC participants was of interest, the data could 

be analyzed using paired samples t-tests, comparing the scores obtained from IP/SZ and 

matching IP/HC dyads. Hypotheses 1 and 2 were thus tested with paired samples t-tests. 

Separate tests were calculated for the WILL scores given by IP participants targeting either 

SZ or HC, for the Zygomaticus (smiling) activity, for the Zygomaticus (smiling) mimicry, 

and for the Corrugator (frowning) activity. 

Hypotheses 3 and 4 stated that the affect recognition of SZ and HC participants would relate 

to their smiling behavior and that smiling behavior in turn would relate to the IP’s social 
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evaluation. Thus, variables measured at the dyad-level in this study (e.g. SZ’s affect 

recognition), were the predictors of the social outcomes. If covariates are to be included in 

the analysis, the scores for SZ and matching HC participants could be compared in a repeated 

measures ANCOVA where IP/SZ vs. IP/HC dyad is a repeated measures factor. However, in 

an ANCOVA, covariates can only be modelled when IP-SZ-HC triplet is the unit of 

observation (e.g. IP’s age). According to Kenny and colleagues (2006), if covariates are to be 

included for the distinguishable partners in the one-with-many design (e.g. SZ’s and HC’s 

affect recognition), the data may be best analyzed using structural equation modelling (SEM). 

In an SEM modelling a one-with-many-design, “there is a latent variable that causes the score 

for each partner. The variance due to the focal person is contained in this latent variable” 

(Kenny et al., 2006, p. 287). In this study, a latent IP variable was thus used to model the non-

independence in the data when testing hypotheses 3 and 4. The two partners (SZ and HC) 

were the indicator variables of this latent variable. The hypotheses of this study allowed for a 

theory-driven model specification in which the smiling behavior (Zygomaticus activity and 

Zygomaticus mimicry exhibited by SZ or HC participants, respectively) predicted the social 

evaluation by IP participants (WILL of IP targeted on SZ/HC) after the interaction. Moreover, 

the smiling behavior of a person was assumed to be influenced by the social cognition (affect 

recognition) of this person. The two basic SEM models that were specified to test these 

hypotheses in the one-with-many-design of this study are illustrated in Figures 8 and 9. In 

each model, two parameter estimates were tested for significance. In the model in Figure 8, 

the influence of social cognition (affect recognition) on Zygomaticus (smiling) mimicry was 

tested for SZ and HC, respectively. In accordance with the suggestions in Kenny and 

colleagues (2006), equal factor loadings were presumed for the connections of the latent IP 

variable with the indicator variables. In the model in Figure 9 the influence of smiling 

behavior on the IP’s evaluation with the WILL was tested for SZ and HC, respectively. Again,  
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Figure 8. SEM model for the estimation of the influence of affect recognition as assessed 

with the ART on Zygomaticus (smiling) mimicry of people with schizophrenia (SZ) and 

healthy controls (HC), while controlling for the common influence of the interaction partner 

(IP). Zygomaticus (smiling) mimicry in SZ participants is controlled for medication (CPZ = 

Chlorpromazine equivalent dose).
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Figure 9. SEM model for the estimation of the influence of Zygomaticus (smiling) activity 

and mimicry on the Willingness-to-interact scale (WILL) scores by the interaction partners 

(IP) for people with schizophrenia (SZ) and healthy controls (HC), respectively. Smiling 

behavior in SZ participants is controlled for medication (CPZ = Chlorpromazine equivalent 

dose).
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equal factor loadings were presumed for the indicator variables of the latent IP variable. 

Additionally, equal factor loadings were presumed for both indicator variables of the SZ/HC 

latent variable that measured smiling behavior to be able to measure their combined influence 

on the WILL scores given by IP participants. Note, that in both models, SZ’s medication was 

included as a covariate using chlorpromazine (CPZ) equivalents (mg/day) according to 

Woods (2003, 2005) to control for possible motor abnormalities due to antipsychotic 

medication. The analyses were run using IBM SPSS Amos 22. For all models, common fit 

indices (χ²-test, Comparative Fit Index [CFI], Root Mean Square Error of Approximation 

[RMSEA]) were examined to check for the reliability of the estimated parameters. All 

parameters were expressed as standardized β-weights and tested at an α-level of p = .05. 

 

5.3. Results 

5.3.1. Sample characteristics 

Of the 27 analyzed IP-SZ-HC triplets, 15 were all female and 12 were all male 

participants (55.6% female). All other sample characteristics are presented in Table 6 for IP 

participants and in Table 7 for SZ and HC participants. As can be seen in Table 7, within 

triplets, SZ and HC participants did not differ with respect to age and verbal IQ (MWT-B), 

but differed significantly in years of education. Thus the matching of the SZ and HC 

participants appeared to be fairly appropriate. Concerning neuropsychological tests, SZ 

participants performed poorer than their HC matches in the TMT A (slower responses) and 

the digit span, and not significantly poorer in the TMT B. Furthermore, SZ participants 

reported significantly higher social anxiety in the SPS and SIAS. No differences were found 

concerning social network size and satisfaction with the social support network. SZ 

participants also did not perform significantly poorer in affect recognition than HC 

 



 91 

Table 6. 

Sample characteristics for IP participants. 

 M SD 

Age 40.1 13.9 

Years of education 16.3 3.85 

MWT-B 29.9 3.29 

TMT A 26.2 8.61 

TMT B 61.4 17.5 

Digit span 6.74 1.23 

SPS 6.85 3.78 

SIAS 15.3 7.68 

SSQ network size 7.26 3.49 

SSQ network satisfaciton 19.5 4.26 

ART overall correct 20.3 3.66 

CAINS-MAP 5.44 4.66 

CAINS-EXP 1.89 2.15 

Note: MWT-B = Mehrfachwahl Wortschatztest, raw score; TMT A/B = Trail Making Test 

A/B; SPS = Social Phobia Scale; SIAS = Social Interaction Anxiety Scale; SSQ = Social 

support questionnaire; SSQ network size = number of different people named; ART = affect 

recognition test; CAINS-MAP/EXP = Clinical Assessment Scale for Negative Symptoms 

Motivation and Pleasure/Expressiveness Scale. 

participants, but endorsed higher negative symptoms on both CAINS-MAP and CAINS-EXP. 

All but two SZ participants took antipsychotic medication. 

5.3.1. Conversational content 

SZ and HC participants did not differ with respect to the self-reported intensity of the 

events (i.e. how joyful/annoying the event was for them). The intensities were generally rated 

high on the 1-to-9 scaled items by both SZ (positive: M = 7.9, SD = 1.1; negative: M = 6.6; 

SD = 2.1) and HC participants (positive: M = 7.7, SD = 1.4; negative: M = 6.9; SD = 1.6). 

The experimenters noted that in two of the IP/SZ dyads, the SZ participant somewhat 

revealed a patient status. One SZ participant chose for both the positive and the negative 
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Table 7. 

Sample characteristics and difference tests for SZ and HC participants.  

  SZ   HC  
Cohen’s dz 

(SZ>HC)  M SD M SD 

Age 41.7 10.9 43.1 12.3 -0.25  

Years of education 15.1 3.58 17.8 3.95 -0.62 ** 

MWT-B 28.9 3.93 30.2 3.84 -0.25  

TMT A 31.0 11.7 24.9 9.55 0.47 * 

TMT B 76.6 37.9 63.7 24.0 0.26  

Digit span 6.78 1.01 7.52 1.28 -0.40 * 

SPS 18.3 11.1 8.92 6.96 0.74 ** 

SIAS 25.1 10.8 14.8 8.10 0.98 *** 

SSQ network size 7.13 3.79 6.48 2.50 0.04  

SSQ network satisfaciton 20.5 2.32 21.0 2.30 -0.23  

ART overall correct 19.6 4.68 21.3 3.48 -0.27  

CAINS-MAP 12.2 6.32 5.48 4.72 0.78 *** 

CAINS-EXP 3.22 2.76 1.78 1.83 0.45 * 

PANSS positive 16.4 6.66     

PANSS negative 13.2 4.19     

PANSS general 33.8 9.06     

Years since first diagnosis 14.6 10.6     

CPZ 475.1 662.6     

Note: MWT-B = Mehrfachwahl Wortschatztest, raw score; TMT A/B = Trail Making Test 

A/B; SPS = Social Phobia Scale; SIAS = Social Interaction Anxiety Scale; SSQ = Social 

support questionnaire; SSQ network size = number of different people named; ART = affect 

recognition test; CAINS-MAP/EXP = Clinical Assessment Scale for Negative Symptoms 

Motivation and Pleasure/Expressiveness Scale; PANSS = Positive and Negative Syndrome 

Scale; CPZ = chlorpromazine equivalents. Cohen’s d effect sizes and significance values 

refer to paired samples t-tests between matched SZ/HC pairs. 

* p < .05 

** p < .01 

*** p < .001 

event delusional experiences and another SZ participant in the unstructured warm up phase 

talked about receiving a “depot medication in the psychiatry”. These cases were not excluded 

from the general analyses, since they did not particularly refer to schizophrenia or psychosis. 
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Yet, all hypothesis tests were additionally performed excluding these cases and the results are 

reported in Appendix D.  

5.3.2. Differences in facial expressive behavior and social evaluation 

In support of hypothesis 1, IP participants evaluated SZ participants significantly less 

positive on the WILL than the matched HC participants (t(26) = -4.04; p = .005; dz = -0.59). 

Contrary to hypotheses 2, however, there were no significant differences between matched 

SZ and HC participants in terms of facial expressive behavior. SZ participants did not 

activate their Zygomaticus (smiling) muscle (t(26) = -0.84; p = .41; dz = -.16) or their 

Corrugator (frowning) muscle (t(26) = -1.33; p = .20; dz = -0.18) significantly less than HC 

participants. SZ and HC participants also appeared to exhibit comparable levels of smiling 

mimicry (t(26) = -1.08; p = .29; dz = -0.21). All effects were in the negative direction (SZ 

scoring lower on the descriptive mean) and small in size. 

5.3.3. Affect recognition and Zygomaticus (smiling) mimicry 

Figure 10 shows the estimated SEM for the relationship of affect recognition as assessed with 

the ART and Zygomaticus (smiling) mimicry. The model provided fairly acceptable fit 

indices (χ²(5) = 5.20, p = .39; CFI = .95; RMSEA = .04) suggesting sufficient reliability of 

the single parameter estimations. As can be seen in Figure 10, affect recognition predicted 

Zygomaticus (smiling) mimicry significantly in the HC (β = .54; p < .001) but not in the SZ 

group (β = .17; p = .38). Thus, only in the HC group, a better ability to recognize emotional 

facial expressions in the ART was associated with more smiling mimicry in the interactions. 

SZ’s medication (CPZ) did not have a significant influence on SZ’s Zygomaticus (smiling) 

mimicry (β = -.15; p = .46). Variance due to the IP (IP latent variable) in combination with 

HC’s affect recognition explained 44% of the variance in Zygomaticus (smiling) mimicry in 

HC participants. The variance due to the IP (IP latent variable) in combination with HC’s 

affect recognition in additional combination with SZ’s medication explained 28% of the 
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variance in Zygomaticus (smiling) mimicry in SZ participants. Thus it appears that, in healthy 

participants, affect recognition shaped the mimicry behavior above and beyond the influence 

of the IP participant on the interaction, whereas in SZ participants this was not the case. 

 

Figure 10. Estimated SEM model for the influence of affect recognition on Zygomaticus 

(smiling) mimicry for people with schizophrenia (SZ) and healthy controls (HC), while 

controlling for the common influence due to the interaction partner (IP).  

Model fit: χ²(5) = 5.20, p = .392; CFI = .95; RMSEA = .04. 

*** p < .001.  
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5.3.4. Social evaluation and smiling behavior 

Figure 11 illustrates the estimated SEM for the relationship of SZ’s and HC’s smiling 

behavior (Zygomaticus activity and mimicry) with the social evaluation of the IP participants. 

In this model, latent variables represent the smiling behavior of SZ and HC participants. 

These latent variables were used to predict the social evaluations by IP participants. For SZ 

participants, CPZ is included as a covariate and a common IP factor is used to account for the 

non-independence. The model perfectly fit the data (χ²(15) = 10.61, p = .779; CFI = 1.0; 

RMSEA = 0.0) suggesting sufficient reliability of single parameter estimations. SZ’s 

medication did not have a significant impact on the latent SZ variable that was comprised of 

smiling behavior and the social evaluation (β = -.34; p = .135). That is, higher doses of 

antipsychotic medication did not significantly influence smiling behavior and the WILL 

scores negatively. Nevertheless, the combination of the latent IP factor and CPZ explained 

65% of the variance in the latent SZ variable, suggesting that the latent IP factor explained a 

significant portion of this variance. The latent IP factor alone explained 65% percent of the 

variance in the HC latent variable. Thus, in combination with the overall good model fit, 

capturing the variance due to the IP in the latent IP variable appeared to represent the data 

well. Also, the IP participants seemed to contribute to both interactions in a similar way, as 

indicated by positive high factor loadings for both the SZ and the HC latent variable. Smiling 

behavior comprised of Zygomaticus (smiling) activity and mimicry predicted the social 

evaluations by the IP significantly in the SZ group (β = .84; p = .008) and marginally on 

trend-level in the HC group (β = .55; p = .10). More smiling behavior was thus associated 

with a more positive evaluation by the interaction partner after the interaction particularly for 

SZ participants. For SZ participants, smiling behavior explained 71% of the variance in the 

social evaluations by the IP, whereas for HC participants, 30% of the variance in the IP’s 
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Figure 11. Estimated SEM model for the influence of smiling behavior on Willingness-to-

interact scale (WILL) scores given by the interaction partners (IP) for people with 

schizophrenia (SZ) and healthy controls (HC).  

Model fit: χ²(15) = 10.61, p = .78; CFI = 1.0; RMSEA = 0.0. 
† 

p < .10; *** p < .001.  
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WILL scores was explained by smiling behavior. Thus, the IP participants seemingly based 

their social evaluations heavily on the smiling behavior when interacting with SZ 

participants, more so, than when interacting with another healthy participant. Examining the 

critical ratio difference of the intercepts for the IP’s WILL scores for SZ and HC, 

respectively, revealed that the WILL scores were lower for SZ than for HC participants on 

trend-level (z = -1.73; p = .08). This difference test is analogue to a paired-samples t-test (cf. 

section 5.3.3) that controls for the influence of the covariates in the model (here: smiling 

behavior).
16

 These results suggest that, not only the IP’s social evaluation of SZ participants 

relied on SZ’s smiling behavior, but moreover that the difference between the social 

evaluations of SZ and HC participants was substantially accounted for by corresponding 

differences in smiling behavior. 

5.3.5. Additional analyses: Bivariate relationships 

Bivariate relationships of all obtained variables with the social outcomes (WILL, 

Zygomaticus activity, Zygomaticus mimicry) were calculated as exploratory analyses. For 

this, the SEM model in Figure 8 was modified so that the covariate (affect recognition in the 

figure) predicted a social outcome. The resulting β-weights are presented in Table 8. That this 

analysis is analogous to the one presented in section 5.3.4 can be seen when examining the 

results for the influence of affect recognition on Zygomaticus (smiling) mimicry. As can be 

seen in Table 8, also on the bivariate level, smiling behavior was significantly associated with 

the IP’s social evaluation in SZ participants. Zygomaticus (smiling) mimicry was also related 

to the IP’s social evaluation in HC participants. Higher age was related to lower levels of 

Zygomaticus activity in HC participants. In HC participants, negative symptoms assessed 

with the CAINS were related to lower Zygomaticus mimicry. In SZ participants, negative 

symptoms assessed with the PANSS (but not with the CAINS) were related to less 

                                                 
16

 When setting up a comparison model that does not include smiling behavior, this difference test in 
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Zygomaticus activity. Neither patients’ depression nor their medication significantly impacted 

any of the social outcomes. 

5.4. Discussion 

Study 3 examined whether people with schizophrenia would be evaluated less 

positively by their interaction partners as a result of a lack of affiliative facial expressiveness 

and diminished social cognition. For this, emotional facial expressions (smiles and frowns) 

were captured via EMG in natural face-to-face interactions of people with schizophrenia and 

healthy interaction partners. Affiliative facial expressiveness was operationalized as the 

amount of smiles and the amount of reciprocated smiles (smiling mimicry) exhibited in the 

interactions. The results showed that indeed, healthy interaction partners indicated less 

willingness for future interactions with people with schizophrenia than with healthy controls. 

These interaction partners based their judgments on the smiling behavior of SZ participants 

so that more smiling behavior led to more positive evaluations. However, there was no 

genuine reduction in affiliative facial expressiveness in people with schizophrenia. Mimicry 

of smiling in healthy participants but not in participants with schizophrenia was explained by 

the ability to recognize emotional facial expressions (affect recognition).  

Less willingness for future interactions with people with schizophrenia than with 

matched healthy controls was expressed by the interaction partners by a large effect size (dz = 

-0.59). That this effect emerged despite the fact that the evaluating interaction partners were 

unaware of the patient status of their counterparts strongly suggests that aberrant social 

behavior was the leading cause in these judgments. This is in line with a study by Penn and 

colleagues (2000), who had shown that the social distance desired towards people with 

schizophrenia was related to how “strange” their behavior was evaluated by independent  

                                                                                                                                                        
fact yields a significant result (z = 3.08; p = .002), resembling the result of the paired samples t-test in section 

5.3.3.  
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Table 8. 

Regression coefficients (β-weights) for bivariate regressions on the social outcomes, accounting for non-independence due to IP. 

  SZ   HC  

 WILL by IP Zyg. Activity Zyg. Mimicry WILL by IP Zyg. Activity Zyg. Mimicry 

Age -.10  -.04  -.16  -.27  -.59 *** -.44 * 

Years of education .10  .22  -.01  .29  -.22  -.09  

MWT-B .09  -.11  .18  -.24  -.32 
†
 -.20  

TMT A -.22  -.08  -.22  -.04  -.15  -.33 
†
 

TMT B -.16  -.16  -.25  .04  -.07  -.44 * 

Digit span .26  .10  .10  .15  .05  .42 * 

SPS -.34 
† 

-.26  .01  -.31 
†
 .00  .04  

SIAS -.31 
†
 -.16  .23  -.17  .13  .10  

SSQ network size .26  .24  .10  .19  .35 
†
 .16  

SSQ network satisfaciton -.03  .26  .15  -.11  .37 
†
 .09  

ART overall correct .33 
†
 .18  .17  .25  .35 

†
 .54 ***  

Zyg. Activity .52 ** -  .38 * .32 
†
 -  .18  

Zyg. Mimicry .40 * -
 b
 -  .39 * - 

b
 -  

CAINS-MAP -.05  -.13  .24  -.25  -.24  -.48 ** 

CAINS-EXP -.09  -.30  -.30 
†
 -.30 

†
 -.07  -.43 ** 

PANSS positive -.18  -.15  .08        

PANSS negative -.25  -.46 ** -.28        

PANSS general -.24  -.09  -.03        

PANSS item G6 Depression -.11 
 

-.02  .06        
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Table 8 continued. 

  SZ   HC  

 WILL by IP Zyg. Activity Zyg. Mimicry WILL by IP Zyg. Activity Zyg. Mimicry 

Years since first diagnosis
 a
 .46 

†
 .06  .26        

CPZ -.31 
†
 -.13  -.20        

Note: WILL = Willingness-to-interact scale; Zyg. = Zygomaticus; MWT-B = Mehrfachwahl Wortschatztest, raw score; TMT A/B = Trail Making 

Test A/B; SPS = Social Phobia Scale; SIAS = Social Interaction Anxiety Scale; SSQ = Social support questionnaire; SSQ network size = number 

of different people named; ART = affect recognition test; CAINS-MAP/EXP = Clinical Assessment Scale for Negative Symptoms Motivation 

and Pleasure/Expressiveness Scale; PANSS = Positive and Negative Syndrome Scale; CPZ = Chlorpromazine equivalents. Bold coefficients 

remained significant after Bonferroni correction. 
a 
additionally controlled for age 

b
 not calculated due to redundancy 

† 
p < .10 

* p < .05 

** p < .01 

*** p < .001 
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raters. In Penn and colleagues (2000), the judges also were healthy people, but watched video 

tapes of people with schizophrenia interacting in role play scenes rather than interacting with 

the patients themselves. Also, in Penn and colleagues there was no healthy control group. 

This is the first study to have shown a rejection of people with schizophrenia compared to 

healthy controls by everyday interaction partners after a face-to-face conversation. Other 

studies in the field have looked at feelings of connectedness towards people with 

schizophrenia, but did not include actual conversation in their study (Raffard et al., 2015), 

have looked at the ratings of clinicians (Lavelle et al., 2015; Riehle et al., 2015), or failed to 

show a similar effect, possibly due to employing three-way-interactions rather than dyadic 

interactions (Lavelle et al., 2013). Being rejected, when first encountering a new 

acquaintance, prevents people with schizophrenia from establishing new friendships. The 

rejection thus contributes to exclusion by the social environment and feelings of loneliness. 

The driving aspect for low social evaluations of people with schizophrenia in this 

study was a low level of smiling behavior (amount of smiling and mimicry of smiles). The 

smiling behavior explained 71% of the variance of the social evaluations of people with 

schizophrenia and no other measure obtained in this study showed a significant relationship 

with the social evaluations. This is in line with other studies that have shown that reductions 

in the social behavior of people with schizophrenia is related to a less positive social 

evaluation (Lavelle et al., 2013; Raffard et al., 2015; Riehle et al., 2015). However, in this 

study, there was no significant difference in the smiling behavior between people with 

schizophrenia and healthy controls, neither for the amount of smiling (Zygomaticus 

activation) nor for the mimicry of smiles (Zygomaticus mimicry). Smiling behavior thus 

could be a proxy for a more global aberration of affiliative behavior in schizophrenia. A 

global reduction of affiliative behavior has also been suggested by other authors (Blanchard 

et al., 2015; Hooley, 2010). The reduction in smiling behavior thus could go along with other 
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nonverbal reductions found in schizophrenia, such as nodding and head movements in 

general (Kupper et al., 2015; Lavelle et al., 2013), gesturing (Walther & Mittal, 2016), or 

prosody (Cohen et al., 2008). For all of these nonverbal domains, computerized assessments 

have been developed and they thus could be investigated conjointly in subsequent studies. 

The finding that in healthy participants the relationship between smiling behavior and the 

social evaluation was weaker supports the notion of a more global behavioral aberration in 

schizophrenia. Healthy controls might have compensated for lacking affiliative facial 

expressions with affiliation expressed through the other nonverbal channels just mentioned. 

Assuming that people with schizophrenia are not able to compensate for lacking 

affiliative facial expressions suggests that also a more global social cognitive deficit underlies 

the social behavioral difficulties. An empathic deficit has been suggested for schizophrenia  

that involves affect recognition, theory of mind, and affect sharing (Bonfils et al., 2016; 

Green et al., 2015). In this study, affect recognition of facial expressions was assessed as a 

measure of this empathic deficit. Despite other studies showing that people with 

schizophrenia perform poorly on this test (e.g. Streit et al., 2001), people with schizophrenia 

in this study did not.
17

 Also contrary to the hypotheses of this study, facial affect recognition 

was unrelated to mimicry of smiles in people with schizophrenia. It was, however, related to 

the mimicry of smiles in healthy controls, suggesting that the basic mechanism is traceable. 

Thus, empathy, as a more global construct, may be comprised of affect recognition, theory of 

mind, and affect sharing, but affect recognition might not have been impaired in this sample, 

whereas the other domains could have been impaired, but were not assessed. One would then 

expect that assessments of theory of mind and affect sharing (e.g. emotional mimicry) would 

                                                 
17

 Comparing the data of this study to the data of the study of Streit and colleagues (2001), whose affect 

recognition test was adopted for this study, yielded that both people with schizophrenia and healthy controls 

performed better on the task in this study. One difference between the two assessments was that Streit and 

colleagues used Ekmans Pictures of Facial Affect (Ekman & Friesen, 1975), whereas this study used a more 

recent picture system (Langner et al., 2010), so that better performance could be due to higher quality and clarity 

of expressions in the more recent picture set. 
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not be related to affect recognition. On the other hand, when empathy is intact (as in healthy 

controls), affect recognition should be correlated with other measures of empathy and thus 

with emotional mimicry, as was the case in this study. 

It is worth noting, however, that several other studies in schizophrenia have found 

both reductions in the amount of smiling expressed (for reviews see Kring & Elis, 2013; 

Kring & Moran, 2008) and the behavioral mimicry of other people (e.g. Lavelle, 2011; Varlet 

et al., 2012). One reason for this could be a lack of power to detect the possibly small to 

medium sized effects that were traceable for the reduction in smiling behavior also in this 

study. Due to the cumbersome assessment of dyadic interactions, to ensure the feasibility of 

the study, a relatively small sample had to be obtained. However, most other studies in the 

field have recruited comparably sized (Kupper et al., 2015) or even smaller patient samples 

(Krause et al., 1989; Lavelle et al., 2013) and the hypothesized effects could generally be 

detected in either the patient or the control group. Moreover, whereas this study was 

particularly aimed at achieving a high ecological validity, other studies might have achieved 

higher internal validity and thus could control measurement errors to a greater extend (e.g. 

Blanchard et al., 2015; Kring et al., 1999; Varcin et al., 2010).  

Another aspect that limits the generalizability of the results is that the people with 

schizophrenia in this study presented with rather low levels of negative symptoms. Negative 

symptoms have been shown to relate to the behavioral phenomena studied in this dissertation 

(Blanchard et al., 2015; Kring & Elis, 2013; Kupper et al., 2015; Lavelle et al., 2014). 

Particularly the convenience sampling of people with schizophrenia from the community 

might have attracted people with schizophrenia who more interested in social interactions and 

less symptomatic. In addition to the constraints mentioned in the previous paragraph, this 

might explain the generally small effects for differences in smiling behavior. Nevertheless, 

the symptom profile of this study’s sample matched the symptom profile found for people 
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with schizophrenia who displayed particularly low pro-social behavior (Lavelle et al., 2015) 

which might explain why there still was a large effect on the social evaluation in this study. 

Particular strengths of this study were that the ecological validity was higher than in 

any study on facial expressions in schizophrenia assessed via EMG (e.g. Kring et al., 1999; 

Varcin et al., 2010), as mentioned above, with the trade-off that the internal validity was 

lower than in those studies. Nevertheless, the automatic assessment of facial expressions via 

EMG was less prone to measurement error than if videos had been coded by human coders 

(e.g. Krause et al., 1989) and allowed for the application of windowed cross-lagged 

correlation to analyze facial mimicry. Thus the objectivity was higher than in studies using 

coding procedures of facial expressions. Moreover, in comparison to other studies that have 

taken the perspective of the interaction partner into account (e.g. Lavelle et al., 2015, 2013; 

Raffard et al., 2015), this study employed a stricter control condition by directly comparing 

the interactions of a single interaction partner with a person with schizophrenia and with a 

matched healthy control person (the one-with-many design). The closest approximation to 

this control condition so far was employed by Raffard and colleagues (2015) who matched 

their healthy controls with their patient sample. However, patients and healthy controls then 

interacted with different interaction partners. Thus, the internal validity of this study was 

higher than in other studies on the perspective of interaction partners of people with 

schizophrenia. 

In conclusion, the findings of study 3 suggest that social rejection of people with 

schizophrenia happens even in the absence of a stigmatizing diagnosis label. This rejection 

can be reliably attributed to aberrant affiliative behavior, for which reductions in smiling 

behavior appear to present a viable proxy. This aberration may be representative of an social 

cognitive empathic deficit in schizophrenia that prevents the affected person from 

appropriately responding to the emotional expressions of their interaction partner. This 
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mechanism may explain how, apart from social withdrawal tendencies and labelled 

stigmatization, people with schizophrenia become isolated in the social environment. Because 

both the empathic deficit and the behavioral aberration, which constitute this mechanism, 

might be multidimensional constructs, future studies need to assess the various components 

conjointly. Studies are available for various single components and study 3 now narrowed the 

research gap for facial expressions. 

  



 106 

Chapter 6: General Discussion 

6.1. Summary 

The aim of the three studies presented in this dissertation was to test the assumption 

that diminished affiliative facial expressiveness in schizophrenia has negative interpersonal 

consequences. For this, affiliative facial expressiveness was operationalized as the amount of 

smiling and the mimicry of smiling in face-to-face first encounters that were assessed via 

EMG. Study 1 showed that emotional facial mimicry can be reliably quantified using a time-

series analysis approach. It also showed that affiliative facial expressions (smiles) were 

mimicked by the interaction partner whereas non-affiliative facial expressions (frowns) were 

rare in occurrence and not mimicked. Study 2 showed in healthy participants that particularly 

expressive negative symptoms related to negative interpersonal consequences and that 

motivational negative symptoms related to diminished smiling behavior. However, 

diminished smiling behavior did not have negative interpersonal consequences in this study. 

Finally, study 3 showed that people with schizophrenia are readily rejected based on their 

diminished smiling behavior. Additionally, study 3 suggested a global reduction in affiliative 

nonverbal behaviors in schizophrenia and an empathic deficit as the underlying cognitive 

construct. 

6.2. Global reduction in affiliative nonverbal behavior and the empathic deficit in 

schizophrenia 

Both studies 2 and 3 suggested that smiling behavior may be a proxy for a more 

global reduction in affiliative nonverbal behavior. In study 3, interaction partners appeared to 

base their judgments on smiling behavior and indicated lower levels of willingness for future 

interactions with people who smiled less. However, this association was particularly 

pronounced for people with schizophrenia and only on a trend-level significant basis in 

healthy controls. The difference in the strength of the associations between patients and 
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controls might signify that healthy participants were able to compensate for lacking smiling 

behavior whereas patients were not. In study 2, healthy participants’ expressive negative 

symptoms, but not their smiling behavior, were related to the social evaluation by the 

interaction partner. Expressive negative symptoms, being comprised of nonverbal reductions 

in several nonverbal domains (facial expression, prosody, gesturing, quantity of speech), 

might have led to a more negative social evaluation if diminished affiliative behaviors were 

present on multiple nonverbal domains. This interpretation is in line with the findings of 

study 3. Healthy participants in general might have been able to compensate for lacking 

smiling behavior via other nonverbal channels. In cases with high expressive negative 

symptoms, more nonverbal channels were likely to be affected, which then might have led to 

more negative evaluations by the interaction partner. This interpretation is supported by a 

marginally significant bivariate relationship of expressive negative symptoms and the social 

evaluation by the IP (β = -.30, cf. Table 8). The effect size of this relationship approximates 

the significant one found in study 2 (r = -.37, cf. Table 4). In the light of these considerations, 

the strong association of diminished smiling behavior with more negative social evaluations 

found for people with schizophrenia in study 3 (β = .84, cf. Figure 11) may signify that 

people with schizophrenia generally were less able to compensate diminished smiling 

behavior via other nonverbal channels and rather exhibited a more global reduction in 

affiliative nonverbal behavior for which smiling behavior was a viable proxy.  

The notion of a global affiliative interactional skill deficit in schizophrenia has been 

posited by others before (Blanchard et al., 2015; Hooley, 2010). The social cognitive basis for 

such a global deficit would also be a more global one. For research on schizophrenia, an 

empathy has been proposed as a global framework for the study of social cognitive deficits in 

schizophrenia (Bonfils et al., 2016; Green et al., 2015). Emotional facial mimicry is one of 

the behavioral components of empathy (Bonfils et al., 2016) and should therefore be related 
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to social cognitive deficits. One of the findings of study 1 was that the mimicry of smiles on 

most instances occurs as quickly as within 200 ms after smile onset. This, in accordance with 

another study (Heerey & Crossley, 2013), suggested that smiles were anticipated throughout 

the interaction, so that smiling responses could be timed accurately. This anticipation process 

arguably involves both affect recognition and theory of mind skills. In study 3, facial affect 

recognition was assessed for all participants. Indeed, in healthy participants, affect 

recognition significantly predicted mimicry of smiles as expected. Despite recent meta-

analytic evidence that showed that people with schizophrenia are impaired in facial affect 

recognition (Kohler et al., 2010; Savla et al., 2013), the patients in the sample of study 3 did 

not exhibit such an impairment. Furthermore, facial affect recognition was not related to the 

mimicry of smiles in people with schizophrenia. In convergence with the notion that 

diminished mimicry of smiles is a proxy for a global affiliative interactional skill deficit, 

these results suggest that in healthy participants, facial affect recognition may be a proxy for 

empathic ability. One explanation for the absence of a relationship of facial affect recognition 

and mimicry of smiles is that facial affect recognition in schizophrenia is not a viable proxy 

for empathic ability. That is, despite preserved facial affect recognition, theory of mind may 

still be impaired and could relate to lower levels of smiling mimicry. An alternative 

interpretation would be that the people with schizophrenia in this sample presented with 

rather low impairments in empathic ability. It is an open research question for future research, 

whether emotional facial mimicry in schizophrenia may relate to other social cognitive 

measures, such as theory of mind. 

 

6.3. The role of negative symptoms 

In healthy participants, negative symptoms were related to the mimicry of smiles and 

to the social evaluation both in studies 2 and 3. The associations in the patient sample in 
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study 3 were considerably weaker. Negative symptoms (as assessed with the PANSS but not 

as assessed with the CAINS) were negatively related to the amount of smiles exhibited by the 

patients but not with the mimicry of smiles or the social evaluation. Thus, the findings for the 

healthy participants are in line with previous reports that have shown that negative symptoms 

relate to diminished behavioral mimicry (Kupper et al., 2015) and less positive social 

evaluations (Lavelle et al., 2013). Particularly the latter association would have been 

expected to be also present in people with schizophrenia in study 3. However, people with 

schizophrenia apparently were rejected by their interaction partners more or less irrespective 

of their negative symptom severity. It is possible that the negative symptoms indeed 

negatively affect social behavior, and thus the social evaluation but that in schizophrenia, this 

path is more indirect than in healthy people. Given the well-established association of 

negative symptoms with social cognitive impairments in schizophrenia (e.g. Lincoln et al., 

2011), negative symptoms may particularly be reflected in the empathic deficit mentioned in 

the previous section. Indeed, within the patient sample in study 3, negative symptoms as 

assessed with the PANSS were negatively related to lower affect recognition (r = -.54; p 

= .004; not reported in study 3). In junction with the findings of study 2, it is also possible 

that different aspects of negative symptoms (i.e. motivational and expressive negative 

symptoms) relate to different aspects of the expressive reduction. The findings of study 2 

suggested that motivational negative symptoms related to a more situation dependent 

behavioral reduction (i.e. selecting the appropriate response in a given situation), whereas 

expressive negative symptoms may relate to a more trait-like component of the behavioral 

reduction. Since the studies of this dissertation were not targeted at disentangling state and 

trait contributions to the expressive reductions per se, this might be a direction for future 

research. 
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6.4. Strengths, limitations, and design issues 

The limitations to each of the single studies were discussed in the respective chapters. 

However, some limitations are inherent to all three studies reported here and thus need 

mentioning. 

In all three studies, the power was at the lower end of the acceptable range. This was 

due to the relatively cumbersome assessment of the dyadic interactions that limited the 

feasibility the study to these smaller study samples. Particularly in studies 2 and 3, several of 

the effects were in the hypothesized direction, but small to medium in magnitude. Since the 

power of these studies was sufficient to detect medium to large effects with a probability of 

85%, some meaningful effects might have needed to be considered insignificant. 

Nevertheless, most of the hypothesis tests yielded interpretable results consistent with 

existing theory. 

The basic assumption that more smiling behavior leads to better interpersonal 

outcomes may be a culture specific effect. What might be perceived as aloofness in western 

cultures may be considered as composure in other areas of the world. This culture specificity 

has two interesting implications. On the one hand, if the expressive reductions in 

schizophrenia are a more trait-like construct and affect people in other cultures just as they do 

in western cultures (i.e. if patients from other cultural backgrounds exhibit the same 

nonverbal reductions), the interpersonal consequences differ as a function of how 

inappropriate the nonverbal reduction is according to the cultural norms. On the other hand, if 

the expressive reduction observed in western cultures is the result of an empathic deficit, as 

suggested by the findings of this dissertation, the behavioral correlates may be different in 

other cultures, but probably would result in similarly negative interpersonal consequences. To 

evaluate this, cross-cultural studies are needed in the field. 
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Another limitation inherent to the study design of employing natural conversation 

including unstructured phases, is, that many aspects that may have contributed to the main 

study outcome (willingness for future interactions) could not be controlled properly. Among 

these are attractiveness and competitiveness of the participants as well as coincidental 

matching of conversational topics or of participants’ interests. As mentioned in the discussion 

of study 3, lower internal validity with respect to these aspects was accepted in this 

dissertation for the benefit of having a more ecologically valid research design. However, the 

studies in the dissertation varied with respect to the degree of internal validity. For example, 

that the mimicry of smiles was related to the willingness for future interactions in study 3 but 

not study 2 may be due to design differences in the two studies. In study 3, the differences in 

smiling mimicry were assessed between two people who interacted with the same person and 

then related to the willingness to interact evaluations of the same person. In doing so, in study 

3, particularly two things were controlled for: the baseline level of willingness for future 

interactions in the evaluating person (group IP) and the baseline level of smiling mimicry that 

emanated from the evaluating person. These two aspects were not controlled for in study 2, 

thus leaving study 2 with lower internal validity than study 3. Tickle-Degnen and Rosenthal 

(1990) presented meta-analytic data suggesting that the effect size of the relationship of 

nonverbal behavior and a rapport outcome is sensitive to differences in internal validity in 

that lower internal validity relates to lower effect sizes. Thus, due to the less controlled study 

design in study 2, the influence of other sources on the willingness for future interactions 

might have been higher than in study 3. This is also reflected by the findings of study 2 that 

more global ratings of nonverbal behavior related to the willingness for future interactions 

and that more global assessments of social success (social network quality) were related to 

smiling mimicry. One way to further increase the internal validity of these kinds of studies 
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would be to use the one-with-many design employed in study 3 with more than only two 

interaction partners.  

Particular strengths of the studies were that facial expressions were captured 

objectively via EMG. Study 1 was devoted to the development of an assessment method to 

quantify emotional facial mimicry from the data obtained from this assessment method, since 

such a method was lacking in the research field. That is the objectivity of the study was 

higher than in most other studies that have looked at emotional facial expressions in face-to-

face interactions, both in social and clinical psychology. Furthermore, several aspects ensured 

a high ecological validity of the assessments. Among these are investigating face-to-face 

interactions rather than interactions of humans with stimuli on computer screens, employing 

everyday study participants rather than confederates as the interaction partners, or having 

people talk about personal experiences rather than having them engage in a role play. The 

high ecological validity of the studies warranted that despite the low power for some of the 

analyses, generalizable results could be generated in the studies. 
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Figure 12. Proposed model for an empathic deficit in schizophrenia, both on the cognitive and behavioral level, and its corresponding social 

consequences. Solid lines border the parts of the model that have been investigated in studies 1-3.
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6.5. Conclusions 

The main aim of this dissertation was to investigate the interpersonal consequences of 

aberrant social behavior in schizophrenia. In order to investigate this, the three studies of this 

dissertation tapped aspects of both social and clinical psychology. The findings draw a rather 

consistent picture: People with schizophrenia are rejected by their interaction partners based 

on their diminished affiliative behavior. When interacting with another healthy participant, 

interaction partners base their negative evaluations on diminished affiliative behaviors 

associated with the expressive negative symptoms of schizophrenia. In this dissertation, 

smiling behavior as comprised of the amount of smiles expressed and the mimicry of smiles 

was established as a viable proxy for affiliative nonverbal reductions in schizophrenia. 

Additionally, the results of this dissertation suggest that emotional facial mimicry relies on 

empathic ability and that this ability is impaired in schizophrenia, which may account for the 

negative social evaluations they experience. These basic results of the three studies are 

summarized in Figure 12. One important implication of this dissertation project is that the 

study of interpersonal processes in schizophrenia is highly relevant. Particularly the study of 

the proposed empathic deficit in schizophrenia needs to consider interpersonal behavior as an 

outcome variable. Once fully understood, psychosocial interventions may target the empathic 

deficit and help people with schizophrenia to experience the social environment as the 

rewarding and supportive resource it may be. 
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Appendix A 

Instructions and measures 

Participant information sheets (for controls): Diagnostic assessment 
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Participant information sheets (for controls): Interaction assessment: 
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Interaction instructions for all participants 
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Scoring sheet for the events 
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Willingness-to-interact scale (Coyne, 1976) 
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CAINS scoring sheet 
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Appendix B 

Sample sitmuli of the affect recognition test taken from the Radboud Faces Database 

(Langner et al., 2010) 

  male, angry   male surprised 

  male, disgusted   male, sad 

  male, fearful   male, happy 

  male, neutral 
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Appendix C  

Additional analyses to study 1 

Significance threshold 

A significance threshold was used in studies 1-3 for calculated correlation coefficients 

to reduce the influence of smaller non-significant correlations that emerge as a result of 

measurement error or by chance. The threshold was set by using Bonferroni correction to 

adjust for multiple testing for the number of correlation coefficients calculated within a 

WCLC matrix. In an example WCLC analysis for a time series of 1000 observations, 

sampled at 50Hz, using a window length of 5s (= 250 observations) and a maximum time lag 

of 2s (= 100 observations), the resulting WCLC matrix would consist of 201 columns and 

749 rows (cf. Boker et al., 2002). Thus, 150,549 correlation coefficients would be calculated. 

This leads to a significance threshold of padj ≈ .0000003, when originally testing at an α-level 

of p < .05. Therefore, correlation coefficients would have to exceed a threshold of rcrit ≈ .34. 

Note, that the degrees of freedom used for setting the threshold are bound to the numbers of 

data points within a window (in this example = 250 observations). For this reason, using the 

significance threshold is only advised when at least roughly 100 observations can be used as 

the window size, since the significance threshold is likely to asymptotically reach a value of 1 

otherwise (cf. Figure S1).  

The figure shows the distribution of critical Pearson correlation values of the significance 

threshold alongside varying window sizes for a WCLC analysis on a 3 min data sequence, 

sampled at 32 Hz (matching study 1; in total 5760 data points). The different lines represent 

different maximum time lags (study 1 used a window size of 224 and a maximum lag of 64). 

Note: max. lag = maximum time lag; numbers for window size and max. lag refer to numbers 

of observations. 
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Comparing WCLC with and without constraints 

In an intention to compare the approach employed in studies 1-3 and the approach 

used by Ramseyer and Tschacher (2011) more directly, the WCLC synchrony was also 

calculated without significance threshold and without excluding absolute values of negative 

correlations. The same three-way repeated measures ANOVA as described in study 1 (muscle 

site by interaction type by (interactional) phase) was run on the unconstrained WCLC values.  

The results showed significant main effects of muscle site (F(1,29) = 110.0; p < .001; 

partial η² = .79), interaction type (F(1,29) = 13.8; p = .001; partial η² = .32), and phase 

(F(1,29) = 8.5; p < .001; partial η² = .23). Significant interactions were found for muscle site 

by interaction type (F(1,29) = 6.6; p = .02; partial η² = .19) and muscle site by phase (F(1, 

29) = 15.1; p < .001; partial η² = .34). Smiling (cf. Figure S4) but not frowning synchrony 

(cf. Figure S5) in genuine interactions could be distinguished from chance level synchrony 

(pseudo-interactions). Paired samples t-tests confirmed this differential effect for all of the six 

interactional phases (smiling: ts(29) = 2.32–3.35; ps = .002–.03; Cohen’s ds = 0.38–0.66; 

frowning: ts(29) = 0.06–1.76; ps = .09– .95; Cohen’s ds = 0.00–0.16).  
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Thus, the overall effects were comparable using an approach with and without 

significance threshold plus omitting negative correlations. However, the mean noise-levels 

were higher in the unconstrained WCLC analysis and signal-to-noise ratio was considerably 

lower. This favors the usage of a significance threshold as well as omitting negative 

correlations from the WCLC matrix. 

 

Distribution of mean Zygomaticus (smiling) mimicry unconstrained WCLC estimates for the 

along the different time-lags for each interactional phase for both genuine (solid line) and 

pseudo-interactions (dotted line). The shaded gray areas represent ±1 standard error of the 

mean.
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Distribution of mean Corrugator (frowning) mimicry unconstrained WCLC estimates for the 

along the different time-lags for each interactional phase for both genuine (solid line) and 

pseudo-interactions (dotted line). The shaded gray areas represent ±1 standard error of the 

mean.  
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Appendix D 

Additional analyses to study 3 

Mood monitoring 

The valence and arousal changes as captured with the SAMs were compared for the 

two participant groups (SZ and HC) in a repeated measures ANOVA with the two within-

subjects factors time (arrival/baseline vs. before the interaction vs. after the interaction) and 

group status (SZ vs. HC). 

A significant main effect of group emerged for valence (F(1,24) = 5.24; p = .03) and 

for arousal (F(1,24) = 11.37; p = .003). SZ participants presented with less positive valence 

and higher arousal. Additionally, a significant main effect of time emerged both for valence 

(F(2,48) = 20.03; p < .001) and arousal (F(2,48) = 17.65; p < .001). Post-hoc pairwise 

comparisons revealed that for valence, the participants indicated significantly more positive 

mood after the interaction than at both assessment points prior to the interaction. For arousal, 

the participants indicated significantly less arousal after the interaction than at both 

assessment points prior to the interaction. Additionally, there was a trend towards an increase 

of arousal from arrival to directly before the interaction. Both group*time interactions were 

non-significant, indicating that SZ and HC participants reacted to the interaction “stressor” in 

a similar way. 

Exclusion of dyads with somewhat disclosed patient status 

The hypotheses tests of study 3 were performed again after excluding the two cases 

that somewhat disclosed their patient status during the interaction. 
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1. Paired samples t-tests for differences for SZ > HC participants 

Dependent t (df = 24) p dz 

WILL -2.63 .02 -0.47 

Zygomaticus activity -0.35 .73 -0.06 

Corrugator activity -2.09 .05 -0.42 

Zygomaticus 

mimicry 

-1.73 .10 -0.29 

 

The results equal those in study 3. However, in this analysis, a marginally significant 

effect of less Corrugator activity emerged, whereas in study 3 this effect was non-significant. 

Also, a marginal trend-level significant effect for less Zygomaticus mimicry emerged, when 

excluding the two patients who somewhat disclosed their patient status. 

  

2. Affect recognition predicting Zygomaticus (smiling) mimcry 

The parameter estimates did not change in a meaningful way by excluding the two 

triplets from the analysis. For patients, again there was no relationship (β = .24, p = .22) and 

for healthy controls there was a highly significant relationship (β = .58; p < .001). 

 

3. Smiling behavior predicting IP’s WILL scores 

The results changed slightly in that the prediction within the patient sample was 

slightly higher in magnitude (β = .88; p = .01) and for healthy participants was no longer 

trend-level significant (β = .36; p = .13) 

 


