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Chapter 1 – General introduction 

Overview  

Human affective states are influenced by others’ feelings. When seeing another person suffering 

either physically or mentally, we not only feel sympathetic towards that person but can also, to some 

extent, feel and share their affect as if it were our own. This ability is a key component of the multi-

faceted experience of empathy (Decety & Hodges, 2006; Decety & Jackson, 2006). In our daily life, 

empathy is vital for interpersonal interaction. Maintaining the ability to empathize with others can 

promote prosocial behaviors and ultimately contributes to social coordination and possibly also 

harmony. Therefore, it is important from both scientific and applied perspectives to disentangle which 

factors can influence empathic responses so that people who show empathy deficits can be helped to 

overcome them. Emotion identification, the ability to identify another’s emotion, has recently been 

proposed as a necessary step, in addition to affect sharing, for successfully empathizing with others 

(Coll et al., 2017). If a person shows little empathy for another’s suffering, it could be due to a reduced 

ability or tendency to share another person’s affect, or it could be because this person cannot 

appropriately identify that person’s emotion. Approximately 50% of people who receive a diagnosis 

of autism spectrum disorder score rather high on measures of alexithymia (Geoffrey; Bird & Viding, 

2014). For those individuals who show a reduction in their ability to share the affect of others, a big 

contributor is that they cannot appropriately “read” others’ affective states due to alexithymia rather 

than autism itself (G. Bird & Cook, 2013). As a result, it is important to investigate the mechanisms of 

emotion identification and its relationship with empathy for both basic research and clinical practice. 

Yet, studies on this topic are rather scarce.  

In this doctoral thesis, I focused on the following research questions: 1) whether and how the 

recognition of painful emotional expressions was modulated by the opioidergic system (Chapter 2), 2) 

what neural activation dissociated empathic responses to seeing others genuinely in pain from seeing 

others pretending to be in pain (Chapter 3), and 3) what modality-independent and modality-

dependent neural signatures underly seeing others genuinely experiencing disgust vs. pretending to 

experience disgust as compared to the findings of pain (Chapter 4). Accordingly, three studies were 

performed. In Chapter 2, using psychopharmacological manipulation and functional magnetic 

resonance imaging (fMRI), we investigated how the opioid antagonist naltrexone influenced the 

discrimination of painful facial expressions from its morphed expressions with disgust. In Chapter 3, 

using fMRI and dynamical causal modeling (DCM) analysis, we studied the neural networks that 

modulated the affective responses to genuine pain experienced by others as compared to pretended 

pain. In Chapter 4, building upon and extending our findings from Chapter 3, we investigated what 
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were the shared and distinct neural mechanisms between seeing others experiencing genuine disgust 

vs. pretended disgust and the results of seeing others experiencing genuine pain vs. pretended pain 

in Chapter 3. The theoretical and methodological bases of these studies will be elaborated on in the 

next sections of this chapter.   

Empathy  

The definition of empathy  

Empathy, the capacity to understand and share the thoughts and feelings of others, plays a crucial 

role in social interactions and promotes prosocial behaviors (Decety & Jackson, 2006; Lamm et al., 

2019). Crucially, empathy requires knowing that another person is the origin of our affective state 

(Decety & Jackson, 2004; de Vignemont & Singer, 2006). When we talk about empathy, it is inevitable 

to mention two related terms: sympathy and emotional contagion. The term "sympathy" refers to 

“feelings of concern about the welfare of others” (P. 204) but not necessarily to resonate with their 

affective states (Decety, 2010); whereas for emotional contagion, we match the affective state of 

another, but this affective state does not require to be “explicitly recognized as being experienced by 

the other” (P. 521) (Geoffrey; Bird & Viding, 2014). Empathy is composed of multiple perceptual, 

cognitive, and affective processes, including observation, memory, emotion, and reasoning (Ickes, 

1997). It is regarded as a multidimensional construct with three main components: (1) identifying 

others’ emotions and taking the perspective of others, (2) sharing other peoples’ affective states, and 

(3) regulatory mechanisms for maintaining a clear distinction between the self and others (Decety & 

Jackson, 2006). 

The neural network of empathy and shared representations 

To study the neural underpinnings of empathy, many social neuroscience studies have used pain as a 

means to evoke participants’ empathic responses and implemented fMRI as a technical approach to 

record the corresponding brain activations. The main neuroimaging findings are that empathy for pain 

activates parts of the neural network that are also involved in the first-hand processing of pain, 

namely, the anterior insula cortex (aIns) and the anterior-mid cingulate cortex (aMCC) (Singer et al., 

2004; Botvinick et al., 2005; Jackson et al., 2005; Lamm et al., 2011; Rütgen et al., 2015b; Jauniaux et 

al., 2019; Xiong et al., 2019; Fallon et al., 2020; Zhou et al., 2020). These two regions are typically 

considered to represent the affective-motivational components of empathy (Lamm et al., 2016). In a 

pioneering study, Singer et al. (2004) showed activation in a conjunctive network, including aIns and 

anterior cingulate cortex, when participants received painful stimulation themselves as well as when 

they saw their partner experiencing pain.  
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This neural overlap between the first-hand experience of pain and empathy for pain could be 

explained by the theory of shared representations. Initialized from the perception-action model 

proposed by Preston & De Waal (2002), this view proposes that the perception of another person’s 

affective state automatically activates the observer’s own representation of that state, followed by 

the associated autonomic and somatic responses. Therefore, an intriguing and hotly-debated question 

is to what extent shared brain activations indicate shared representations (Decety, 2010; Lamm & 

Majdandžić, 2015; Lamm et al., 2016). It is well known that in fMRI research, one and the same brain 

structure can be activated by a variety of tasks and functions, which means an overlap of neural 

activations does not necessarily imply that the same psychological representations are engaged. Areas 

such as aIns and aMCC, for example, are not only activated by pain, but also by numerous other 

processes, such as arousal/salience, attention, and cognitive control (Zaki et al., 2016). Similar results 

have been found using other approaches, such as electroencephalography (EEG) and Transcranial 

magnetic stimulation (TMS) (Lamm & Majdandžić, 2015).  

Recent technological and methodological advances have resulted in considerable progress on this 

issue. Corradi-Dell’Acqua and colleagues (2011) applied multivariate pattern analysis (MVPA) showing 

overlapped activation patterns between the first-hand experience of pain and the pain perceived in 

others. Another series of studies (Rütgen et al., 2015a; Rütgen et al., 2015b; Rütgen et al., 2018; 

Rütgen et al., 2021), using placebo analgesia manipulation on the first-hand pain, found reduced 

subjective ratings of pain intensity and unpleasantness for both self-oriented and other-oriented pain. 

Furthermore, this approach line revealed decreased activation in aIns and aMCC led by the placebo 

analgesia during both self-directed and other-directed painful stimulation (Rütgen et al., 2015b). In 

the same study, the researchers also found the blockage of the placebo effect by the opioid antagonist 

naltrexone seemed to eliminate the placebo analgesia induced beforehand for both first-hand pain 

and empathy for pain (Rütgen et al., 2015b). This effect is supported by numerous studies on the 

essential engagement of the endogenous opioid system in the modulation of the placebo analgesic 

effect (Petrovic et al., 2002; Wager et al., 2004; Benedetti et al., 2005; Zubieta et al., 2005). These 

findings indicate that the effect applied to the first-hand experience of pain could be “transferred” to 

the vicarious pain, hinting that the placebo analgesic effect works on the shared representations. 

Therefore, empathy for pain might in fact be grounded in first-hand pain.  

A new theoretical framework of empathy: the role of emotion identification 

Recently, our lab has collaborated with colleagues from the UK to address the relationship between 

emotion identification and affective sharing during the experience of empathy (Coll et al., 2017). 

Specifically, researchers have introduced a new measurement framework of empathy, in which 
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empathy is not just defined as affective sharing – “the degree to which identification of another’s state 

causes a corresponding state in the self”, but also emphasized the role of emotion identification – “the 

ability to identify another’s emotional state” (P. 132). Therefore, when measuring an individual’s 

degree of empathic response, one should consider both affective sharing and emotion identification. 

If the empathizers do not correctly identify someone else’s emotion, they cannot show the same 

empathic response as another person who is able to identify the emotion correctly, even though they 

might both have the same underlying degree of affect sharing. In this context, people of the former 

group cannot be defined as “low-empathizers”. In other words, only after we are certain that all 

empathizers have identified the emotion of others correctly, can it be assumed that the variation of 

their empathic responses is due to differences in affect sharing. On top of that, researchers re-

analyzed the behavioral data of the previous placebo analgesia study from our lab (Rütgen et al., 

2015b), and reported that the effect of placebo analgesia on empathic responses was almost fully 

mediated by the ratings of the intensity of pain attributed to the other person. This result seems to 

suggest that the effect of placebo analgesia on empathy might mostly act on the process of emotion 

identification rather than on affective sharing, and further stresses the importance of studying 

emotion identification during empathy.  

However, two major limitations must be addressed before making these statements on the role of 

emotion identification in empathy more definite. Firstly, the original study of placebo analgesia was 

not designed to test the relationship between emotion identification and affective sharing, and as a 

result, the conclusions drawn from the re-analysis of the data seem quite indirect and more convincing 

evidence is needed. Secondly, the ratings of pain intensity and unpleasantness used in the previous 

study (Rütgen et al., 2015b), which were, respectively, regarded as measurements of emotion 

identification and affective sharing (Coll et al., 2017), were presented in a fixed order that the 

unpleasantness ratings always came after the pain intensity ratings, therefore, we cannot exclude the 

potential influence of order effects. Altogether, it is necessary to collect new evidence and to further 

investigate the role of emotion identification during empathy.  

Before going into more details about the studies, I would like to further clarify and underline the 

research goals of this thesis. Considering the complexity of emotion identification and the difficulty of 

operating and measuring emotion identification directly, the current thesis did not aim to test the 

whole model of Coll et al. (Coll et al., 2017), namely how emotion identification and affect sharing 

independently contribute to the consequences of empathy. Rather, it mainly focused on those 

processes closely related to emotion identification but can be more easily and directly manipulated 

and measured, and how the manipulation of these processes influenced empathic responses to 

others. In the following section, I will elaborate on emotion identification and those relevant processes 
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so that readers can have a better understanding of how the present studies subserve decoding the 

role of emotion identification in empathy.  

Emotion identification and its relevant processes   

Definitions and the underlying neural mechanisms  

Emotion identification, the ability to be aware of and identify the emotional state of the target, is 

fundamental in social communication and interpersonal interactions (Schutte et al., 2001). Several 

different psychological processes – emotion perception, recognition, and categorization - are 

considered to be comprised of emotion identification (Coll et al., 2017). Schimer and Adolphs (2017) 

have defined these relevant but still distinct processes: emotion perception focuses on detecting and 

discriminating an emotion in an early stage, during which stage the emotion is internally 

conceptualized in preparation for the subsequent processes of emotion recognition and emotion 

categorization. Emotion recognition is related to infer others’ internal states and retrieve the 

conceptual knowledge about an emotion; while for emotion categorization, it is more relevant to 

sorting an emotion into specific categories implicated in labeling that emotion. These processes often 

elicit one’s own emotional responses. Therefore, neural activations underpinning functions from 

primary visual perception to higher-order cognitive manipulation and affective response are all 

potentially engaged in emotion identification (Gur et al., 2002; Srinivasan & Hanif, 2010). In 

experimental research, pictures or video clips of facial emotional expressions are the most frequently 

employed materials in the tasks related to emotion identification (Berthoz et al., 2002; Moriguchi et 

al., 2006; Clark et al., 2008; Bal et al., 2010). Additionally, other modalities, such as vocal and tactile 

stimulation can also be applied to study processes related to emotion identification (Schirmer & 

Adolphs, 2017). In terms of studies on the recognition of facial emotions, the main neuroimaging 

findings indicate that key brain areas involved in processes relevant to emotion identification include 

the fusiform face area (FFA), the superior temporal sulcus (STS), amygdala, the frontal lobes, and the 

parietal lobes (Calder, 1996; Adolphs, 2002; Gur et al., 2002; Grill-Spector et al., 2004; Heberlein et al., 

2008). Particularly, among the two visual cortices - the FFA and STS, the former area is claimed to be 

more engaged in processing static facial expressions whereas the latter one is considered to be more 

engaged in processing dynamic facial expressions (Pitcher et al., 2011; De Winter et al., 2015). 

Relationship with the opioid system  

Activation of neurochemical systems regulates emotions. Among these neurochemical systems, the 

opioid system has been shown to be generally engaged in modulating different types of emotions. 

Recently, opioid agonists and antagonists have been reported to alter individuals’ responses to 
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emotional facial expressions of others (Ipser et al., 2013; Schmidt et al., 2014; Bershad et al., 2016; 

Meier et al., 2016; Wardle et al., 2016). For instance, Wardle et al. (2016) found 50 mg naltrexone (an 

opioid antagonist) generally increased attention to emotional faces (anger, fear, happiness, or 

sadness) and prolonged the recognition of sad and fearful facial expressions, whereas Meier et al. 

(2016), in an electromyography study, showed that the same dose of naltrexone resulted in increased 

corrugator and depressor activity to happiness expressions. Both muscles are associated with 

negatively valenced emotions. Furthermore, Ipser et al. (2013) observed that the administration of 

0.2 mg of buprenorphine (an opioid agonist) reduced sensitivity to fear expressions in a recognition 

task. These mixed results suggest that drawing firm conclusions regarding the role of the opioid system 

in recognizing the different emotions of others is still not possible. 

Studies on how the opioid system modulates the perception of others’ pain are rather rare, though 

there is a broad consensus that the endogenous opioid system essentially modulates the direct 

experience of pain in terms of both sensory and affective components (Zubieta et al., 2001; Wager et 

al., 2004; Wager et al., 2007). Using positron emission tomography and fMRI, Karjalainen and 

colleagues (2017) revealed the involvement of μ-opioid receptors when watching others in pain and 

the association of μ-opioid receptor availability and brain activations during these painful scenes. The 

psychopharmacological and neuroimaging findings of our lab (Rütgen et al., 2015b; Rütgen et al., 

2018) indicate a causal role of the opioid system in empathy for pain, that the relieved empathy for 

pain by the placebo analgesic effect seems to be “renormalized” after applying the opioid antagonist 

naltrexone. Recent mediation analyses (details can be found in a former section) suggest that this was 

possibly explained by effects on emotion identification (Coll et al., 2017). Using supervised machine-

learning classification, Haaker et al. (2017) showed that the blockade of opioid receptors enhanced 

social threat learning from observing others in pain. Additionally, related research revealed that other 

neurochemical mechanisms, for instance, acetaminophen, might also modulate empathy for 

another’s pain (Mischkowski et al., 2016). However, since none of these studies had a specific focus 

on the visual perception and the processing of painful facial expressions, it remains an open question 

on the specific relationship between the opioid system and the perception of other’s pain expressions. 

Therefore, in Chapter 2, we aimed to investigate whether the endogenous opioid system was able to 

modulate the recognition of painful facial expressions in others and the corresponding neural 

mechanisms.   

Experimental paradigms related to emotion identification 

Several experimental paradigms have been used to measure participants’ ability to discriminate or 

recognize emotional facial expressions. Ipser et al. (2013) performed an emotion recognition task in 
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which participants watched short video clips (1-3 s) that started from a neutral face and dynamically 

morphed into one of the four facial expressions (anger, fear, happiness, and sadness) at different 

intensities (20% - 100%, in 10% step). Participants’ task was to label which emotion this video belonged 

to among all four emotions and the error rate was respectively computed for each emotion. In another 

study, Brewer et al. (2015) used a paradigm in which participants watched several full-blown facial 

expressions (happiness, sadness, disgust, anger, surprise, fear, and pain) that were obscured by 

different levels of visual noise (10%, 30%, 50%, 70%, and 90%). Participants were required to judge 

whether the presented emotion belonged to a prompted emotion (e.g., “pain: yes or no”) and the 

maximum level of noise tolerance (e.g., 60% maximum level of noise tolerance means participants 

could reliably identify an emotion when the level of noise is 60% at highest) was individually 

calculated. However, both paradigms are generally appropriate for studying the recognition of 

multiple emotions rather than focusing on one or two specific emotions. Cook and colleagues (2013) 

have used continually morphed pictures of two attributes – expression (e.g., disgust and anger) and 

identity (e.g., Harold and Felix) – to determine the relative contribution of autism and alexithymia on 

participant’s ability to attribute facial identity and emotion. For instance, from a morphed continuum 

derived from Harold expressing anger to Felix expressing disgust, subjects need to attribute either its 

expression (e.g., “disgust or anger?”) or its identity (e.g., “Harold or Felix?”) following each image. This 

paradigm could allow for studying emotion discrimination between two emotions. To further 

investigate whether autism or alexithymia was actually correlated with the perceptual ability of 

emotion detection, in the same study Cook and colleagues performed a second experiment in which 

participants were asked to merely judge whether two stimuli were identical (expression and identity 

were morphed independently). However, the latter paradigm could not allow us to test high-order 

cognitive and affective processing related to emotion identification. Altogether, in Chapter 2 the 

former paradigm of Cook et al. (2013) was adapted to investigate emotion discrimination/recognition 

of painful facial expressions under psychopharmacological opioidergic manipulation. Considering the 

focus of my study is the processes relate to emotion identification, we only considered manipulating 

the attribution of expression, rather than identity, of the people in the morphed pictures. Here we 

used disgust as well as pain, and I justify these choices in the next section. 

Pain and disgust  

Pain and disgust are two aversive experiences that can signal potential threats to one’s physical 

integrity and health. From an evolutionary perspective, they are mental representations that signal 

human physiological states (Damasio & Carvalho, 2013). Specifically, pain is a sensory and affective 

experience due to actual or potential somatic damage (Merskey & Bogduk, 1994), which is usually 
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linked to tissue or organ damage or disease (Innes, 2005), whereas disgust is conceptualized as a 

“motivational system” to particularly detect signs of and avoid potential pathogens, contaminants, 

and toxins (Kavaliers et al., 2019).  

Both cross-modal and modality-dependent functional mechanisms have been found for these two 

affective states. One study showed that preceding either high painful or high disgusted cues induced 

higher unpleasantness for the following thermal and olfactory stimulation, as opposed to low valenced 

cues. Furthermore, this effect was stronger when the modality of the cue and the stimulus was 

consistent compared to that of inconsistent (Sharvit et al., 2015). Another study demonstrated that 

priming thermal pain or olfactory disgust biased the classification of the subsequent hybrid 

expressions as pain or disgust, but this effect did not extend to other emotions like surprise or neutral 

emotion (Antico et al., 2019).  

There have been consistent claims that the movements of our facial muscles are largely overlapping 

for facial expressions of pain and disgust (Ekman & Friesen, 1978; Kappesser & Williams, 2002; Simon 

et al., 2008). That said, studies suggest that the facial expressions of pain and disgust are still distinct 

enough that individuals can dissociate them from each other (Kunz et al., 2013; Kunz & Lautenbacher, 

2015; Zhao et al., 2021). For instance, Kunz et al. (2013) showed that pain expressions are mostly 

encoded with muscles movements surrounding the eyes and/or together with the contraction of 

eyebrows, whereas disgust is expressed by both the contraction of the eyebrows and also the raising 

of the upper lip. What seems clear though is that both experiences engage a protective withdrawal 

response, and that is also expressed on as well as communicated by the face. 

In terms of the neural substrates, similar to pain, aIns and aMCC, but especially aIns, are also claimed 

as core areas for the direct and vicarious experiences of disgust, and in particular its affective 

components (Wicker et al., 2003; Botvinick et al., 2005; Gottfried & Zald, 2005; Corradi-Dell’Acqua et 

al., 2016). On top of the overlaps, domain-specific activity is engaged for these two affective states. 

For the experience of pain, the primary and secondary somatosensory cortex are strongly engaged 

(Peyron et al., 2000), and seem to encode predominantly the sensory-discriminative component of 

pain. For the emotion of disgust, the primary olfactory cortex, amygdala, orbital frontal cortex, and 

the striatum are reliably activated, tracking predominantly sensory aspects as well (Phillips et al., 1997; 

Phillips et al., 1998; Gottfried & Zald, 2005). 

Since the direct and vicarious experiences of pain and disgust are fundamentally implicated in brain 

activations in aIns and aMCC, one may wonder whether these overlapping activations represent cross-

modal or modality-specific processes. Previous studies have shown evidence of both features. Corradi-

Dell’Acqua et al. (2016) using multivoxel pattern analysis demonstrated that in the left aIns and aMCC, 
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the shared encoding was detected between the direct and vicarious experiences of pain and disgust, 

regardless of the same or different modality. In contrast, in the right aIns, sensory-specific rather than 

modality-independent patterns were more plausible for processing the direct and vicarious pain and 

disgust. Furthermore, Sharvit and colleagues (2018) found that different subdivisions of aIns were 

likely to distinctly influence the sensory-specific expectancy of pain and disgust. Specifically, an 

intermediate section of aIns could mediate the effect of expectancy on the following stimuli which 

was consistent with the priming cue, while a more anterior portion of aIns suppressed this effect.  

On the neurochemical level, different endogenous mechanisms could underlie the experiences of pain 

and disgust. A number of studies suggest that the opioid system modulates nociceptive processing, 

and a few studies imply its engagement in the vicarious experience of pain as well (see previous 

research in the above section). Whereas for disgust, there is little evidence showing a link with the 

opioid system, while other systems, e.g., the oxytocin system, are more likely to play a role (see 

Kavaliers et al., 2019).  

To summarize, disgust is an emotion that shares a lot of similarities with pain, in terms of their 

evolutionary meaning, their corresponding facial expressions, and affect-related neural 

underpinnings. But they do differ in their sensory-specific activations and in their reliance on 

opioidergic mechanisms. Pain and disgust are expressed similarly in the faces of those experiencing 

these emotions (but they can still be dissociated from each other) and disgust is likely to be distinctly 

influenced by the opioid system as compared to pain. Altogether, this makes disgust an appropriate 

counterpart to pain for studying the opioidergic modulation of pain in an emotion 

discrimination/recognition task among healthy participants (Chapter 2). Furthermore, it is meaningful 

for us to investigate the neural underpinnings of how those processes implicated in emotion 

identification influenced empathic responses across different aversive experiences, namely, pain and 

disgust (Chapter 3 and Chapter 4).  

Self-other distinction and empathy 

Self-other distinction refers to the ability to distinguish the affect experienced by oneself from that of 

others (Lamm et al., 2016). According to the notion of shared representations, there is a shared 

network between the self- and other-related processes underlying the functional mechanism of 

empathy. To share the feelings and emotions of another person, empathy requires us to switch 

between and integrate the mental states of oneself and that person. During this process, it still holds 

a regulatory mechanism to distinguish between those emotions deriving from one’s own to those 

from another person (Decety & Hodges, 2006; Lamm et al., 2016). Failure to dissociate the mental 

states of ourselves’ from others’ might impact regular social interactions (Decety & Sommerville, 2003; 
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Decety & Jackson, 2004), and lead to abnormal imitative behaviors (Steinbeis et al., 2015) and personal 

distress (Decety & Lamm, 2011).  

The right inferior parietal lobule is considered to play a vital role in distinguishing oneself from others 

(Decety & Sommerville, 2003). Recent research has claimed a functional subdivision within this region. 

An anterior portion, namely, the right supramarginal gyrus (rSMG), is suggested to act as a major hub 

selectively engaged in self-other distinction regarding others’ affective states (Decety & Sommerville, 

2003; Silani et al., 2013; Steinbeis et al., 2015; Hoffmann et al., 2016; Bukowski et al., 2020), and a 

posterior subregion - the right temporoparietal junction (rTPJ), is more frequently engaged in 

cognitive self-other distinction, including inferring and reasoning about others’ beliefs and thoughts 

(Steinbeis et al., 2015). Evidence on functional connectivity has exhibited distinguished connectivity 

patterns of these two regions, that the “cognitive area” rTPJ is more strongly connected to regions 

implicated in perspective-taking (e.g., posterior cingulate, temporal pole, and medial prefrontal cortex 

and posterior cingulate), while the “affective area” rSMG is more connected to the regions linked to 

the affective components of empathy (i.e., aIns and aMCC) (Mars et al., 2011). 

Regarding how the self- and other-related processes are represented in these two regions, Cheng et 

al. (2010) employed a task in which participants were instructed either to take a stranger’s or take 

their partner’s perspective when observing pictures exhibiting painful scenes. They found increased 

activations in rTPJ from the stranger’s perspective; moreover, the closer a relationship the participant 

showed with their partner, the greater deactivation was detected in rTPJ. Silani et al. (2013) performed 

an experiment in which participants were required to rate the affective states of themselves or 

another person when their affective experiences were congruent (i.e., both pleasant or both 

unpleasant) or incongruent (i.e., one pleasant and one unpleasant). Results showed increased 

activations in rSMG for overcoming emotional egocentricity bias, that is, the larger difference in the 

judgment between the other’s affect state with that of one’s own, the stronger activation in rSMG. 

Using transcranial magnetic stimulation (TMS), Bukowski et al. (2020) have further confirmed the 

findings of the former study.  

Though previous studies have indicated increased functional connectivity between rSMG and areas 

associated with affect processing (Mars et al., 2011; Bukowski et al., 2020), the mechanism underlying 

how this affective self-other distinction participates in empathy still requires more nuanced insights. 

In Chapter 3, we investigated effective connectivity by means of dynamical causal modeling (DCM) to 

explore the “crosstalk” between areas related to affect processing and self-other distinction that was 

modulated by the recognition of others’ pain in different contexts. In Chapter 4, similar research 

questions were investigated in the emotion of disgust. 
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Empathy, emotion identification, and contextual information 

Contextual information influences how we perceive and understand the suffering of others, and thus 

interacts with the consequences of empathy. Studies have shown that when seeing others in a 

plausible painful situation, contextual reality (e.g., an injection on the cheek with a needle of a syringe 

or with a Q-tip, Gu & Han, 2007) and situational rationality (e.g., an injection on the cheek with a 

needle of a syringe or with a Q-tip, Han et al., 2009) significantly influence the consequences of 

empathy. Furthermore, being aware of whether the suffering of a person is real or just acted also 

influences the empathic response to that person. A study revealed that when participants watched 

video clips showing either fictional victims of violence or actual people being injured or killed, they 

demonstrated more empathic responses to the victims’ suffering when they knew these videos were 

real violence as compared to fictional violence (Ramos et al., 2013). In Chapter 3 and Chapter 4, we 

designed a novel experimental paradigm in which participants were presented with video clips of two 

conditions, a genuine condition and a pretended condition. In the genuine condition, participants 

were informed that they were watching some people displaying painful (Chapter 3) or disgusted 

(Chapter 4) facial expressions when they were genuinely experiencing pain or disgust. Whereas, in the 

pretended condition, participants observed another group of people showing similar painful or 

disgusted expressions but they were informed that these people were merely acting. Particularly, we 

matched the perceptual salience between the genuine and pretended conditions, aiming to 

disentangle those behavioral responses and neural signatures related to perceptual saliency from 

actual affect sharing. With this design, we expected participants to show a higher recognized affect of 

others and higher empathy in the genuine condition as opposed to lower recognized affect and 

empathy in the pretended condition. Hence, we could investigate how processes closely related to 

emotion identification modulated by distinct contextual information resulted in different 

consequences of empathy.   
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Abstract  

The endogenous opioid system is strongly involved in the modulation of pain. However, the potential 

role of this system in perceiving painful facial expressions from others has not been sufficiently 

explored as of yet. To elucidate the contribution of the opioid system to the perception of painful 

facial expressions, we conducted a double-blind, within-subjects pharmacological functional magnetic 

resonance imaging (fMRI) study, in which 42 participants engaged in an emotion discrimination task 

(pain vs. disgust expressions) in two experimental sessions, receiving either the opioid receptor 

antagonist naltrexone or an inert substance (placebo). On the behavioral level, participants less 

frequently judged an expression as pain under naltrexone as compared to placebo. On the neural 

level, parametric modulation of activation in the (putative) right fusiform face area (FFA), which was 

correlated with increased pain intensity, was higher under naltrexone than placebo. Regression 

analyses revealed that brain activity in the right FFA significantly predicted behavioral performance in 

disambiguating pain from disgust, both under naltrexone and placebo. These findings suggest that 

reducing opioid system activity decreased participants' sensitivity for facial expressions of pain, and 

that this was linked to possibly compensatory engagement of processes related to visual perception, 

rather than to higher-level affective processes, and pain regulation. 

Keywords   

Emotion discrimination; facial expression; pain; opioid system; right fusiform face area; naltrexone; 
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1 Introduction 

The ability to perceive pain in others is fundamental in social interaction, as it strengthens social 

connections and promotes care for others’ well-being. Studies have shown that when observing 

others in pain, brain regions involved in the processing of self-directed pain were also activated, but 

this mainly included parts of the affective-motivational component of pain processing, such as the 

anterior mid-cingulate cortex (aMCC) and the anterior insula (AI) (Singer et al., 2004; Botvinick et al., 

2005; Lamm et al., 2011). Recent meta-analytic research has revealed additional activations shared by 

empathy for pain and self-direct pain in the inferior frontal gyrus and supramarginal gyri (Fallon et al., 

2020). Besides, another meta-analysis research demonstrated that the core neural empathy network 

(aMCC and AI) was activated when observing others in painful states as well as in nonpain negative 

affective states (Timmers et al., 2018). Pain is commonly conveyed to others via facial expressions. In 

those studies where visual perception of other’s facial expressions of pain was critical to recognize 

their emotional state, the visual cortex, especially the fusiform face area, has also been repeatedly 

found as activated (Botvinick et al., 2005; Simon et al., 2006; Lamm et al., 2007; Decety et al., 2013). 

Recent meta-analyses have reported involvement of the fusiform gyrus (along with aMCC and AI) in 

empathy paradigms employing facial expressions (Jauniaux et al., 2019; Xiong et al., 2019).     

At the neurochemical level, the endogenous opioid system has been recognized to play an essential 

role in the experience of pain. Abundant studies have demonstrated that the opioid system is involved 

in the modulation of self-pain experience in both sensory and affective states (Singer et al., 2004; 

Botvinick et al., 2005; Lamm et al., 2011). Recently, research has reported that opioid antagonists (e.g., 

naltrexone) and agonists (e.g., buprenorphine) could alter individuals’ sensitivity or responses to facial 

expressions of emotions such as anger, fear, happiness, or sadness, in others (Ipser et al., 2013; Meier 

et al., 2016; Wardle et al., 2016). However, the findings of these studies were rather inconsistent, 

suggesting that definite conclusions regarding the role of the opioid system in recognizing the 

emotions of others are still not possible. 

Moreover, mechanistic evidence on whether and how the endogenous opioid system functions when 

perceiving others’ pain is still lacking. Using positron emission tomography, Karjalainen et al. (2017) 

revealed the involvement of μ-opioid receptor in vicarious pain, and psychopharmacological and 

neuroimaging findings of our own lab (Rütgen et al., 2015a; Rütgen et al., 2015b; Rütgen et al., 2018) 

indicate a causal role of the opioid system in empathy for pain. Recent mediation analyses, though 

somewhat inconclusively, suggest that this may be explained by effects on emotion identification (Coll 

et al., 2017), while related research revealed that other neurochemical mechanisms might play a role 

in empathy for pain as well (Mischkowski et al., 2016). However, since none of these studies had a 
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specific focus on the visual recognition and processing of others’ facial pain expressions, it remains 

unclear whether there is a specific relationship between the opioid system and the perception of pain 

expressions. 

To bridge this gap, we adopted an emotion discrimination paradigm (Young et al., 2002; Cook et al., 

2013), to investigate whether the opioid system influences discrimination of morphed facial 

expressions between pain and another emotion (i.e., disgust in the present study). The reasons to 

morph disgust, instead of other emotions, with pain were twofold: 1) Pain and disgust facial 

expressions share some similarities but are still distinct enough to be distinguished from each other 

(Kunz et al., 2013; Sharvit et al., 2015); 2) According to a recent review (Nummenmaa & Tuominen, 

2018), the endogenous opioid system is engaged in modulating a wide range of basic emotions (e.g., 

anger, fear, sadness, and pleasure), while there is only scarce evidence for the potential involvement 

of the opioid system in the modulation of disgust (which appears to be rather susceptible to other 

types of modulation, such as the oxytocin system; see Kavaliers et al., 2019). Disgust for these two 

main reasons thus appeared to be a reasonable choice, especially in comparison to other emotions. 

However, when designing the study and when discussing the results, we were aware that absence of 

evidence does not imply evidence of absence of effects on disgust.  

Specifically, in a pharmaco-fMRI study, we applied an emotion discrimination task to examine whether 

administration of the opioid antagonist naltrexone influenced how painful facial expressions were 

discriminated from disgust expressions, and to which brain areas this was associated. In terms of our 

initial research interest, the focus was on the core empathy affective regions (i.e., aMCC and bilateral 

AI) and regions of interests (ROIs) were determined accordingly (based on the meta-analysis of Lamm 

et al., 2011; see also Rütgen et al., 2015). Besides, since results from the parametric modulation 

analysis showed significant activity in the FFA (especially in the right hemisphere), we identified this 

region as a fourth (post-hoc exploratory) ROI. Apart from FFA, the superior temporal sulcus (STS) is 

another region that was frequently reported in studies of facial expression processing (Narumoto et 

al., 2001; Engell & Haxby, 2007; Wegrzyn et al., 2015).However, we did not find significant parametric 

modulation of activation in the STS. Studies have shown that the STS is preferentially engaged during 

the processing of dynamic facial expressions; the FFA, on the other hand, is preferentially engaged 

during the processing of static facial expressions (Pitcher et al., 2011; De Winter et al., 2015). Given 

that only static facial expressions were used in the present study, this may be the reason why we only 

saw parametric modulation in FFA, which is why we focused on this area rather than STS. Based on 

the rather controversial previous findings, our hypothesis regarding behavioral discrimination was 

two-sided, while our analyses of the neural underpinnings focused on areas related to the 
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discrimination of pain expressions, including the fusiform face area (FFA), the anterior mid-cingulate 

cortex (aMCC), and the anterior insular cortex (AI).  

2 Method 

2.1 Participants 

Fifty-two participants (30 females; age: 24.06 ± 3.39 years) were recruited through online 

advertisements. Exclusion criteria were left-handedness and any history or presence of neurological 

and psychiatric disorders. In addition to the online MRI safety-check questionnaire, all participants 

were screened by a physician at the Faculty of Psychology, University of Vienna, including a medical 

history check, and basic physical examination. Nine participants who did not show up for the second 

session were excluded. One further exclusion was due to a consistent failure to discriminate pain and 

disgust expressions. The final dataset thus consisted of 42 participants (24 females; age: 24.12 ± 3.50 

years). The study was approved by the ethics committee of the Medical University of Vienna and was 

conducted in line with the latest version of the Declaration of Helsinki (2013) of the World Medical 

Association (https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-

medical-research-involving-human-subjects/). All participants provided written consent to participate. 

2.2 Paradigm 

While their brains were being scanned using fMRI, participants were engaged in a modified version of 

the emotion discrimination task (Cook et al., 2013), in which facial expressions were morphed along a 

continuum between pain and disgust from 20% to 80% in 10% steps. In the original version of Cook et 

al., a surprise-fear continuum was derived from the same person, comprising seven images morphing 

between surprise and fear while holding the face identity constant. Here, we adopted a pain-disgust 

continuum using pictures of pain and disgust expressions from the same person. In each trial, after 

1500 ms fixation, a facial expression was presented on the screen, which consisted of a morph 

between two original images showing pain and disgust (e.g., 50% pain and 50% disgust) for 800 ms. 

The stimulus presentation time was chosen according to the one of the original task paradigm by Cook 

and colleagues (2013). Following each stimulus, a prompt asking “pain or disgust?” was presented on 

the screen, and participants were required to judge whether the previous expression was showing 

pain, or disgust (see Fig. 1). Studies have found that the gender of targets affected observer’s speed 

and accuracy as well as neural responses when detecting facial expressions of pain (Simon et al., 2006; 

Riva et al., 2011), which seemed to suggest a potential difference in the mechanism underlying 

processing pain expressions of male and female targets. Consequently, we decided to use faces from 

one gender (female here) to minimize this potential confound of the behavioral and neural responses. 

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
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The original facial expressions of pain and disgust had been extracted from the Montreal Pain and 

Affective Face Clips (Simon et al., 2008), using images extracted from two females’ clips. Morphs were 

adopted and generated with FantaMorph 5 (Deluxe edition; http://www.fantamorph.com/), with 

each individual morph image using pain and disgust pictures from the same female. 

2.3 Procedure 

Participants were invited to visit the lab twice to take part in two functional magnetic resonance 

imaging (fMRI) sessions, separated by at least one week, to ensure complete drug washout (Bisaga et 

al., 2018). In each session, participants received either 50 mg naltrexone or an inert substance (i.e., 

placebo), in a double-blind fashion. Session order was counterbalanced, and pills were delivered with 

the cover story that they were “MRI signal enhancer pills”, which was done in order to avoid that 

subjective beliefs about the study aims and opioid action would bias the results. However, participants 

were fully informed about the possible effects in the consent form, including possible side effects of 

naltrexone as part of the consent form. All participants signed the consent form as an agreement of 

participation after they completely understood and already evaluated any possible risk or adverse 

effects regarding the naltrexone administration. 

Experimental sessions took place at the University of Vienna MR Centre. Before administering the pill, 

participants were screened for drug consumption again, using a urinary drug test. Then, participants 

were instructed to orally take a pill, which either contained naltrexone or the inert substance 

(placebo). They were further required to wait for 45 min for the drug to take effect (KatzenPerez et 

al., 2001; Price et al., 2016). After the waiting time, participants experienced a cold pressor test (CPT) 

in which they were asked to immerse one of their hands into cold water (1 ~ 5 °C) as long as they 

could. The CPT procedure could promote endogenous opiate activation (Jungkunz et al., 1983; 

Washington et al., 2000; Robertson et al., 2008). From an experimental design perspective, we feared 

that the effect of the opioid blockade would be negligible at a baseline level. By applying a cold pressor 

test (CPT), we sought to induce endorphin release (Casale et al., 1985; King et al., 2013) and, 

consequently, a greater difference between placebo and naltrexone sessions. Afterwards, participants 

were led into the scanner room and first underwent an empathy for pain task (Rütgen et al., 2015b), 

whose findings are outside the scope of the present paper, and then the emotion discrimination task. 

In the emotion discrimination task, participants were required to judge 140 morphed facial 

expressions presented in a pseudorandom order on whether it was pain or disgust, by pressing either 

the left or right button on the MRI-compatible button box. The left button represented the choice of 

pain expression, and the right button represented the choice of disgust expression. This button 

assignment was kept identical to the original version. Participants were instructed to respond as 

http://www.fantamorph.com/
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accurately and fast as possible. Though there was no time limit in the judgement phase, trials whose 

reaction time was longer than 4s were regarded as invalid, and the ratio of invalid trials was taken into 

account during data analysis. According to the histogram of reaction times (RT) we plotted, the bulk 

of RTs were below 4 s, and the RTs above 4 s were rather variable (RT range: 4.06 ~ 24.35 s). To reduce 

unsystematic RT variations, we excluded RTs above 4 s (3.5‰ of all data). No difference of trial 

numbers between sessions was found after excluding outliers, t41 = 1.07, p = .293. The jitter between 

trials varied at random between 3000 to 5000 ms (see Fig. 1). Following this run, an anatomical scan 

was performed. After scanning, participants reported on 51 potential side-effects of naltrexone in a 

binary fashion (yes/no).  

Participants were scheduled for the second fMRI session at about the same time of day, but at 

minimum one week later. The procedure of the second session was the same as the first one, except 

that participants who received naltrexone in the first session were given the placebo in the second 

session and vice versa. At the end of the second session, participants were debriefed and received 90 

EUR overall for their participation.  

 

Fig. 1. Experimental procedure. Upper panel: Following a fixation cross (displayed for 1500 ms), participants 

were presented with a morphed facial expression image selected from one out of seven options differing in the 

composition of pain and disgust intensities (e.g., 50% pain and 50% disgust, as shown here) lasting for 800 ms. 

After each stimulus, participants needed to judge whether the presented expression was pain or disgust. Lower 

panel: The facial expressions continuum from one of the two female characters. The seven stimuli are shown 

here for illustration purposes, participants only saw the images in the upper row, at full-screen size. 
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2.4 Behavioral analysis 

We examined whether naltrexone affected participants’ discrimination performance of pain 

expressions by comparing the fitted trends of participants’ pain choices at each pain intensity. 

According to previous studies, the relationship between categorical perception and the morphed 

stimuli could be fitted into a sigmoid function (McKone et al., 2001; McCullough & Emmorey, 2009; 

Granato et al., 2012). Following this procedure, we fitted a sigmoid model to each participant’s pain 

choices (proportion of answering “pain”) at seven intensities, and then extracted the fitted 

parameters: the slope of the sigmoid curve and the point of subjective equivalence (PSE) at which 

participants equally chose pain or disgust (Cook et al., 2013) using the Palamedes toolbox 

(http://www.palamedestoolbox.org/). Two-tailed paired t-tests were conducted to test drug effects 

in slope and PSE values.  

We further tested whether, on average and on any pain intensity, there were drug effects on the 

proportion of pain choices across the seven intensities regardless of the slope. A linear mixed effect 

(LME) model (M1) with drug (Naltrexone vs. Placebo), pain intensity (20% to 80%), and their 

interaction as fixed factors and subject identity as the random intercept was created. Subject identity 

here refers to the identifiers (i.e., subject ID) that were used to encode and discriminate different 

subjects, and they were applied as random intercepts in LMEs. To set subject identity as random 

intercepts could effectively control the inter-subject variation merely related to sample selection itself 

instead of the experimental manipulation. This approach has more advantages than the traditional 

ANOVA method. As the interaction was not significant, it was removed from M1. To test whether there 

was an alternative model that better fitted the data, we estimated a second LME model (M2) with 

pain intensities as random slope and performed model comparison between M1 and M2. We did not 

include drug groups as another random slope because it is commonly not recommended to consider 

as random slopes when a factor only has two levels (Barr et al., 2013). In fact, this full model, pain 

choices ~ drug * pain intensity + (drug * pain intensity | subject identity) failed to converge. Thus, we 

compared M1 and M2, and results showed that M1 (AIC: 2641.7) better accounted for the data than 

M2 (AIC: 2650.4; χ² = 45.33, p = .015). Therefore, the final LME model we chose included the two main 

effects of drug effect and pain intensity as fixed factors and subject identity as a random intercept, 

without any random slope.  

Two additional linear mixed effect models were constructed to test whether brain activation in the 

visual region of interest (ROI, see below) could predict behavioral responses, and whether this differed 

between the naltrexone and the placebo session. For each session, a model with the proportion of 

pain choices at each pain intensity as the dependent variable, percent signal change (PSC) of the seven 

http://www.palamedestoolbox.org/
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pain intensities in the visual ROI in the corresponding session as the fixed factor, and subject identity 

as a random intercept was set up. Fisher’s z transformation was performed on the coefficient of 

determination (R2) of the two sessions. Based on the transformed z scores, a one-sample t-test was 

conducted to assess drug effects. Statistical significance was calculated with Satterthwaite 

approximation for degrees of freedom and set as p < .05. 

Lastly, we tested for differences in reported side-effects between sessions. A two-tailed paired t-test 

was performed using SPSS version 25 (IBM Corp, Armonk, NY, USA) on the sum score of all items. As 

nausea, one of the known potential side-effects of naltrexone, may likely interfere with the processing 

of disgust, we additionally conducted a two-tailed Fisher’s exact test for this specific item.  

2.5 MRI acquisition and data preprocessing  

MRI data were acquired using a 3T Siemens Magnetom Skyra MRI scanner (Siemens, Erlangen, 

Germany) with a 32-channel head coil. Functional whole-brain scans were collected using a multiband 

accelerated T2*-weighted echoplanar imaging (EPI) sequence (32 slices, multiband acceleration factor 

= 4, TR = 704 ms, TE = 34 ms, flip angle = 50°, FOV = 210 × 210 mm, voxel size = 2.2 × 2.2 × 3.5 mm). 

Structural images were acquired with a magnetization-prepared rapid gradient-echo (MPRAGE) 

sequence (176 slices, TR = 2300ms, TE = 2.29 ms, flip angle = 8°, voxel size = 0.9 × 0.9 × 0.9 mm, FOV 

= 240 × 240 mm). Imaging data were preprocessed with Statistical Parametric Mapping (SPM12; 

Wellcome Trust Centre for Neuroimaging, London, UK, 

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/). 

Preprocessing included realignment to the first image of the first session for both sessions, co-

registration to the T1 image, segmentation, normalization to MNI template space using Diffeomorphic 

Anatomical Registration Through Exponentiated Lie Algebra (DARTEL) toolbox (Ashburner, 2007), and 

smoothing with a 6 mm full width at half-maximum (FWHM) Gaussian kernel.  

In order to improve data quality, functional scans were individually scrubbed with the frame-wise 

displacement (FD) over 0.5 mm (Power et al., 2012; Power et al., 2014). That is, we identified individual 

outlier scans and flagged the volume indices as nuisance regressors into the General Linear Model 

(GLM) of the first-level analysis. 

Functional scans corresponding to trials whose reaction time was less than 100 ms or more than 4 s 

were identified as additional nuisance regressors (i.e., invalid trials; 7.1% of all trials, number of 

remaining trials (Mean ± SD) out of 140 trials: naltrexone session: 128.10 ± 15.97, placebo session: 

132.05 ± 9.38, no significant difference between two sessions on average, t41 = -1.693, p = .98).  

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
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2.6 First-level analysis 

Two design matrices were created. First, we aimed to ensure that our task widely activated the brain 

network underlying perception of facial expressions as a task manipulation check (GLM1). The 

following regressors were entered in the model for both sessions: picture onsets of valid trials, picture 

onsets of invalid trials (invalid as defined above, i.e., those trials whose reaction time < 100 ms or > 4 

s; if any), judgment onsets of valid trials, and judgment onsets of invalid trials (if any). Six head motion 

parameters and the scrubbing regressors (FD > 0.5 mm; see above) were further entered as nuisance 

regressors. A contrast (pictures > baseline, across naltrexone and placebo sessions) was created out 

of our main interest; besides, a reversed contrast (baseline > pictures, across naltrexone and placebo 

sessions) was created as a comparison to the contrast of interest. Second, we sought to test wherein 

the brain showed parametric responses with pain intensity of and in the morphs (i.e., 20%, 30%, 40%, 

50%, 60%, 70%, and 80%; GLM2). GLM2 included the following regressors: picture onsets of valid trials, 

pain intensity of valid trials (parametric modulator), picture onsets of invalid trials (if any), pain 

intensity of invalid trials (if any), judgment onsets of valid trials, and judgment onsets of invalid trials 

(if any). Six head motion parameters and the scrubbing regressors (FD > 0.5 mm; see above) were 

further entered as nuisance regressors. Note that in GLM2, we only focused on the picture onset 

regressor and the pain intensity parametric regressor; all the other regressors were included to 

account for variances of no interest. Although no jitter was implemented between imaging viewing 

and the judgement phase, no multicollinearity was observed between picture onsets and the 

parametric regressor of pain intensities (Spearman rank-order correlation: r = -.03, p = .77). 

Furthermore, the naltrexone and placebo sessions of each subject were entered separately into the 

same first-level GLMs. Contrasts (i.e., naltrexone: parametric modulator > baseline; placebo: 

parametric modulator > baseline) were generated to assess the effect of the increased pain intensities 

in each session against the implicit baseline.  

2.7 Second-level analysis  

On the group level, we implemented random-effects analyses across all subjects in SPM12. For GLM1, 

the threshold for the manipulation check was set at a whole-brain family-wise error (FWE) correction 

of p < .05, at the voxel level. For GLM2, we applied an initial threshold of p < .001 and FWE correction 

(p < .05) at the cluster level, which is a conventional threshold in general for fMRI analyses (Woo et 

al., 2014). The reason for applying an even stricter threshold for the former was that GLM1 was a 

manipulation check (i.e., pictures > baseline), in which very strong activation and thus higher effect 

sizes were expected. The extent threshold of GLM2 was determined by the SPM extension 

“cp_cluster_Pthresh.m” (https://goo.gl/kjVydz) with a cluster extent of p < .05 corrected for multiple 

https://goo.gl/kjVydz
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comparisons across the whole brain. As a result, the cluster extent threshold for GLM2 was set at k 

= 351, with an initial selection threshold of p < .001. 

2.8 Region of interest analysis 

In addition to the whole-brain analyses, we further defined two types of Regions of Interest (ROIs) 

related to the discrimination of pain expressions, and then performed an ROI analysis. First, regions 

representing empathy for pain based on a meta-analysis (Lamm et al., 2011) were selected, including 

the anterior mid-cingulate cortex (aMCC, MNI peak: -2, 23, 40), the left anterior insula (lAI, MNI peak: 

-40, 22, 0), and the right anterior insula (rAI, MNI peak: 39, 23, -4). Spheres of 10 mm radius centered 

at each peak coordinate were created as ROI masks (Rütgen et al., 2015b). Second, regions from the 

significant activation of parametric modulators were identified: a significant cluster in the right visual 

association cortex (MNI peak: 18, -84, -12; Brodmann area 18, 19, and 37) was found to be positively 

correlated with pain intensity averaged across two sessions (i.e., naltrexone vs. placebo; contrast 

weight [0.5, 0.5]; see Fig. 5a and 5b below). This visual ROI was orthogonal to the analyses that were 

subsequently performed. 

Drug effects (i.e., naltrexone > placebo) were checked in terms of the mean activation in those ROIs 

(aMCC, lAI, and rAI), regardless of pain intensity. We did not perform this analysis on the visual ROI as 

the definition of this ROI implicitly contained pain intensity information. The mean signal values of 

each ROI were extracted with the REX toolbox (Massachusetts Institute of Technology, Cambridge, 

MA, USA). Three two-tailed paired t-tests on drug effects were conducted. Additionally, we 

investigated whether any drug effects occurred in all four ROIs as the pain intensity increased (i.e., 

drug effects of the parametric regressors). We first tested if there was a significant ROI activation of 

the parametric regressors averaged across the two sessions (i.e., naltrexone vs. placebo: contrast 

weight [0.5, 0.5]) after small volume correction (SVC). To achieve an estimate of the brain activity 

regarding each specific experimental condition, percent signal change (PSC) values were estimated 

and applied in the following analyses (Gläscher, 2009). As only the visual ROI passed SVC, we 

respectively extracted PSC values for each individual in the visual ROI on all seven pain intensities for 

both sessions, using the rfxplot toolbox (Gläscher 2009; http://rfxplot.sourceforge.net/). 

We then examined putative drug effects in the PSC values of each pain intensity with a linear mixed 

effect (LME) model. The model was performed using the lme4 package (v 1.1-21; https://cran.r-

project.org/web/packages/lme4/index.html) in R. The full model included drug (Naltrexone and 

Placebo), pain intensity (20%, 30%, 40%, 50%, 60%, 70%, and 80%), and their interaction as fixed 

factors and subject identity as a random intercept. As the interaction term was not significant, we 

removed it from the model and report results from the model which only included the main effects. 

http://rfxplot.sourceforge.net/
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/lme4/index.html
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Statistical significance was calculated with Satterthwaite approximation for degrees of freedom and 

set as p < .05. 

3 Results 

3.1 Behavioral Results 

3.1.1 Slope and point of subjective equivalence (PSE) of Sigmoid function  

In general, sigmoid functions showed good individual fit for both the naltrexone and the placebo 

sessions (see Fig. 2 for an example subject’s fitted curve). Paired t-tests showed that there were no 

significant drug effects, neither in slope (t41 = .46, p = .65) nor in terms of the PSE values (t41 = 1.26, p 

= .22) of the fitted Sigmoid functions.  

Fig. 2. Example subject’s Sigmoid function showing the relationship between pain intensity and pain response. 

For the shown subject’s data, there is no difference in either the point of subjective equivalence (PSE), or the 

slopes in the naltrexone session (left panel) and the placebo session (right panel). PSE is indicated by the red 

circle in each plot, and the average slope of the curve generally represents how accurate when participants 

judged an expression as pain or disgust. The steeper the slope, the better the performance. 

 

3.1.2 Linear mixed effect (LME) model of pain choices 

Results from the linear mixed effect model (main effects only model; see Methods) for drug and 

intensity showed that the main effect of drug (F1,488 = 3.92, β = .47, p = .048) and intensity (F6,489 = 

497.41, the smallest β = .80, p < .0001) were both significant. The post-hoc Tukey test between 

different levels of pain intensities (across naltrexone and placebo sessions) showed that the majority 

of comparisons (except 30% vs. 20% pain, 70% vs. 60% pain, and 80% vs. 70% pain) were significant 
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(Supplementary Table 1). On average, participants made less frequent pain choices in the naltrexone 

session than in the placebo session, and generally (no interaction effect with drug) when pain intensity 

increased, participants showed an increasing probability of making a pain judgment (Fig. 3). 

Fig. 3. Effects of drug and pain intensity on responses of pain expressions. The proportion of judging an 

expression as pain at each pain intensity was illustrated for the naltrexone session (green) and the placebo 

session (orange). For the effect of drug, LME analysis indicated that the administration of naltrexone on average 

induced fewer pain choices compared with the placebo session. For the effect of pain intensity, in general, more 

pain choices were made as pain intensity increased. Error bars represent the 95% confidence interval. 

  

3.1.3 Comparison of side effects 

The two-tailed paired t-test on the sum score of potential side effects of naltrexone between sessions 

remained nonsignificant (t41 = 1.59, p = .12). The two-tailed Fisher’s exact test on differences in 

reported nausea between sessions was not significant either (p = 1.00). Specifically, only two 

participants reported nausea in the naltrexone session and one reported nausea in the placebo 

session.  

3.2 Imaging results  

3.2.1 Task manipulation check and parametric modulation 
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We performed two contrasts for the manipulation check: pictures > baseline, and the reverse contrast 

baseline > pictures. As expected, the brain network underlying perception of facial expressions was 

widely activated, including regions that we were interested in, namely, the fusiform face area, anterior 

insula, and anterior mid-cingulate cortex. See Fig. 4 for a graphical display of the two contrasts, and 

Table 1 for a summary of all findings.  

Within the parametric modulation model, the contrast on naltrexone vs. placebo ([0.5, 0.5]) revealed 

a cluster in the right visual association cortex (MNI peak: 18, -84, -12), including what has been labeled 

in previous research as the fusiform face area (e.g., MNI local peak: 26, -54, -14); see Fig. 5a and 5b. 

In other words, this area showed a parametric increase of activation with increasing pain intensity, on 

average across both sessions. 

Fig. 4. Neural correlates of the contrasts of pictures > baseline and baseline > pictures. (a) In the upper panel, 

pictures > baseline mainly revealed activation in left postcentral gyrus, right fusiform gyrus, left inferior frontal 

gyrus, left supplementary motor area, right angular gyrus, and right calcarine sulcus (k > 1000); baseline > 

pictures, mainly activated right precuneus, left middle occipital cortex, left middle frontal cortex (k > 1000). More 

extensive and stronger activity was generally detected when comparing pictures vs. baseline than the reverse 

contrast. (b) In the lower panel, pictures > baseline showed that the paradigm led to significant activation in 
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regions that we were interested in. rFFA = right fusiform face area, lFFA = left fusiform face area, rAI = right 

anterior insula, lAI = left anterior insula, and aMCC = anterior mid-cingulate cortex. Thresholded at voxel-level 

FWE corrected p <.05. 

 

Table 1. Results of the manipulation check for contrasts pictures > baseline and baseline > pictures (p < .05 

voxel-level FWE-corrected), in MNI space. Comparing pictures vs. baseline revealed significantly stronger 

activation in right visual cortices. Besides, more brain areas and more voxels, in general, were activated with the 

contrast of pictures vs. baseline compared to baseline vs. pictures. These findings suggest that the task 

manipulation was successful. Region names were labeled with the AAL atlas. BA = Brodmann area, L = left 

hemisphere, R = right hemisphere.  

 

Region label  BA Cluster size x y z t-value 

Pictures > baseline 

Postcentral_L 1 18565 -38 -25 45 15.01 

Fusiform_R 37 19239 36 -43 -21 14.08 

Frontal_Inf_Oper_R 44 7770 44 11 24 13.38 

Supp_Motor_Area_L 6 5379 -4 8 54 13.03 

Thalamus_L 50 903 -12 -21 2 9.79 

Angular_R 39 2238 33 -58 46 9.29 

Calcarine_R 17 1051 16 -66 9 8.79 

Insula_R 13 189 38 -1 12 8.39 

Cingulum_Mid_R 24 123 6 6 30 8.32 

Temporal_Mid_L 21 526 -48 -48 8 7.82 

Calcarine_L 17 660 -14 -70 9 7.81 

Lingual_R 30 204 16 -36 0 6.97 

Amygdala_R 34 20 33 2 -18 6.77 

Thalamus_R 50 202 8 -13 2 6.73 

Cerebellum_L 18 15 -8 -75 -44 6.28 

Paracentral_L 1 80 -4 -30 60 6.09 

Cuneus_R 19 14 15 -66 34 5.36 

Temporal_Sup_R 22 2 52 -9 -9 5.16 

Baseline > pictures 

ParaHippocampal_L 36 830 -34 -39 -10 10.61 

Precuneus_R 7 6835 4 -49 58 9.99 

Temporal_Sup_R 41 423 59 -27 9 8.47 

Occipital_Mid_L 39 1539 -40 -76 30 8.17 

Cuneus_L 18 603 -2 -96 18 8.15 
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3.2.2 ROI results 

We performed follow-up ROI analyses on the defined ROIs. First, three paired t-tests were performed 

on ROIs aMCC, lAI, and rAI to test whether there were significant drug effects on the means of seven 

pain intensity. None of the three regions showed significant difference between the naltrexone 

session and the placebo session (t41 = 0.10, - 0.003, and -0.20, respectively, all p values > .86). Next, 

SVC was performed for all four ROIs to investigate whether there was significant parametric activation 

across the two sessions. Results showed that only the visual ROI passed the SVC (p < .0001, cluster-

level FWE-corrected) with the initial threshold of p < .001, uncorrected. Therefore, the following LME 

analyses were only performed with the visual ROI.  

 3.2.3 Linear mixed effect (LME) model of brain activation 

Results showed that significant main effects of drug (F1,484 = 4.57, β = -.02, p = .03) and intensity (F6,486 

= 3.48, the smallest β = .013, p = .002), see also Fig. 5c. As for drug, activation (percent signal change) 

was on average higher in the naltrexone than in the placebo session. As for intensity, a Tukey post-

hoc showed that, when comparing higher pain intensity with lower pain intensity conditions, all t 

values were positive, and among these comparisons, significant higher PSC values were achieved in 

the comparisons of 70% vs. 20% pain and 70% vs. 40% pain (t485 = 3.89, p = .002; t488 = 3.14, p = .03), 

and trends in the same direction were observed in the comparisons of  70% vs. 30% pain and 80% vs. 

Frontal_Mid_L 8 1031 -22 24 46 7.99 

Precuneus_L 23 822 -8 -54 9 7.9 

Insula_R 13 362 42 -9 -4 7.23 

Angular_R 39 589 57 -51 30 6.86 

Frontal_Sup_R 8 712 26 30 50 6.79 

Occipital_Mid_R 19 121 42 -76 26 6.63 

Hippocampus_R 54 44 39 -24 -12 6.41 

Frontal_Mid_L 6 78 -40 15 54 6.39 

Frontal_Sup_Medial_L 10 378 -10 51 20 6.32 

Frontal_Mid_R 9 25 29 51 39 6.19 

Temporal_Inf_L 37 50 -58 -54 -14 6.13 

Frontal_Sup_L 10 37 -24 63 26 6.12 

Cerebelum_L 19 19 -30 -78 -39 5.66 

Frontal_Sup_R 9 2 22 -10 69 5.36 

SupraMarginal_R 40 9 48 -27 26 5.29 

Occipital_Sup_R 19 18 24 -81 39 5.27 
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20% pain (t487 = 2.85, p = .07; t485 = 2.80, p = .08). Overall, the results thus indicate that on average  

there was a higher activation in the visual ROI in the naltrexone session compared with the placebo 

session, and that the higher pain intensities in general, and irrespective of drug, showed stronger 

activation than the lower pain intensities. 

Fig. 5. Neuroimaging findings of parametric activation in right visual cortex (a) Neural correlates of parametric 

effects of pain intensity averaged across sessions. Activation was mainly localized to the right higher-order 

visual cortex (MNI peak: 18, -84, -12), and encompassed what has been referred to as the fusiform face area 

(FFA). This activity was observed under the threshold of p < .05 cluster-level FWE correction. (b) Mean 

activations of the parametric modulators in the visual ROI in the naltrexone session and the placebo session. 

Both sessions showed positive mean values of the parametric modulators in the visual ROI. This result indicates 

that as the intensity of expressed pain increased, activity in the ROI increases as well, in both sessions. (c) Effects 

of drug and pain intensity on PSC in the visual ROI. For the effect of drug, significant higher parametric 

modulation of the ROI activation on average was observed in the naltrexone session compared to the placebo 

session; for the effect of pain intensity, in general, high pain intensities (e.g., 60%, 70%, and 80%) showed 

increased activation in the visual ROI compared with low pain intensities (e.g., 20%, 30%, and 40%). Error bars 

show the 95% confidence interval.  
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3.3 Association between visual neural activity and pain choices  

Two LME regression analyses were conducted to explore whether the neural activation in the visual 

ROI could predict behavioral responses in the naltrexone session and the placebo session, 

respectively. Results showed that in the naltrexone session, PSC in the visual ROI explained 4% of the 

variation in the proportion of pain choices, R2 = .04, p = .001; and in the placebo session, PSC in the 

visual ROI explained 2% of the variation in the proportion of pain choices, R2 = .02, p = .047. (Fig. 6). 

The one-sample t-test of Fisher’s z scores showed there was no statistical difference in R2 between the 

two sessions (p = .36). This implies that the visual ROI on average explained 3% of the variance of the 

behavioral choice, and that the naltrexone and placebo sessions did not differ in their brain-behavior 

predictions.  

Fig. 6. Association between brain and behavior. LME regressions of PSC values in the visual ROI predicting the 

proportion of pain choices. Each data point represents an individual’s proportion of pain choices and its 

corresponding PSC activation at a certain pain intensity in the naltrexone session (green) and the placebo session 

(orange). Shaded regions indicate the 95% confidence interval. 
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4 Discussion 

The present study aimed to examine whether the opioid system influences the perception of pain 

expressions, using an emotion discrimination task. A double-blind cross-over within-subject design 

was applied, to investigate whether administration of the opioid antagonist naltrexone affected 

participants’ judgments on whether a facial expression showed pain, and with what kind of neural 

activation this was associated. In brief, the results indicate that naltrexone decreased participants’ 

discrimination on pain expressions, and more pain choices were generally made for higher pain 

intensities. The disturbance of the endogenous opioid system by naltrexone induced more activation 

in the right visual association cortex including FFA, and higher visual activity was detected with the 

high pain intensities (i.e., 70% and 80%) compared with the low pain intensities (i.e., 20%, 30%, and 

40%).  

We find that naltrexone decreased the probability for participants to judge an expression as pain. This 

finding provides evidence of the effects of the opioid antagonist on the discrimination of facial pain 

expression, suggesting a lower sensitivity to painful facial expressions resulting from the decrease in 

opioid system activity. Studies have demonstrated a reduction in seeking certain social cues under 

antagonism of the opioid system by naltrexone (Chelnokova et al., 2016; Wardle et al., 2016). The 

evolutionary meaning of pain is believed to work as a cue to aversive stimuli that constitute a potential 

threat to the individual (Kavaliers, 1988; Broom, 2001). In this respect, pain and in particular 

expressions that can be perceived by others also has an important social and communicative function, 

allowing the person in pain to signal that they are in need of help, apart from signaling potential 

dangers and threat to others. Thus, seeing others in pain is likely to induce empathy and concern, and 

to increase the intention of showing prosocial behaviors, including the provision of psychological 

comfort and concrete helping behaviors (Goubert et al., 2005; Hein et al., 2011; Masten et al., 2011; 

van der Meulen et al., 2016). In this respect, it is important to note that the opioid system has been 

linked to different facets of prosociality. For instance, release of endogenous opioids has been 

associated with social bonding, attachment, and empathy (Machin & Dunbar, 2011; Rütgen et al., 

2015b; Nummenmaa & Karjalainen, 2018; Nummenmaa & Tuominen, 2018; Rütgen et al., 2018). 

Therefore, the decreases in discriminating others’ facial expressions as showing pain under opioidergic 

blockade might suggest an attenuation in the sensitivity of pain expression perception, which 

ultimately may result in a decrease in the social-affective link between persons, and a corresponding 

reduction in prosociality. This needs to remain a speculation, and the current data are not conclusive 

in this respect, as activation in the insular and cingulate cortex, i.e., areas previously linked to empathy 

and prosocial concern, were not affected by the opioid antagonist. 
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The observation that higher-order visual cortex was the only area that showed effects of naltrexone 

thus poses the question what kind of processes were affected by the opioid system in the current 

study. The LME results show that stronger blood-oxygen-level-dependent (BOLD) signals of the 

parameter pain intensity in the visual ROI were detected in the naltrexone session compared with the 

placebo session, indicating a significant distinction in the visual activity specifically related to 

discriminating pain expressions. One possibility is that the increased visual activation under naltrexone 

might reflect a compensatory effect in coping with the reduced visual sensitivity to pain expressions. 

Previous studies have stated that the opioid system was engaged in maintaining visual perceptual 

processing, for example, visual attention (Dalley et al., 2005; Chelnokova et al., 2016). In this study, 

the normal visual perceptual processing was disturbed by naltrexone. As a consequence, the visual 

sensitivity to the facial expressions of pain was affected. In order to recover or compensate for the 

blunting of visual sensitivity, there may have been an increase in activity in the visual cortex (possibly 

of neurons that do not use opioidergic neurotransmission) in an attempt to overcome the reduced 

visual sensitivity. This idea of the visual compensatory effect is supported by research on old adults 

(Riis et al., 2008) and patients with Alzheimer’s disease (Bokde et al., 2009). However, it should be 

noted that this compensatory effect is merely a fine adjustment and cannot reverse the whole 

activation pattern in the visual cortex. 

The results of how the visual ROI activation predicted behavioral responses demonstrate that the 

visual activation detected in this study is necessarily associated with discriminating pain expression of 

varied intensities. It showed that irrespective of the pharmacological manipulation, visual activation 

in that area was always positively correlated with and predicted, though with a rather low effect size, 

the increased intensities of pain expression. The location of the visual ROI is centered in the 

extrastriate cortex (i.e., V2, V3, and V4), and extends to the middle fusiform gyrus. This subregion of 

the fusiform gyrus has been repeatedly referred to as the “fusiform face area” (Kanwisher et al., 1997; 

McCarthy et al., 1997; Dubois et al., 1999; Halgren et al., 1999; Haxby et al., 1999; Tong & Nakayama, 

1999). Studies have robustly revealed that the FFA exhibits a stronger activation to faces rather than 

nonface stimuli (Kanwisher et al., 1997; McCarthy et al., 1997; Halgren et al., 1999; Haxby et al., 1999). 

Even though it has been suggested that FFA is an area linked to perceptual identification of the face, 

some studies have also indicated its involvement in processing facial expressions (Ganel et al., 2005; 

Fox et al., 2009). On top of that, the function of processing facial information in FFA has been found 

to exhibit a right hemisphere dominance (Haxby et al., 1999; Barton et al., 2002; Rossion et al., 2003a; 

Rossion et al., 2003b; Ganel et al., 2005; Fox et al., 2009). This is confirmed in our study for that only 

activation in the right FFA instead of the left was observed when facial expressions were perceived 

with increased pain intensity. In accordance with previous studies, our findings verify that the right 
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FFA not only gets engaged in general facial recognition but also modulates perception on facial 

expression features such as the intensity of pain expressions (Calder & Young, 2005; Eichmann et al., 

2008; Loughead et al., 2008). Furthermore, this activity found in the right FFA was modulated by the 

opioid system, suggesting an underlying opioidergic mechanism engaged in the facial processing of 

emotional expressions via the ventral stream. 

As pain intensities increased, we did not find significant parametric increases in activity of the anterior 

insula and the anterior mid-cingulate cortex. This could be related to the aversive nature of both pain 

and disgust. However, it is important to note that our manipulation check analyses showed significant 

activity in the bilateral anterior insular cortex and the anterior mid-cingulate cortex when comparing 

the task with baseline, as expected. Therefore, the absence of parametric modulation in these regions 

might imply naltrexone had no unique modulatory effect on the affective components of perceiving 

pain expressions. 

We would also like to address the potential clinical implications of our work, which may have 

significant meaning with respect to the diagnosis and therapeutic interventions of pain. First, patients 

with chronic pain, especially those who were high in fear of (re)injury, showed strong attention bias 

towards painful facial expressions (Khatibi et al., 2009). Furthermore, participants with high 

catastrophizing personality were found to exhibit longer gaze duration for both pain and neutral 

expressions (Vervoort et al., 2013). Observation of others’ pain expressions, however, has been 

detected to increase pain perception in self (Mailhot et al., 2012; Vachon-Presseau et al., 2012; 

Reicherts et al., 2013; Khatibi et al., 2014; Khatibi et al., 2015). It has thus been argued that the 

facilitation of pain perception induced by vicarious pain might be modulated by top-down attentional 

processes (Khatibi et al., 2014). In terms of our findings, it indicates that when administrating 

opioidergic analgesics (e.g., painkillers) to diminish patients’ pain, the analgesic effect might be 

counteracted by the enhanced attention towards others’ pain expressions. Second, our findings also 

raise the issue that applying opioidergic analgesics might affect how accurately and efficiently we 

detect pain in others. More specifically, the reduction in our capacity or efficiency to accurately 

identify pain-related expressions may affect the diagnosis and treatment of patients’ pain by medical 

personnel under the influence of (opioid) painkillers. This is especially important considering the 

current “opioid endemic”, with about 11.5 million people in the USA alone showing a misuse of 

prescription opioids in 2016 (National Center for Health Statistics, 2017; Substance Abuse and Mental 

Health Services Administration, 2017). 

The endogenous opioid system is engaged in modulating many affective and cognitive functions, such 

as visual perception, emotion, and reward (Liberzon et al., 2002; Dalley et al., 2005; Koepp et al., 2009; 
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Colasanti et al., 2012; Rütgen et al., 2015b; Chelnokova et al., 2016). Studying the neurochemical 

underpinnings of emotion perception may also have important implications in understanding the 

experience and processes of empathy. A recent framework of empathy considers that emotion 

identification and affect sharing are two separate processes that independently contribute to 

empathic responses (Coll et al., 2017). While emotion identification in this framework is closely related 

to but not synonymous with emotion discrimination, failure to clarify the possibly distinct effects of 

emotion discrimination and affect sharing might lead to inaccurate characterization of the experience 

of empathy. The findings from the present study are thus particularly relevant for the further 

development and validation of this framework. They suggest that the opioid system not only plays a 

role in higher-order affective processes underpinning empathy, and in particular affect sharing, but 

that causally manipulating opioidergic activity also modulates the perception and judgment of pain in 

others. This, we hope, will inspire further exploration of the relationship between the opioid system 

and socio-perceptual processes, and how they inform higher-level processes and aspects of the multi-

faceted experience of empathy. However, in making these connections, it needs to be considered that 

the present study used an opioid antagonist to investigate the role of the opioidergic activity on pain 

discrimination. Interestingly, our findings seem at odds with the predictions and analyses reported in 

Coll et al., which would seem to suggest an increase rather than a decrease in pain discrimination with 

reduced opioid activity. Future studies with opioid agonists (Chelnokova et al., 2016). or other types 

of painkillers (Mischkowski et al., 2016) are thus needed to verify the possible links between analgesics 

and pain perception, in both self and others.  

Finally, some limitations of this study deserve discussion. First, the different degrees of pain/disgust 

in the stimuli were determined by the morphing software, and may thus not accurately reflect the 

subjective experience of these degrees by study participants. Nevertheless, this method is frequently 

used in studies on emotion identification (Young et al., 1997; Averbeck et al., 2011; Wells et al., 2016), 

and our behavioral results suggest that the morphed degrees used in our study corresponded 

approximately with subjective experience. Second, variable inter-trial intervals could be implemented 

between viewing pictures and the judgement phase in future studies, though this had little influence 

on our current findings due to parametric analysis approach and the documented quasi-absence of 

multicollinearity (r = -.03). Third, naltrexone was suggested to be associated with increased attention 

to the negative valence of stimuli in general (Murray et al., 2014; Meier et al., 2016). Despite of the 

main focus of the current study being pain, further experiments are thus required to carefully test 

whether naltrexone similarly induces increased attention to both pain and disgust expressions and 

whether this general effect affects our current results. However, given that we detected differential 

effects for pain and disgust, we can rather safely say that in those aspects the drug had selective 
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effects; this is however not to say that in other domains, additional effects could have been detected 

but were occluded due to a lack of selectivity associated with opioid blockade. 

In conclusion, the behavioral and neural findings of this psychopharmacological fMRI study shed light 

on a causal role of the opioid system in the discrimination of painful facial expressions, paving the way 

for further exploration of clinical implications in the domains of pain diagnosis and treatment on the 

one hand, and future research on the relationship between basic socio-perceptual processing and 

empathy on the other. 
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7 Supplemental information 

Supplementary Table 1. Post-hoc Tukey’s test: t values of the pairwise comparisons between pain 

intensities across naltrexone and placebo sessions 

p < .05*, p < .001**, p < .0001** 
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20% 
 

      

30% 1.85      

40% 9.59*** 7.46***     

50% 20.37*** 18.04*** 10.89***    

60% 33.07*** 30.30*** 23.09*** 11.59***   

70% 34.68*** 31.91*** 24.81*** 13.44*** 2.08  

80% 36.69*** 33.86*** 26.86*** 15.41*** 4.17** 2.06 
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Abstract  

Empathy for pain engages both shared affective responses and self-other distinction. In this study, we 

addressed the highly debated question of whether neural responses previously linked to affect sharing 

could result from the perception of salient affective displays. Moreover, we investigated how the brain 

network involved in affect sharing and self-other distinction underpinned our response to a pain that 

is either perceived as genuine or pretended (while in fact both were acted for reasons of experimental 

control). We found stronger activations in regions associated with affect sharing (anterior insula, aIns, 

and anterior mid-cingulate cortex, aMCC) as well as with affective self-other distinction (right 

supramarginal gyrus, rSMG), in participants watching video clips of genuine vs. pretended facial 

expressions of pain. Using dynamic causal modeling (DCM), we then assessed the neural dynamics 

between the right aIns and rSMG in these two conditions. This revealed a reduced inhibitory effect on 

the aIns to rSMG connection for genuine compared to pretended pain. For genuine pain only, brain-

to-behavior regression analyses highlighted a linkage between this inhibitory effect on the one hand, 

and pain ratings as well as empathic traits on the other. These findings imply that if the pain of others 

is genuine and thus calls for an appropriate empathic response, neural responses in the aIns indeed 

seem related to affect sharing and self-other distinction is engaged to avoid empathic over-arousal. In 

contrast, if others merely pretend to be in pain, the perceptual salience of their painful expression 

results in neural responses that are down-regulated to avoid inappropriate affect sharing and social 

support.  
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Introduction 

As social beings, our own affective states are influenced by other people’s feelings and affective states. 

The facial expression of pain by others acts as a distinctive cue to signal their pain to others, and thus 

results in sizeable affective responses in the observer. Certifying such responses as evidence for 

empathy, however, requires successful self-other distinction, the ability to distinguish the affective 

response experienced by ourselves from the affect experienced by the other person.  

Studies using a wide variety of methods convergently have shown that observing others in pain 

engages neural responses aligning with those coding for the affective component of self-experienced 

pain, with the anterior insula (aIns) and the anterior mid-cingulate cortex (aMCC) being two key areas 

in which such an alignment has been detected (Lamm et al., 2011; Rütgen et al., 2015; Jauniaux et al., 

2019; Xiong et al., 2019; Zhou et al., 2020; Fallon et al., 2020, for meta-analyses). However, there is 

consistent debate on whether activity observed in these areas should indeed be related to the sharing 

of pain affect, or whether it may not rather result from automatic responses to salient perceptual cues 

- with pain vividly expressed on the face being one particularly prominent example (Zaki et al., 2016, 

for review). It was thus one major aim of our study to address this question. In this respect, contextual 

factors, individuals’ appraisals, and attentional processes would all impact their exact response to the 

affective states of others (Gu & Han, 2007; Hein & Singer, 2008, for review; Lamm et al., 2010; Forbes 

& Hamilton, 2020; Zhao et al., 2021). Recently, Coll et al. (2017) have thus proposed a framework that 

attempts to capture these influences on affect sharing and empathic responses. This model posits that 

individuals who see identical negative facial expressions of others may have different empathic 

responses due to distinct contextual information, and that this may depend on identification of the 

underlying affective state displayed by the other. In the current functional magnetic resonance 

imaging (fMRI) study, we therefore created a situation where we varied the genuineness of the pain 

affect felt by participants while keeping the perceptual saliency (i.e., the quality and strength of pain 

expressions) identical. To this end, participants were shown video clips of other persons who 

supposedly displayed genuine pain on their face vs. merely pretended to be in pain. Note that for 

reasons of experimental control, all painful expressions on the videos had been acted. This enabled us 

to interpret possible differences between conditions to the observers’ appraisal of the situation rather 

than to putative visual and expressive differences. This way, we sought to identify the extent to which 

responses in affective nodes (such as the aIns and the aMCC) genuinely track the pain of others, rather 

than resulting predominantly from the salient facial expressions associated with the pain. 

Another major aim of our study was to assess how self-other distinction allowed individuals to 

distinguish between the sharing of actual pain vs. regulating an inappropriate and potentially 
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misleading “sharing” of what in reality is only a pretended affective state. We focused on the right 

supramarginal gyrus (rSMG), which has been suggested to act as a major hub selectively engaged in 

affective self-other distinction (Silani et al., 2013; Steinbeis et al., 2015; Hoffmann et al., 2016; 

Bukowski et al., 2020). Though previous studies have indicated that rSMG is functionally connected 

with areas associated with affect processing (Mars et al., 2011; Bukowski et al., 2020), we lack more 

nuanced insights into how exactly rSMG interacts with these areas, and thus how it supports accurate 

empathic responses. Hence, we used dynamic causal modeling (DCM) to investigate the hypothesized 

brain patterns of affective responses and self-other distinction for the genuine and pretended pain 

situations, focusing on the aIns, aMCC, and their interaction with rSMG. Furthermore, we investigated 

the relationship between neural activity and behavioral responses as well as empathic traits. In line 

with the literature reviewed above, we expected that, on the behavioral level, genuine pain would 

result in – alongside the obvious other-oriented higher pain ratings – higher self-oriented 

unpleasantness ratings. On the neural level, we predicted aIns and aMCC to show a stronger response 

to the genuine expressions of pain, but that these areas would also respond to the pretended pain, 

but to a lower extent. Differences in rSMG engagement and distinct patterns of this area’s effective 

connectivity with aIns and aMCC were expected to relate to self-other distinction, and thus to explain 

the different empathic responses to genuine vs. pretended pain. 

Results 

Behavioral results 

Three repeated-measures ANOVAs were performed with the factors genuineness (genuine vs. 

pretended and pain (pain vs. no pain), for each of the three behavioral ratings. For ratings of painful 

expressions in others (Figure 1C, left), there was a main effect of the factor genuineness: participants 

showed higher ratings for the genuine vs. pretended conditions, F genuineness (1, 42) = 8.816, p = 0.005, 

η² = 0.173. There was also a main effect of pain: participants showed higher ratings for the pain vs. no 

pain conditions, F pain (1,42) = 1718.645, p < 0.001, η² = 0.976. The interaction term was significant as 

well, F interaction (1, 42) = 7.443, p = 0.009, η² = 0.151, and this was related to higher ratings of painful 

expressions in others for the genuine pain compared to the pretended pain condition. For ratings of 

painful feelings in others (Figure 1C, middle), there was a main effect of genuineness: participants 

showed higher ratings for the genuine vs. pretended conditions, F genuineness (1, 42) = 770.140, p < 0.001, 

η² = 0.948. There was also a main effect of pain, as participants showed higher ratings for the pain vs. 

no pain conditions, F pain (1,42) = 1544.762, p < 0.001, η² = 0.974. The interaction for painful feelings 

ratings was significant as well, F interaction (1, 42) = 752.618, p < 0.001, η² = 0.947, and this was related 

to higher ratings of painful feelings in others for the genuine pain compared to the pretended pain 
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condition. For ratings of unpleasantness in self (Figure 1C, right), there was a main effect of 

genuineness: participants showed higher ratings for the genuine vs. pretended conditions, F genuineness 

(1, 42) = 74.989, p < 0.001, η² = 0.641. There was also a main effect of pain: participants showed higher 

ratings for the pain vs. no pain conditions, F pain (1,42) = 254.709, p < 0.001, η² = 0.858. The interaction 

for unpleasantness ratings was significant as well, F interaction (1, 42) = 73.620, p < 0.001, η² = 0.637, and 

this was related to higher ratings of unpleasantness in self for the genuine pain compared to the 

pretended pain condition. In sum, the behavioral data indicated higher ratings and large effect sizes 

of painful feelings in others and unpleasantness in self for the genuine compared to the pretended 

pain condition. Ratings of pain expressions also differed in terms of genuineness, at comparably low 

effect size, though they were expected to not show a difference by way of our experimental design 

and the pilot study.  

We also found a significant correlation between behavioral ratings of painful feelings in others and 

unpleasantness in self in the genuine pain condition, r = 0.691, p < 0.001; while in the pretended pain 

condition, the correlation was not significant, r = 0.249, p = 0.107 (Figure 1D). A bootstrapping 

comparison showed a significant difference between the two correlation coefficients, p = 0.002, 95% 

Confidence Interval (CI) = [0.230, 1.060].  
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Figure 1. fMRI experimental design and behavioral results. (A) Overview of the experimental design with the 

four conditions genuine vs. pretended, pain vs. no pain. Examples show static images, while in the experiment 

participants were shown video clips. (B) Overview of experimental timeline. At the outset of each block, a 

reminder of “genuine” or “pretended” was shown (both terms are shown here for illustrative purposes, in the 

experiment either genuine or pretended was displayed). After a fixation cross, a video in the corresponding 

condition appeared on the screen. Followed by a short jitter, three questions about the video were separately 

presented and had to be rated on a visual analogue scale. These would then be followed by the next video clip 

and questions (not shown). (C) Violin plots of the three types of ratings for all conditions. Participants generally 

demonstrated higher ratings for painful expressions in others, painful feelings in others, and unpleasantness in 

self in the genuine pain condition than in the pretended pain condition. Ratings of all three questions were 

higher in the painful situation than in the neutral situation, regardless of whether in the genuine or pretended 

condition. The thick black lines illustrate mean values, and the white boxes indicate a 95% CI. The dots are 

individual data, and the “violin” outlines illustrate their estimated density at different points of the scale. (D) 

Correlations of painful feelings in others and unpleasantness in self for the genuine pain and the pretended pain 

(the relevant questions were highlighted with a green rectangular). Results revealed a significant Pearson 

correlation between the two questions in the genuine pain condition, but no correlation in the pretended pain 

condition. The lines represent the fitted regression lines, bands indicate a 95% CI. 
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fMRI results: mass-univariate analyses 

Three contrasts were computed: 1) genuine: pain – no pain, 2) pretended: pain – no pain, and 3) 

genuine (pain – no pain) – pretended (pain – no pain). Across all three contrasts, we found activations 

as hypothesized in bilateral aIns, aMCC, and rSMG (Figure 2A and Table 1). 

To identify whether or which brain activity was selectively related to the behavioral ratings described 

above, we performed a multiple regression analysis where we explored the relationship of activation 

in the contrast genuine pain – pretended pain with the three behavioral ratings. We found significant 

clusters in bilateral aIns, visual cortex, and cerebellum that could be selectively explained by the 

ratings of self-unpleasantness rather than ratings of painful expressions in others or painful feelings 

in others (Figure 2B). 

Figure 2. Neuroimaging results: Mass-univariate analyses. (A) Activation maps of genuine: pain – no pain (top), 

pretended: pain - no pain (middle), and genuine (pain – no pain) – pretended (pain – no pain) (bottom). As 

expected, we found brain activations in the bilateral aIns, aMCC, and rSMG in all three contrasts (except for the 

bottom contrast, where the right aIns is only close to the significance threshold). (B) The multiple regression 

analysis demonstrated significant clusters in the left (peak: [-42, 15, -2]) and right anterior insular cortex (peak: 

[45, 5, 8]) that were positively correlated with  the ratings of unpleasantness in self comparing genuine pain vs. 

pretended pain. All activations are thresholded with cluster-level FWE correction, p < 0.05 (p < 0.001 uncorrected 

initial selection threshold). The lines of the scatterplots represent the fitted regression lines, bands indicate a 

95% CI. 
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Table 1. Results of mass-univariate functional segregation analyses in the MNI space. Region names were labeled 

with the AAL atlas, threshold p < 0.05 cluster-wise FWE correction (initial selection threshold p < 0.001, 

uncorrected). BA = Brodmann area, L = left hemisphere, R = right hemisphere. 

Region label  BA Cluster size x y z t-value 

Genuine: pain - no pain                  

Lingual_R 18 183732 11 -84 -3 13.38 

Temporal_Pole_Sup_R 38  30 33 -33 13.31 

Supp_Motor_Area_R 8  5 15 51 12.96 

Supp_Motor_Area_R 8  3 17 50 12.92 

Supp_Motor_Area_L 8  -5 17 48 12.56 

Insula_L 45  -32 26 6 12.32 

Insula_R 45  33 29 3 12.09 

Frontal_Inf_Oper_R 44  51 14 15 12.01 

Frontal_Inf_Oper_R 44  50 12 18 11.79 

Precentral_L 6  -42 3 39 11.72 

Fusiform_R 20 463 36 -5 -41 5.58 

Pretended: pain - no pain 

Supp_Motor_Area_R 8 59665 5 20 48 11.80 

Supp_Motor_Area_L 8  -6 18 50 11.14 

Frontal_Inf_Oper_L 44  -50 15 15 10.39 

Insula_R 45  33 29 0 9.81 

Insula_L 45  -29 30 0 9.60 

Frontal_Inf_Tri_R 44  47 15 26 9.21 

Precuneus_L 7 35136 -9 -71 41 10.27 

Parietal_Inf_L 39  -32 -51 41 9.39 

Precuneus_R 7  9 -69 38 8.44 

Temporal_Mid_L 21  -53 -47 5 7.67 

Occipital_Mid_L 19  -44 -78 2 7.47 

Parietal_Inf_R 39  39 -50 41 7.25 

Temporal_Mid_R 22 12970 51 -20 -6 7.70 

Lingual_R 17  12 -86 -2 7.40 

Fusiform_R 37  47 -33 -27 5.32 

Occipital_Mid_R 18  33 -86 3 5.23 

Cingulum_Mid_R 23 1666 -3 -14 27 6.35 

Cingulum_Mid_L 23  -3 -24 32 5.57 

Temporal_Pole_Sup_R 47 589 32 35 -33 7.18 

Frontal_Sup_Orb_R 11  17 41 -24 3.36 

Genuine (pain – no pain) –  
pretended (pain – no pain) 
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DCM results 

We performed DCM analysis to specifically examine the modulatory effect of genuineness on the 

effective connectivity between the right aIns and rSMG. More specifically, we sought to assess 

whether the experimental manipulation of genuine pain vs. pretended pain tuned the bidirectional 

neural dynamics from aIns to rSMG and vice versa, in terms of both directionality (sign of the DCM 

parameter) and intensity (magnitude of the DCM parameter). If the experimental manipulation 

modulated the effective connectivity, we would observe a strong posterior probability (pp > 0.95) of 

the modulatory effect. Our original analysis plan was to include aMCC in the DCM analyses, but based 

on the fact that aMCC did not show as strong evidence (in terms of the multiple regression analysis) 

as the aIns of being involved in our task, we decided to use a more parsimonious DCM model without 

the aMCC. 

We found strong evidence of inhibitory effects on the aIns to rSMG connection both in the genuine 

pain condition and in the pretended pain condition (Figure 3A, 3B and 3C). Comparing the strength of 

these modulatory effects on the aIns to rSMG connection revealed a reduced inhibitory effect for 

genuine pain as opposed to pretended pain, t41 = 2.671, p = 0.011 (Mean genuine pain = -0.821, 95% CI = [-

0.878, -0.712]; Mean pretended pain = -0.934, 95% CI = [-1.076, -0.822]; Figure 3C). There was no evidence 

of a modulatory effect on the rSMG to aIns connection. 

SupraMarginal_L 40 1877 -66 -21 32 4.94 

Postcentral_L 1  -50 -21 26 3.75 

SupraMarginal_R 40 1833 63 -20 42 5.09 

Rolandic_Oper_R 40  59 -15 14 4.47 

Insula_L 13 1299 -38 -3 -2 5.01 

Rolandic_Oper_L 4  -45 -6 8 4.8 

Cingulum_Ant_L 32 1138 0 41 17 4.54 

Cingulum_Mid_R 32  2 24 32 4.45 

Cingulum_Mid_L 24  0 2 35 4.43 

Cingulum_Ant_R 8  2 32 27 4.42 

Lingual_R 18 1003 9 -84 -3 5.72 

Calcarine_R 17  18 -78 8 3.61 

Insula_R   13 225 39 8 -3 3.91 

Rolandic_Oper_R 13  41 0 11 3.77 
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Individual associations between modulatory effects, behavioral ratings and 

questionnaires 

To examine how the modulatory effects from the DCM were related to the behavioral ratings, we 

computed two multiple linear regression models for each condition. For the genuine pain condition, 

we find that the modulatory effect was significantly related to the rating of painful feelings in others 

(t = 2.317, p = 0.026) but not related to the rating of either painful expressions in others (t = -1.492, p 

= 0.144) or unpleasantness in self (t = 0.058, p = 0.954). For the pretended pain condition, none of the 

ratings was significantly related to the modulatory effect (Figure 3D). The variance inflation factors 

(VIFs) for three ratings in both models were calculated to diagnose collinearity, showing no severe 

collinearity problem (all VIFs < 5; the smallest VIF =1.132 and the largest VIF = 4.387).  

In addition, we tested two multiple stepwise linear regression models to investigate whether 

subscales of all three questionnaires could explain modulatory effects for genuine pain and pretended 

pain. In the genuine pain condition, we found that the modulatory effect was significantly explained 

by scores of two subscales, i.e., affective ability and affective reactivity of the ECQ: F model (1, 39) = 

6.829, p = 0.003, R2 = 0.270; B affective ability = 0.052, beta = 0.497, p = 0.002; B affective reactivity = -0.040, beta 

= -0.421, p = 0.008. No significant predictor was found with the other questionnaires (i.e., IRI and TAS). 

In the pretended pain condition, none of the three questionnaires significantly predicted variations of 

the modulatory effect. No severe collinearity problem was detected for either regression model (all 

VIFs < 2; the smallest VIF =1.011 and the largest VIF = 1.600).  
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Figure 3. DCM results and brain-behavior analyses. (A) ROIs included in the DCM: aIns (blue; peak: [33, 29, 2]) 

and rSMG (green; peak: [41, -39, 42]). (B) Posterior probability of modulatory effects for the genuine pain and 

the pretended pain. (C) The group-average DCM model. Green arrows indicate neural excitation, and orange 

arrows indicate neural inhibition. Importantly, we found strong evidence of inhibitory effects on the connection 

of aIns to rSMG for both the genuine pain condition and the pretended pain condition. Values without the 

bracket quantify the strength of connections and values in the bracket indicate the posterior probability of 

connections. All DCM parameters of the optimal model showed greater than a 95% posterior probability (i.e., 

strong evidence) except for the intrinsic connection of aIns to rSMG (pp = 0.80). Paired sample t-test showed 

less inhibitory effects of the aIns-to-rSMG connection for the genuine pain than the pretended pain. This result 

is highlighted with a grey rectangular. Data are mean ± 95% CI. (D) The multiple linear regression model revealed 

a positive correlation between the inhibitory effect and painful feelings in others and not with the other two 

ratings for genuine pain but no correlation for pretended pain. 
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Discussion  

In this study, we developed and used a novel experimental paradigm in which participants watched 

video clips of persons who supposedly either genuinely experienced or merely pretended to be in 

strong pain. Combining mass-univariate analysis with effective connectivity (DCM) analyses, our study 

provides evidence on the distinct neural dynamics between regions suggestive of affect processing 

(i.e., aIns and aMCC) and self-other distinction (i.e., rSMG) for genuinely sharing vs. responding to 

pretended, non-genuine pain. With this, we aimed to clarify two main questions: First, whether neural 

responses in areas such as the aIns and aMCC to the pain of others are indeed related to a veridical 

sharing of affect, as opposed to simply tracking automatic responses to salient affective displays. And 

second, how processes related to self-other distinction, implemented in the rSMG, enable appropriate 

empathic responses to genuine vs. merely pretended affective states. 

The mass-univariate analyses suggest that the increased activity in aIns for genuine pain as opposed 

to pretended pain properly reflects affect sharing. As aforementioned, the network of affective 

sharing and certain domain-general processes (e.g., salience detection and automatic emotion 

processing) overlap in aIns and aMCC (Zaki et al., 2016, for review). This indicates that indeed, part of 

the activation in these areas could be related to perceptual salience, which is why it has been widely 

debated as a potential confound of empathy and affect sharing models (Zaki et al., 2016, for review; 

Lamm et al., 2019, for review). However, when comparing genuine pain versus pretended pain, activity 

in these areas was not only found to be stronger in response to genuine pain, but the increased 

activation in aIns was also selectively correlated with ratings of self-oriented unpleasantness and was 

not correlated with either other-related painful expressions or painful feelings in terms of the 

regression analysis. That only aIns and not also aMCC shows such correlation may be explained by 

previous studies, according to which aIns is more specifically associated with affective 

representations, while the role of aMCC rather seems to evaluate and regulate emotions that arise 

due to empathy (Fan et al., 2011; Lamm et al., 2011; Jauniaux et al., 2019). Taken together, the 

activation and brain-behavior findings provide evidence that responses in aIns (and to a lesser extent 

also the aMCC) are not simply automatic responses triggered by perceptually salient events (otherwise 

the increased aIns activation should also be explained by other behavioral ratings in the sense of 

shared influence by domain-general effects). Rather, they seem to track the actual affective states of 

the other person, and thus the shared neural representation of that response (see Zhou et al., 2020, 

for similar recent conclusions based on multi-voxel pattern analyses). Our findings are also in line with 

the proposed model of Coll et al. (2017), which suggests that affect sharing is the consequence of 

emotion identification. More specifically, while part of the activation in the aIns and aMCC is indeed 
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related to an (presumably earlier) automatic response, the added engagement of these areas once 

they have identified the pain as genuine shows that only in this condition, they then also engage in 

proper affect sharing. Ideally, one should be able to discern these processes in time, but neither the 

temporal resolution of our fMRI measurements nor the paradigm in which we always announced the 

conditions beforehand would have been sensitive enough to do so. Thus, future studies including 

complementary methods such as EEG and MEG, and tailored experimental designs are needed to 

pinpoint the exact sequence of processes engaged in automatic affective responses vs. proper affect 

sharing. 

Beyond higher activation in affective nodes supporting (pain) empathy, increased activation was also 

found in rSMG. The inferior parietal lobule was shown to be generally engaged in selective attention, 

action observation and imitating emotions (Bach et al., 2010; Pokorny et al., 2015; Gola et al., 2017; 

Hawco et al., 2017). Importantly, a specific role in affective rather than cognitive self-other distinction 

has been identified for rSMG (Silani et al., 2013; Steinbeis et al., 2015; Bukowski et al., 2020). Based 

on such findings, it has been proposed that the rSMG allows for a rapid switching between or the 

integration of self- and other-related representations, as two processes that may underpin the 

functional basis of successful self-other distinction (Lamm et al., 2016, for review). Theoretical models 

of empathy and related socio-affective responses suggest that such regulation is especially important 

to avoid so-called empathic over-arousal, which would shift the focus away from empathy and the 

other’s needs, towards taking care of one’s own personal distress (Batson et al., 1987, for review; 

Decety & Lamm, 2011, for review). Concerning the current findings, we thus propose that the higher 

rSMG engagement in the genuine pain condition reflects an increasing demand for self-other 

distinction imposed by the stronger shared negative affect experienced in this condition.  

Beyond these differences in the magnitude of rSMG activation, the DCM analysis demonstrated less 

inhibition on the aIns-to-rSMG connection for genuine pain compared to pretended pain. Note that 

our focus on the right aIns rather than bilateral aIns was because it is located in the same hemisphere 

as the right SMG. Various theoretical accounts suggest that areas such as the aIns and rSMG may play 

a key role in comparing self-related information with the sensory evidence (Decety & Lamm, 2007, for 

review; Seth, 2013, for review). According to recent theories on predictive processing (Clark, 2013, for 

review) and active inference (Friston, 2010, for review), the brain can be regarded as a “prediction 

machine”, in which the top-down signals pass over predictions and the bottom-up signals convey 

prediction errors across different levels of cortical hierarchies (Chen et al., 2009; Friston, 2010, for 

review; Bastos et al., 2015). It is suggested that these top-down predictions are mediated by inhibitory 

neural connections (Zhang et al., 2008; Bastos et al., 2015; Miska et al., 2018). Our findings align with 

such views, by suggesting that the inhibitory connection from aIns to rSMG can be explained as the 
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predictive mismatch between the top-down predictions of self-related information (e.g., personal 

affect) and sensory inputs (e.g., pain facial expressions). This suppression of neural activity leads to an 

explaining away of incoming bottom-up prediction error. This is reflected by the absence of any 

condition-dependent modulatory effects on the rSMG to aIns connection, suggesting that the 

influence of the task conditions is sufficiently modeled by the predictions from aIns to rSMG. 

Therefore, the stronger inhibition for pretended pain, compared to genuine pain, could indicate a 

higher demand to overcome the mismatch between the visual inputs and the agent’s prior beliefs and 

contextual information about the situation (i.e., “this person looks like in pain, but I know he/she does 

not actually feel it”). We speculate that a dynamic interaction between sensory-driven and control 

processes is underlying the modulatory effect: when individuals realized after an initial sensory-driven 

response to the facial expression that it was not genuinely expressing pain, control and appraisal 

processes led to a reappraisal of the triggered emotional response, and thus a dampening of the 

unpleasantness. The reduced inhibition in the genuine pain condition could moreover be a mechanism 

that explains the higher rSMG activation in this condition. 

Model comparison showed that the best model to explain the inhibitory effect with the behavioral 

ratings for both the genuine and pretended pain is the model without interactions between ratings. 

That is, if any behavioral rating contributed to the modulation of aIns to rSMG, the effect would be 

more likely coming from single ratings rather than their interactions. Specifically, we found the 

strength of the inhibitory effect in the genuine pain condition to correlate with ratings of painful 

feelings in others, but not with the ratings of pain expression in others or unpleasantness in self. For 

the pretended pain condition none of the ratings showed a correlation. The latter could in principle 

be due to a lack of variation in the ratings (which by way of the design were mostly close to zero or 

one). We deem it more plausible, though, that the correlation findings provide further evidence that 

the modulation of aIns to rSMG is implicated in encoding others’ emotional states, which serves as a 

functional foundation for self-other processing when participants engaged in genuine affect sharing. 

This regulation cannot be totally attributed to domain-general processes, otherwise other ratings 

should have also explained this variation. It is also interesting to note that the found correlation relates 

to cognitive evaluations of the other’s pain rather than to own affect, as tracked by the unpleasantness 

in self-ratings. This would to some extent be in line with DCM findings by Kanske et al. (2016). These 

authors found that the inhibition of the temporoparietal junction (TPJ) by the aIns was linked to 

interactions between Theory of Mind (ToM) and empathic distress, i.e., the interaction of “cognitive” 

vs. “affective” processes engaged in understanding others’ cognitive and affective states. Note that 

the right TPJ is an overarching area involved in self-other distinction of which rSMG is considered a 

part or at least closely connected to (Decety & Lamm, 2007, for review).  



 

 

 

69 
 

The correlations between the DCM inhibitory effect and empathic traits assessed via questionnaires 

provide further refinements for the relevance of rSMG in implementing self-other distinction to allow 

for an appropriate empathic response. When participants shared genuine affect, the inhibitory effect 

on the aIns to rSMG connection was positively correlated with affective ability and negatively 

correlated with affective reactivity. Affective ability reflects the capacity to subjectively share 

emotions with others, while affective reactivity plays a role in the susceptibility to vicarious distress 

and thus to more automatic responses to another’s emotion (Batchelder et al., 2017). Again, as for 

the correlations with the three rating scales, we did not find correlations of empathic traits for the 

pretended pain condition. Taken together, the DCM results and their qualification by the correlation 

findings suggest that in the genuine pain condition, which requires an accurate sharing of pain, rSMG 

interacts with aIns to achieve “affective-to-affective” self-other distinction – i.e., disambiguating 

affective signals originating in the self from those attributable to the other person. The aIns to rSMG 

connection in the pretended pain condition may reflect a related, yet slightly distinct mechanism. 

Here, it seems that “cognitive-to-affective” self-other distinction is at play, which helps resolve 

conflicting information between the top-down contextual information (i.e., that the demonstrator is 

not actually in pain) from what seems an unavoidable affective response to the highly salient 

perceptual cue of the facial expression of pain. Given our behavioral and trait data did not allow us to 

distinguish more precisely between these different types of self-other distinction, this however 

remains an interpretation and a hypothesis that will require further investigation. This inhibitory effect 

might be related to socioemotional disturbances of individuals with autism spectrum disorders (ASD), 

who show impairments in social cognition, including self- and other-related processing (Hoffmann et 

al., 2016; Lamm et al., 2016, for review). It is thus likely that ASD individuals exhibit distinct inhibition 

of the aIns-to-rSMG connectivity pattern compared to healthy controls. Further research with ASD 

individuals is required.  

One potential limitation of the study could be the slightly higher ratings of other-oriented pain 

expressions for genuine pain, which were hypothesized to have no difference, as compared to 

pretended pain. As we found the enhanced aIns activation in the genuine pain condition mainly 

tracked personal unpleasantness rather than perceptually domain-general processes, and because the 

effect size of the pain expression difference was much smaller than for the affect ratings, we consider 

this difference did not fundamentally influence the interpretation of our findings. An additional 

limitation was that our study design did not aim to explicitly quantify self-other distinction. Rather, in 

line with previous research and based on our theoretical framework and rationale, we inferred the 

engagement of this process from the experimental conditions and the associated behavioral and 

neural responses. We expect our findings to prompt and inform future research designed to quantify 
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and experimentally disentangle self- and other-related processes more explicitly. Note though that 

our participants and the targets shown in the videos were balanced with respect to their sex/gender. 

Yet sex/gender effects (for a review, though, see Christov-Moore et al., 2014) were outside the scope 

of the current study, and we thus did not perform any sex/gender-related analyses.  

In conclusion, the current study advances our understanding of two main aspects of empathy. First, 

we provide evidence that empathy-related responses in the aIns can indeed be linked to affective 

sharing, rather than attributing them to responses triggered only by perceptual saliency. Second, we 

show how aIns and rSMG are orchestrated to track what another person really feels, thus enabling us 

to appropriately respond to their actual needs. Beyond these basic research insights, our study 

provides novel avenues for clinical application, and the investigation of contextual and interpersonal 

factors in the accurate diagnosis of pain and its expression. 

Materials and Methods 

Participants 

Forty-eight participants took part in the study. Five of them were excluded because of excessive head 

motion (> 15% scans with the frame-wise displacement over 0.5 mm in one session). Data of the 

remaining 43 participants (21 females; age: Mean = 26.72 years, S.D. = 4.47) were entered into 

analyses. This sample size was determined on a priori power analysis in Gpower 3.1 (Faul et al., 2007). 

We assumed a medium effect size of Cohen’s d = 0.5. After calculation, the minimum sample size 

statistically required for this study was 34 (α = 0.05, two-tailed, 1−β = 0.80). Participants were pre-

screened by an MRI safety-check questionnaire, assuring normal or corrected to normal vision and no 

presence or history of neurologic, psychiatric, or major medical disorders. All participants were being 

right-handed (self-reported) and provided written consent including post-disclosure of any potential 

deception. The study was approved by the ethics committee of the Medical University of Vienna and 

was conducted in line with the latest version of the Declaration of Helsinki (2013).  

Manipulation of facial expressions 

As part of our study we developed a novel experimental design and corresponding stimuli, which 

consisted of video clips showing different demonstrators ostensibly in four different situations: 1) 

Genuine pain: the demonstrator’s right cheek was penetrated by a hypodermic needle attached to a 

syringe, and the demonstrator’s facial expression changed from neutral to a strongly painful facial 

expression. 2) Genuine no pain: the demonstrator maintained a neutral facial expression when a Q-

tip fixed on the backend of the same syringe touched their right cheek. 3) Pretended pain: the 
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demonstrator’s right cheek was approached by the same syringe and the hypodermic needle, with the 

latter covered by a protective cap; upon touch by the cap, the demonstrator’s facial expression 

changed from neutral to a strongly painful facial expression. 4) Pretended no pain: the demonstrator 

maintained a neutral facial expression when a Q-tip fixed on the backend of the same syringe touched 

their right cheek.  

To create these stimuli, we recruited 20 demonstrators (10 females), with experience in acting, and 

filmed them in front of a dark blue background. An experimenter who stood on the right side of the 

demonstrators, but of whom only the right hand holding the syringe could be seen, administered the 

injections and touches. Unbeknownst to the participants, all painful expressions were acted, as the 

needle was a telescopic needle (i.e., a needle that seemed to enter the cheek upon contact, but in 

reality, was invisibly retracting into the syringe). The reason for using a protective cap in the pretended 

pain condition was to match the perceptual situation that an aversive object was approaching a body 

part in both pain conditions. In all situations, the demonstrator was instructed to look naturally 

towards the camera 1.5 m in front of them. As soon as the needle or the cap touched the 

demonstrator’s cheek, the demonstrator made a painful facial expression, as naturally and vividly as 

possible. In the neutral control conditions, demonstrators maintained a neutral facial expression when 

a Q-tip fixed at the backend of the syringe touched their cheek. Again, a syringe with a needle attached 

to the other end was used to perceptually control for the presence of an aversive object in all four 

conditions. Note that in another set of conditions, demonstrators showed disgusted or neutral 

expressions. Data from these conditions will be reported elsewhere. All demonstrators signed an 

agreement that their video clips and static images could be used for scientific purposes. 

Stimulus validation and pilot study  

To validate the stimuli, we performed an online validation study with N = 110 participants, who were 

asked to rate a total of 120 video clips of 2 s duration of the two conditions (60 of each condition) 

showing painful expressions (i.e., the genuine and the pretended pain conditions). The main aim of 

the validation study was to identify a set of demonstrators that expressed pain with comparable 

intensity and quality, and whose pain expressions in the genuine and pretended conditions were 

comparable. After each video clip, participants rated three questions on a visual analog scale with 9 

tick-marks and the two end-points marked as “almost not at all” to “unbearable”: 1) How much pain 

did the person express on his/her face? 2) How much pain did the person actually feel? 3) How 

unpleasant did you feel to watch the person in this situation? The order of these three questions was 

pseudo-randomized. Moreover, eight catch trials randomly interspersed across the validation study 

to test whether participants maintained attention to the stimuli. Here, participants were asked to 
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correctly select the demonstrator they had seen in the last video, between two static images of the 

correct and a distractor demonstrator displayed side by side, both showing neutral facial expressions.  

The validation study was implemented within the online survey platform SoSci Survey 

(https://www.soscisurvey.de), with a study participation invite published on Amazon Mechanical Turk 

(https://www.mturk.com/), a globally commercial platform allowing for online testing. Survey data of 

62 out of 110 participants (34 females; age: Mean = 28.71 years, S.D. =10.11) were entered into 

analysis (inclusion criteria: false rate for the test questions < 2/8, survey duration > 20 min and < 150 

min, and the maximum number of continuous identical ratings < 5). Based on this validation step, we 

had to exclude videos of 6 demonstrators (3 females) for which participants showed a significant 

difference in painful expressions in others between the genuine pain and the pretended pain 

conditions. As a result of this validation, videos of 14 demonstrators (7 females), which showed no 

difference in the pain expression rating between genuine and pretended conditions, and which overall 

showed comparable mean ratings in all three ratings, were selected for the subsequent pilot study. 

In the pilot study, 47 participants (24 females; age: Mean = 26.28 years, S.D. = 8.80) were recruited 

for a behavioral experiment in the behavioral laboratory. The aim was to verify the experimental 

effects and the feasibility of the experimental procedures that we intended to use in the main fMRI 

experiment, as well as to identify video stimuli that may not yield the predicted responses. Thus, all 

four conditions described above were presented to the participants. Participants were explicitly 

instructed that they would watch other persons’ genuine painful expressions in some blocks, while in 

other blocks, they would see other persons acting out painful expressions (recall that in reality, all 

demonstrators had been actors, and the information about this type of necessary deception was 

conveyed to participants at the debriefing stage). They would see all demonstrators’ neutral 

expressions as well. Participants were instructed to rate the three questions mentioned above. Upon 

screening for video clips that showed aberrant responses, we excluded videos of two demonstrators 

(1 female), for whom the pain expression rating difference between the pretended vs. genuine 

expressions was large. 48 videos of 12 demonstrators entered the following analyses. Three separate 

repeated-measures ANOVAs were respectively performed for the three rating questions. For the main 

effect of genuineness (genuine vs. pretended), it was not significant and low in effect size for painful 

expressions in others (F genuineness (1, 46) = 2.939, p = 0.093, η² = 0.060), but was significant with high 

effect size for the painful feelings in others  (F genuineness (1, 46) = 280.112, p < 0.001, η² = 0.859) as well 

as the unpleasantness in self (F genuineness (1, 46) =43.143, p < 0.001, η² = 0.484). The main effects of 

pain (pain vs. no pain) for all three questions were found significant with high effect size (the smallest 

effect size was for the rating of unpleasantness in self, F pain (1, 46) = 82.199, p < 0.001, η² = 0.641). 

Our pilot study thus a) provided assuring evidence that the novel experimental paradigm worked as 

https://www.soscisurvey.de/
https://www.mturk.com/
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expected, and b) made it possible to select video clips that we could match for the two conditions (i.e., 

genuine pain and pretended pain). More specifically, as expected and required for the main study, 

participants rated the painfulness of the demonstrators to be substantially higher when it was genuine 

as compared to those that were pretended, and this also resulted in much higher unpleasantness 

experienced in the self. It is worth noting that, the two conditions did not differ with respect to the 

ratings of the painful facial expressions, implying that putative differences in ratings as well as the 

subsequent brain imaging data could only be attributed to the contextual appraisal of the 

demonstrators’ actual painful states, rather than the differences in facial pain perception. Based on 

this pilot study, we thus decided on video clips of 12 demonstrators (6 females) in the main fMRI 

experiment.  

Experimental design and procedure of the fMRI study 

The experiment was implemented using Cogent 2000 (version 1.33; 

http://www.vislab.ucl.ac.uk/cogent_2000.php). MRI scanning took place at the University of Vienna 

MRI Center. Once participants arrived at the scanner site, an experimenter instructed them that they 

would watch videos from the four conditions outlined above. Participants were explicitly instructed 

to recreate the feelings of the demonstrators shown in the videos as vividly and intensely as possible. 

Based on the validation and pilot study, the painful expressions for the genuine and pretended 

conditions were matched. We also counterbalanced the demonstrators appearing in the genuine and 

pretended conditions across participants, thus controlling for differences in behavioral and brain 

response that could be explained by differences between the stimulus sets. Note that, all video clips 

were validated and piloted multiple times to ensure the experimental effect (details can be found in 

the section above).    

The participant performed the fMRI experiment in two runs (Figure 1A and 1B). Each run was 

composed of two blocks showing genuine pain and two blocks showing pretended pain. In each block, 

the participant watched nine video clips containing both painful and neutral videos. To remind 

participants’ the condition of the upcoming block, a label of 4 s duration appeared at the beginning of 

each block, showing either “genuine” or “pretended” (in German). Each trial started with a fixation 

cross (+) presented for 4 – 7 s (in steps of 1.5 s, Mean = 5.5 s). After that, the video (duration = 2 s) 

was played. A short jitter was inserted after the video for 0.5 – 1.0 s (in steps of 0.05 s, Mean = 0.75 

s). After the jitter, the following three questions were displayed (in German) one after the other in a 

pseudo-randomized order: 1) How much pain did the person express on his/her face? 2) How much 

pain did the person actually feel? 3) How unpleasant did you feel to watch the person in this situation? 

Beneath each question, a visual analog scale ranging from 0 (not at all) to 8 (unbearable) with 9 tick-

http://www.vislab.ucl.ac.uk/cogent_2000.php
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marks was positioned. The participant moved the marker along the scale by pressing the left or right 

keys on the button box, and they pressed the middle key to confirm their answer. The marker initially 

was always located at the midpoint (“4”) of the scale. When the confirmed key was pressed, the 

marker turned from black to red. All ratings lasted for 4 s even when the participant pressed the 

confirmed key before the end of this period. Between the two runs, the participant had a short break 

(1-2 min).  

Before entering the scanner, participants conducted practice trials on the computer to get familiarized 

with the button box and the experimental interface. After that, participants were moved into the 

scanner and performed the task. Following the functional imaging runs, a 6.5 min structural scanning 

was employed. When participants finished the scanning session, they were scheduled for a date to 

complete three questionnaires in the lab: the Empathy Components Questionnaire (ECQ) (Batchelder, 

2015; Batchelder et al., 2017), the Interpersonal Reactivity Index (IRI) (Davis, 1980), and the Toronto 

Alexithymia Scale (TAS) (Bagby et al., 1994). For the ECQ, there are 27 items in total to be categorized 

into five subscales: cognitive ability, cognitive drive, affective ability, affective drive, and affective 

reactivity, using a 4-point Likert scale ranging from 1 (“strongly disagree”) to 4 (“strongly agree”) 

(Batchelder, 2015; Batchelder et al., 2017). For the IRI, there are 28 items divided into four subscales: 

perspective taking, fantasy, empathic concern, and personal distress, using a 5-point Likert scale 

ranging from 0 (“does not describe me well”) to 4 (“describes me very well”) (Davis, 1980). For the 

TAS, there are 20 items and three subscales - difficulty describing feelings, difficulty identifying 

feelings,  and externally oriented thinking, using a 5-point Likert scale ranging from 1 (“strongly 

disagree”) to 5 (“strongly agree”) (Bagby et al., 1994). The average interval between the scanning 

session and the lab survey was one week. The participant was debriefed after completing the whole 

study. 

Behavioral data analysis 

We applied repeated-measures ANOVAs to investigate the main effects and the interaction of the two 

factors genuine vs. pretended and pain vs. no pain, using SPSS (version 26.0; IBM). Furthermore, we 

conducted Pearson correlations to examine whether ratings of painful feelings in others were 

correlated with unpleasantness in self for the genuine pain and the pretended pain. The correlation 

coefficients were further compared using a bootstrap approach with the R package bootcorci 

(https://github.com/GRousselet/bootcorci). 
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fMRI data acquisition  

fMRI data were collected using a Siemens Magnetom Skyra MRI scanner (Siemens, Erlangen, 

Germany) with a 32-channel head coil. Functional whole-brain scans were collected using a multiband-

accelerated T2*-weighted echoplanar imaging (EPI) sequence (multiband acceleration factor = 4, 

interleaved ascending acquisition in multi-slice mode, 52 slices co-planar to the connecting line 

between anterior and posterior commissure, TR = 1200 ms, TE = 34 ms, acquisition matrix = 96 × 96 

voxels, FOV = 210 × 210 mm2, flip angle = 66°, inter-slice gap = 0.4 mm, voxel size = 2.2 × 2.2 × 2 mm3). 

Two functional imaging runs, each lasting around 16 min (~800 images per run), were performed. 

Structural images were acquired with a magnetization-prepared rapid gradient-echo (MPRAGE) 

sequence (TE/TR = 2.43/2300 ms, flip angle = 8°, ascending acquisition, single-shot multi-slice mode, 

FOV= 240 × 240 mm2, voxel size = 0.8×0.8×0.8 mm3, 208 sagittal slices, slice thickness = 0.8 mm). 

fMRI data processing and mass-univariate functional segregation analyses 

Imaging data were preprocessed with a combination of Nipype (Gorgolewski et al., 2011) and MATLAB 

(version R2018b 9.5.0; MathWorks) with Statistical Parametric Mapping (SPM12; 

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/). Raw data were imported into BIDS format 

(http://bids.neuroimaging.io/). Functional data were subsequently preprocessed using slice timing 

correction to the middle slice (Sladky et al., 2011), realignment to the first image of each session, co-

registration to the T1 image, segmentation between grey matter, white matter and cerebrospinal fluid 

(CSF), normalization to MNI template space using Diffeomorphic Anatomical Registration Through 

Exponentiated Lie Algebra (DARTEL) toolbox (Ashburner, 2007), and smoothing with a 6 mm full width 

at half-maximum (FWHM) three-dimensional Gaussian kernel.    

To improve data quality, we performed data scrubbing of the functional scans for those whose frame-

wise displacements (FD) were over 0.5 mm (Power et al., 2012; Power et al., 2014). In other words, 

we identified individual outlier scans and flagged the volume indices as nuisance regressors in the 

general linear model (GLM) for the first-level analysis.  

In order to perform mass-univariate functional segregation analyses, a first-level GLM design matrix 

was created and composed of two identically modeled runs for each participant. Seven regressors of 

interest were entered in each model: stimulation phase of the four conditions (i.e., genuine pain, 

genuine no pain, pretended pain, pretended no pain; 2000 ms), rating phase of the three questions 

(i.e., painful expressions in others, painful feelings in others, and unpleasantness in self; 12000 ms). 

Six head motion parameters and the scrubbing regressors (FD > 0.5 mm; if applicable) were 

http://bids.neuroimaging.io/
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additionally entered as nuisance regressors. Individual contrasts of the four conditions and the three 

ratings (all across the two runs) against implicit baseline were respectively created. 

On the second level, a flexible factorial design was employed to perform the group-level analysis. The 

design included three factors: a between-subject factor (i.e., subject) that was specified independent 

and with equal variance, a within-subject factor (i.e., genuine or pretended) that was specified 

dependent and with equal variance, and a second within-subject factor (i.e., pain or no pain) that was 

specified dependent and with equal variance (Gläscher & Gitelman, 2008). Three contrasts were 

computed: (1) main effect of genuine: pain – no pain, (2) main effect of pretended: pain – no pain, 

and (3) interaction: genuine (pain – no pain) – pretended (pain – no pain). We applied an initial 

threshold of p < 0.001 (uncorrected) at the voxel level and a family-wise error (FWE) correction (p 

< 0.05) at the cluster level. The cluster extent threshold was determined by the SPM extension 

“cp_cluster_Pthresh.m” (https://goo.gl/kjVydz).  

Brain-behavior relationships 

A multiple regression model was built on the group level to investigate the relationship between 

specific brain activations and behavioral ratings. In this model, the contrast genuine pain – pretended 

pain was set as the dependent variable, and differences between conditions for three behavioral 

ratings were specified as independent variables. The reason that we used the comparison between 

conditions for both brain signals and behavioral ratings was to control for potential effects of 

perceptual salience. All covariates were mean-centered. An intercept was added in the model. To test 

whether the order of entering ratings into the regression model influence the results, we performed 

five additional regression analyses with all possible orders of three ratings. The results were consistent 

across all six regression models, and we only showed the result for one regression (i.e., expression + 

feeling + unpleasantness) in the Results section. Note that, we performed the regression model with 

the contrast genuine pain – pretended pain instead of the more exhaustive contrast genuine (pain - 

no pain) - pretended (pain – no pain), and this was because the genuine and the pretended pain 

conditions were the main focus of our work. Moreover, the pain contrast showed more robust (in 

terms of statistical effect size) and widespread activations across the brain, making it more likely to 

pick up possible brain-behavior relationships. The same threshold as above was applied in this 

analysis.  

We aimed to assess these brain-behavior relationships for the following regions of interest (ROI): 1) 

aIns and aMCC, i.e., two regions associated with affective processes and specifically with empathy for 

pain, 2) rSMG, an area implicated in affective self-other distinction. The ROI masks were defined as 

the conjunction of the averaging contrast between genuine and pretended: pain – no pain (threshold: 

https://goo.gl/kjVydz
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voxel-wise FWE correction, p < 0.05) and the anatomical masks created by the Wake Forest University 

(WFU) Pick Atlas SPM toolbox (http://fmri.wfubmc.edu) with the automated anatomical atlas (AAL). 

The ROI masks were created with Marsbar ROI Toolbox implemented in SPM12 (Brett et al., 2002). 

Note that we specifically selected the ROIs this way, such that they were orthogonal (i.e., 

independent) to the subsequent analyses of interest. As exploratory analyses found significant 

correlations mainly in aIns, rather than in aMCC, we will focus in the results section on two ROIs: the 

right aIns and the rSMG. Focusing on the right aIns instead of the left one was because the right aIns 

is on the ipsilateral hemisphere as rSMG. 

Analyses using dynamic causal modeling (DCM) 

To investigate the functional network involved in affective processes and self-other distinction and 

how it was modulated by our experimental manipulations (i.e., genuine pain and pretended pain), we 

used DCM to estimate the effective connectivity between the ROIs based on the tasked-related brain 

responses (Stephan & Friston, 2010, for review). The DCM analyses were conducted with DCM12.5 

implemented in SPM12 (v. 7771). Firstly, we extracted individual time series separately for each ROI. 

To ensure the selected voxels engaged in a task-relevant activity but not random signal fluctuations, 

we determined the voxels both on a group-level threshold and an individual-level threshold (Holmes 

et al., 2020). An initial threshold was set as p < 0.05, uncorrected. The significant voxels in the main 

effect of genuine pain and pretended pain were further selected by an individual threshold. For each 

participant, an individual peak coordinate within the ROI mask was searched and an individual mask 

was consequently defined using a sphere of the 6 mm radius around the peak. As a result, the 

individual time series for each ROI was extracted from the significant voxels of the individual mask and 

summarized by the first eigenvariate. One participant was excluded as no voxels survived significance 

testing. Secondly, we specified three regressors of interest: genuine pain, pretended pain, and the 

video input condition (the combination of genuine pain and pretended pain). That we did not specify 

no-pain conditions was because 1) the pain conditions were our main focus, and 2) adding no-interest 

conditions would inevitably increase the model complexity. Then, a fully connected DCM model for 

each participant was created. Three parameters were specified: 1) bidirectional connections between 

regions and self-connections (matrix A), 2) modulatory effects (i.e., genuine pain and pretended pain) 

on the between-region connections (matrix B), and 3) driving inputs (i.e., the video input condition) 

into the model on both regions (matrix C) (Zeidman et al., 2019a). To remain parsimonious, we did not 

set modulatory effects on the self-connections in matrix A. Then the full DCM model was individually 

estimated. Finally, group-level DCM inference was performed using parametric empirical Bayes 

(Zeidman et al., 2019b). We conducted an automatic search over the entire model space (max. n =256) 

http://fmri.wfubmc.edu/
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using Bayesian model reduction (BMR) and random-effects Bayesian model averaging (BMA), resulting 

in a final group model that takes accuracy, complexity, and uncertainty into account (Zeidman et al., 

2019b). The threshold of the Bayesian posterior probability was set to pp > 0.95 (i.e., strong evidence) 

but we reported all parameters above pp > 0.75 (i.e., positive evidence) for full transparency of the 

DCM results. Finally, a paired sample t-test was performed to compare modulatory effects between 

the genuine pain and the pretended pain conditions.   

To probe whether task-related modulatory effects were associated with behavioral measurements, 

we performed multiple linear regression analyses of modulatory parameters with, 1) the three 

behavioral ratings, and 2) the empathy-related questionnaires (i.e., IRI, ECQ, and TAS). We set up 

regression models for the genuine pain condition and the pretended pain condition, respectively, in 

which the DCM parameters of modulatory effects were determined as dependent variables and the 

ratings of painful expressions in others, painful feelings in others, and unpleasantness in self as 

independent variables. Considering that interactions between behavioral ratings might contribute to 

the regression model, we tested five regression models (with and without interaction; See 

Supplementary Table 1) for both genuine pain and pretended pain. Results showed that for both 

genuine pain and pretend pain, the model without any interaction outperformed other models. The 

results of the winning multiple regression model are reported in the Results section. We performed 

additional two regression models for both conditions in which DCM modulatory effects were set as 

dependent variables and scores of each subscale of all questionnaires were set as independent 

variables, respectively. Considering the number of independent variables was relatively large (>10), 

we performed the analyses for questionnaires using a stepwise regression approach. As two 

participants did not complete all three questionnaires, we excluded their data from the regression 

analyses. The statistical significance of the regression analysis was set to p < 0.05. The multicollinearity 

for independent variables was diagnosed using the variance inflation factor (VIF) that measures the 

correlation among independent variables, in the R package car (https://cran.r-

project.org/web/packages/car/index.html). Here we used a rather conservative threshold of VIF < 5 

as a sign of no severe multicollinearity (Menard, 2002; James et al., 2013). 
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Supplementary information 

Supplementary Table 1. Model comparison of linear regression models with three behavioral ratings 

(independent variables) and the inhibitory effect (dependent variable) for genuine pain and 

pretended pain. Smaller AIC/BIC indicates better model fit. Results showed that M1 (without 

interaction; highlighted with underlining) was the best fitting model for both genuine pain and 

pretended pain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regression Model          AIC           BIC 

Genuine pain   

M1 (expression + feeling + unpleasantness)      10.069     18.757 

M2 (expression * feeling + unpleasantness)      11.342     21.768 

M3 (expression + feeling * unpleasantness)      11.195     21.621 

M4 (expression * unpleasantness + feeling)      11.126     21.552 

M5 (expression * feeling * unpleasantness)      16.153     31.792 

Pretended pain   

M1 (expression + feeling + unpleasantness)      51.041     59.919 

M2 (expression * feeling + unpleasantness)      51.230     61.467 

M3 (expression + feeling * unpleasantness)      52.643     63.069 

M4 (expression * unpleasantness + feeling)      52.584     63.010 

M5 (expression * feeling * unpleasantness)      55.200     70.839 
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Abstract 

Empathy is significantly influenced by the identification of others’ emotions. In a recent study, we have 

found increased activation in the anterior insular cortex (aIns) that could be attributed to affect 

sharing rather than perceptual saliency, when seeing another person genuinely experiencing pain as 

opposed to merely acting to be in pain. This study further revealed effective connectivity between 

aIns and the right supramarginal gyrus (rSMG) to track what another person really feels. In the present 

study, we used a similar paradigm to investigate the corresponding neural signatures in the domain 

of empathy for disgust - with participants seeing others genuinely sniffing unpleasant odors as 

compared to pretending to smell something disgusting. Consistent with the previous findings on pain, 

we found stronger activations in aIns associated with affect sharing for genuine disgust compared with 

pretended disgust. However, instead of rSMG we found engagement of the olfactory cortex. Using 

dynamic causal modeling (DCM), we estimated the neural dynamics of aIns and the olfactory cortex 

between the genuine and pretended conditions. This revealed an increased excitatory modulatory 

effect for genuine disgust compared to pretended disgust. For genuine disgust only, brain-to-behavior 

regression analyses highlighted a link between the observed modulatory effect and the perspective-

taking empathic trait. Altogether, the current findings complement and expand our previous work, by 

showing that perceptual saliency alone does not explain responses in the insular cortex. Moreover, it 

reveals that different brain networks are implicated in a modality-specific way when sharing the 

affective experiences associated with pain vs. disgust.  

Significant statement 

Others’ feelings influence our own feelings, no matter whether these feelings are genuine or merely 

pretended. Prior research provided a window into the brain networks allowing us to empathize with 

and share the genuine pain of others. Here, we tested whether similar or distinct mechanisms are at 

play in the domain of disgust. Similar to pain, sharing genuine disgust specifically recruited the anterior 

insular cortex, confirming the specific role of this area as a key node for affect sharing. However, 

dissociating genuine from pretended disgust was linked to interactions between insular and the 

olfactory cortex, rather than the right supramarginal gyrus found for pain. These findings thus suggest 

both similar and distinct mechanisms in empathy for others’ affective experiences. 
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Introduction 

Our affective states are remarkably affected by the perceived feelings of others. A theoretical 

framework of empathy proposed by Coll et al. (2017) states that identification of another’s emotion 

crucially contributes to the consequential sharing of feelings with that person. A recent study by our 

group has revealed that when individuals witness another person genuinely experiencing pain as 

compared to merely acting to be in pain, they attribute more painful feelings to that person and report 

experiencing stronger self-unpleasantness in response to the other’s genuine pain (Zhao et al., 2021b).  

On the neural level, that study found increased brain activations for the genuine compared to the 

pretended pain in the anterior insular cortex (aIns) and the anterior mid-cingulate cortex (aMCC), i.e., 

a network that has been consistently associated with affective responding in studies on self-

experienced pain as well as empathy for pain (Lamm et al., 2011; Rütgen et al., 2015; Jauniaux et al., 

2019; Xiong et al., 2019; F. Zhou et al., 2020; Fallon et al., 2020, for meta-analyses). One major 

contribution of our previous study is that we have shown aIns, a key node of this neural network, is 

indeed associated with affect sharing, rather than being driven by the perceptual saliency of the facial 

expressions of pain. Moreover, by means of dynamic causal modeling (DCM) analyses, distinctive 

effective connectivity of genuine pain vs. pretended pain has been found on the connection between 

aIns and the right supramarginal gyrus (rSMG), a region selectively related to affective self-other 

distinction (Silani et al., 2013; Steinbeis et al., 2015; Hoffmann et al., 2016; Bukowski et al., 2020). This 

suggests that the interaction of aIns and rSMG tracks how we identify and share the actual feelings of 

another person, allowing an observer to engage in appropriate affect sharing rather than simply 

responding to salient, yet possibly non-genuine displays of pain.  

What remains an open question is whether these findings are specific to pain or could be extended to 

other aversive experiences. Among the array of aversive experiences, the emotion of disgust partially 

overlaps with pain regarding its neural mechanisms (Corradi-Dell’Acqua et al., 2016). Also, disgust and 

pain share similarities with respect to their facial expression (Zhao et al., 2021a) and are similarly 

important for survival and somatic protection (Sharvit et al., 2015; Sharvit et al., 2020). Particularly, 

research using multi-voxel pattern analysis (MVPA) shows overlapping brain maps in aIns and aMCC 

not only for self-experienced but also vicarious experiences of pain and disgust, suggesting a modality-

independent representation of the unpleasantness shared by self-experienced aversive affect and 

empathy for such affect (Corradi-Dell’Acqua et al., 2016).  

The aim of the present study was, thus, to replicate and expand the findings of our previous study on 

pain (Zhao et al., 2021b), but targeting the emotion of disgust. Specifically, participants watched video 

clips either presenting a person showing a disgust expression when sniffing something unpleasant, or 
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merely displaying a disgust expression without genuinely smelling any unpleasant odor. We expected 

to find that 1) on the behavioral level, genuine disgust would result in higher other-oriented disgust 

ratings and self-oriented unpleasantness ratings; 2) on the neural level, aIns, aMCC, and rSMG would 

show stronger responses to the genuine disgust, as compared to pretended disgust; and 3) distinct 

patterns of aIns’ effective connectivity with rSMG would be found, and explain the different empathic 

responses to genuine vs. pretended disgust in a similar way as for pain. 

Materials and Methods  

To maximize comparability, data collection for the current study had been planned and performed 

together with the study focusing on pain (Zhao et al., 2021b). Thus, all procedures of both studies (i.e., 

creation and validation of stimuli, the pilot study, and the main fMRI experiment) were exactly 

conducted in the same sessions and with the identical participant sample. We decided to analyze and 

report them separately for reasons of reporting complexity and as the two reports have a different 

focus. While the details about all procedures are fully documented in (Zhao et al., 2021b), for ease of 

access, we also summarize the main points relevant to the current study herein. 

Participants 

Forty-eight participants participated in this study. This sample size was estimated a priori using 

Gpower 3.1 (Faul et al., 2007), for which a minimum sample size statistically required for this study 

was 34 with a medium effect size of Cohen’s d = 0.5 (α = 0.05, two-tailed, 1−β = 0.80). Three 

participants (only for the current study) were excluded because of excessive head motion (> 15% scans 

with the frame-wise displacement over 0.5 mm in one session; same criteria as the pain study). Data 

of the remaining 45 participants (21 females; age: Mean = 26.76 years, S.D. = 4.58) were entered into 

analyses. Participants had normal or corrected to normal vision and were pre-screened by an MRI 

safety-check questionnaire to assure no presence or history of neurologic, psychiatric, or major 

medical disorders. All participants reported being right-handed and signed the informed consent. The 

study was approved by the ethics committee of the Medical University of Vienna and was conducted 

in accordance with the latest revision of the Declaration of Helsinki (2013).  

Manipulation of facial expressions 

In strict analogy to the stimuli we created for pain, the stimuli we created for this study consisted of 

video clips showing different demonstrators ostensibly in four different situations: 1) Genuine disgust: 

the demonstrator sniffed dog feces in an opened bottle with a picture depicting dog feces on it; the 

demonstrator’s facial expression changed from neutral to strongly disgusted. 2) Genuine no disgust: 
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the demonstrator sniffed cotton balls in an opened bottle with a picture depicting cotton balls on it; 

the demonstrator’s facial expression maintained neutral. 3) Pretended disgust: the demonstrator 

sniffed dog feces in a closed bottle (covered by a cap) with a picture depicting dog feces on it; the 

demonstrator’s facial expression changed from neutral to strongly disgusted. 4) Pretended no disgust: 

the demonstrator sniffed cotton balls in an opened bottle with a picture depicting cotton balls on it; 

the demonstrator’s facial expression maintained neutral.  

Twenty demonstrators (10 females), with experience in acting, were recruited for creating the stimuli 

of the current study. Each demonstrator signed the agreement of using their videos clips and static 

images for scientific purposes. An experimenter who stood on the right side of the demonstrators, of 

whom only the right hand holding the bottle could be seen, moved the bottle from the demonstrator’s 

right side and stopped it just below the demonstrator’s nose. Unbeknownst to the participants, all 

disgusted expressions were acted and the so-called “dog feces” were actually an odor-neutral object 

that resembled dog feces. As soon as the bottle was close enough to the demonstrator’s nose (just 

below the right nostril), the demonstrator started to make a disgusted facial expression along with a 

slightly avoidant movement of their head, as naturally and vividly as possible. In the neutral control 

conditions, demonstrators maintained a neutral facial expression during the whole process of the 

bottle movement. Note that, the reason for presenting the pictures and supposed content of dog feces 

in both disgust conditions was because we deemed it essential to match the conditions in terms of the 

presence and visibility of an aversive disgusting object approaching the other person’s face. 

Otherwise, any difference between conditions could be confounded by responses of participants to 

the presence vs. absence of a disgusting object and its explicit photographic display. Note that the 

pain condition of our previous work also followed this logic, with a needle covered by a plastic cap 

approaching the cheek.  

Stimulus validation and pilot study  

To validate the stimuli, 110 participants (59 females; age: Mean = 29.32 years, S.D. =10.17) were 

recruited and asked to rate a total of 120 video clips of 2 s duration of the two conditions (60 of each 

condition) showing disgusted facial expressions (i.e., the genuine and pretended disgust conditions). 

The main aim of the validation study was to identify a set of demonstrators that expressed disgust 

with comparable intensity and quality, and whose expressions of disgust in the genuine and pretended 

conditions were comparable. After each video clip, participants rated three questions on a visual 

analog scale with 9 tick-marks and the two end-points marked as “almost not at all” to “unbearable”: 

1) How much disgust did the person express on his/her face? 2) How much disgust did the person 

actually feel? 3) How unpleasant did you feel to watch the person in this situation? These questions 
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were presented in a pseudo-randomized order. Moreover, we set eight catch trials to test whether 

participants maintained attention to the stimuli, in which participants were required to correctly 

choose the demonstrator they had seen in the last video, from two static images showing either the 

correct demonstrator’s or a distractor’s neutral facial expression side by side.  

Data collection was performed with the online survey platform SoSci Survey 

(https://www.soscisurvey.de), and participants got access to the survey through a participation invite 

published on Amazon Mechanical Turk (https://www.mturk.com/). Survey data of 62 out of 110 

participants (34 females; age: Mean = 28.71 years, S.D. =10.11) were entered into the analysis 

(inclusion criteria: false rate for the test questions < 2/8, survey duration > 20 min and < 150 min, and 

the maximum number of continuous identical ratings < 5). According to the validation analysis, videos 

of 6 demonstrators (3 females) were excluded for which participants showed a significant difference 

in perceived disgust expressions in others between genuine disgust and pretended disgust. As a result 

of this validation, videos of 14 demonstrators (7 females) were selected for the subsequent pilot study. 

In the pilot study, a separate group (N =47, 24 females; age: Mean = 26.28 years, S.D. = 8.80) were 

recruited for a behavioral experiment in the behavioral laboratory. All conditions including the neutral 

conditions described above were presented to the participants to test the feasibility of the procedures 

that we intended to use in the following fMRI experiment. Participants were explicitly instructed that 

they would watch other persons’ genuine expressions of disgust in some blocks, while in other blocks, 

they would see other persons acting out disgust expressions (recall that in reality, all demonstrators 

had been actors). All demonstrators showed neutral expressions as well. The three questions 

mentioned above were required to be rated. According to the video screening, we excluded videos of 

two demonstrators (1 female) for whom participants showed a large difference in ratings of expression 

of disgust between pretended vs. genuine conditions. Three separate repeated-measures ANOVAs 

were respectively performed for the three rating questions regarding the remaining videos. For the 

disgusted expressions in others, the main effect of genuineness (genuine vs. pretended) was not 

significant and was low in effect size (F genuineness (1, 46) = 0.867, p = 0.357, η² = 0.018), but it was 

significant and showed high effect size for the disgusted feelings in others (F genuineness (1, 46) = 207.225, 

p < 0.001, η² = 0.818) as well as for the unpleasantness in self (F genuineness (1, 46) =21.360, p < 0.001, η² 

= 0.317). The main effects of disgust (disgust vs. no disgust) for all three ratings were significant with 

high effect size (the smallest effect size was for the rating of unpleasantness in self, F disgust (1, 46) = 

44.489, p < 0.001, η² = 0.492). The findings of our pilot study for the domain of disgust were thus very 

much in line with the findings of the same pilot study for the domain of pain (see Zhao et al., 2021). 

Finally, video clips of 12 demonstrators (6 females) were determined for the main fMRI experiment.  

https://www.soscisurvey.de/
https://www.mturk.com/
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Experimental design and procedures of the fMRI study 

The experimental design and procedures are sketched in Figure 1A and 1B. The fMRI experiment was 

performed in two runs, and each run consisted of two blocks showing genuine disgust and two blocks 

showing pretended disgust. In each block, participants watched nine video clips containing both 

disgusted and neutral videos.  

After the scanner session, participants came on another day to complete three questionnaires in the 

lab: the Empathy Components Questionnaire (ECQ), the Interpersonal Reactivity Index (IRI), and the 

Toronto Alexithymia Scale (TAS). The ECQ is categorized into Five subscales with 27 items (i.e., 

cognitive ability, cognitive drive, affective ability, affective drive, and affective reactivity), using a 4-

point Likert scale ranging from 1 (“strongly disagree”) to 4 (“strongly agree”) (Batchelder, 2015; 

Batchelder et al., 2017). The IRI is divided into four subscales with 28 items (i.e.,  perspective taking, 

fantasy, empathic concern, and personal distress), using a 5-point Likert scale ranging from 0 (“does 

not describe me well”) to 4 (“describes me very well”) (Davis, 1980). The TAS is composed of three 

subscales with 20 items (i.e., difficulty describing feelings, difficulty identifying feelings,  and externally 

oriented thinking), using a 5-point Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly 

agree”) (Bagby et al., 1994). Participants were debriefed at the end of the whole study. 

Behavioral data analysis 

Repeated-measures ANOVAs were run in SPSS (version 26.0; IBM) to investigate the main effects and 

the interaction of the two factors genuine vs. pretended and disgust vs. no disgust. Furthermore, we 

conducted Pearson correlations to examine whether ratings of disgust feelings in others were 

correlated with unpleasantness in self for the genuine disgust and the pretended disgust. The 

comparison of the correlation coefficients was performed using a bootstrap approach with the R 

package bootcorci (https://github.com/GRousselet/bootcorci). 

fMRI data acquisition  

We used a Siemens Magnetom Skyra MRI scanner (Siemens, Erlangen, Germany) with a 32-channel 

head coil to collect fMRI data. A multiband-accelerated T2*-weighted echoplanar imaging (EPI) 

sequence was applied to collect functional whole-brain scans (TR = 1200 ms, TE = 34 ms, acquisition 

matrix = 96 × 96 voxels, FOV = 210 × 210 mm2, flip angle = 66°, inter-slice gap = 0.4 mm, voxel size = 

2.2 × 2.2 × 2 mm3, multiband acceleration factor = 4, interleaved ascending acquisition in multi-slice 

mode, 52 slices co-planar to the connecting line between anterior and posterior commissure). Each of 

the two functional imaging runs lasted around 16 min (~800 images per run). A magnetization-

https://github.com/GRousselet/bootcorci
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prepared rapid gradient-echo (MPRAGE) sequence was implemented to acquire structural images 

(TE/TR = 2.43/2300 ms, FOV= 240 × 240 mm2, flip angle = 8°, voxel size = 0.8×0.8×0.8 mm3, slice 

thickness = 0.8 mm, ascending acquisition, 208 sagittal slices, single-shot multi-slice mode). 

fMRI data processing and mass-univariate functional segregation analyses 

Imaging data preprocessing was performed with a combination of Nipype (Gorgolewski et al., 2011) and 

MATLAB (version R2018b 9.5.0; MathWorks) with Statistical Parametric Mapping (SPM12; 

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/). Raw data were arranged into BIDS format 

(http://bids.neuroimaging.io/; Gorgolewski et al., 2016). Functional data were 1) slice time corrected 

to the middle slice (Sladky et al., 2011), realigned to the first image of each session, 3) co-registered 

to the T1 image, 4) segmented between grey matter, white matter, and cerebrospinal fluid (CSF), 5) 

normalized to MNI template space using Diffeomorphic Anatomical Registration Through 

Exponentiated Lie Algebra (DARTEL) toolbox (Ashburner, 2007), and 6) smoothed using a 6 mm full 

width at half-maximum (FWHM) of the Gaussian kernel. To improve data quality, scrubbing was 

performed when the frame-wise displacement (FD) of a scan was larger than 0.5 mm (Power et al., 

2012; Power et al., 2014).  

In order to perform mass-univariate functional segregation analyses, we created a first-level GLM 

design matrix composed of two identically modeled runs for each participant. Seven regressors of 

interest were entered in each model: stimulation phase of the four conditions (i.e., genuine disgust, 

genuine no disgust, pretended disgust, pretended no disgust; 2000 ms), rating phase of the three 

questions (i.e., disgusted expressions in others, disgusted feelings in others, and unpleasantness in 

self; 12000 ms). Six head motion parameters and the scrubbing regressors (FD > 0.5 mm; if applicable) 

were additionally entered as nuisance regressors.  

On the second level, we used a flexible factorial design for the group-level analysis. Three factors were 

included: a between-subject factor (i.e., subject) that was specified independent and with equal 

variance, a within-subject factor (i.e., genuine or pretended) that was specified dependent and with 

equal variance, and a second within-subject factor (i.e., disgust or no disgust) that was specified 

dependent and with equal variance were included in the design (Gläscher & Gitelman, 2008). Four 

contrasts were computed: 1) genuine: disgust – no disgust, 2) pretended: disgust – no disgust, 3) 

genuine disgust – pretended disgust, and 4) genuine (disgust – no disgust) – pretended (disgust – no 

disgust). An initial threshold of p < 0.001 (uncorrected) at the voxel level and a family-wise error (FWE) 

correction (p < 0.05) at the cluster level were applied. The cluster extent threshold was determined 

by the SPM extension “cp_cluster_Pthresh.m” (https://goo.gl/kjVydz). 

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://goo.gl/kjVydz
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Brain-behavior relationships 

We built a multiple regression model on the group level to investigate the relationship between 

specific brain activations and behavioral ratings. In this model, the contrast genuine disgust – 

pretended disgust was set as the dependent variable, and differences between conditions for three 

behavioral ratings were specified as independent variables. The reason that we entered the condition 

differences for both brain signals and behavioral ratings into the analyses was to control for the 

potential effects of perceptual salience. Moreover, we used the contrast genuine disgust – pretended 

disgust instead of the more exhaustive contrast genuine (disgust – no disgust) – pretended (disgust – 

no disgust), because our aim was to focus on the genuine and pretended disgust conditions rather 

than the neutral conditions. In addition, the disgust contrast showed more robust (in terms of 

statistical effect size) and widespread activations across the brain, making it more likely to pick up 

possible brain-behavior relationships. The same threshold as above (i.e., cluster-wise FWE correction, 

p < 0.05) was applied in this analysis. All covariates were mean-centered. An intercept was added to 

the model. 

Analyses using dynamic causal modeling (DCM) 

We considered the following regions of interest (ROI) for the DCM model space: the right aIns and 

rSMG according to the previous study of pain (Zhao et al., 2021) and the left (primary) olfactory cortex 

according to the exploratory analyses. As for the latter, the results showed no evidence that effective 

connectivity between aIns and rSMG for genuine disgust vs. pretended disgust was distinct. Therefore, 

we extended the analysis to the primary olfactory cortex, which was not hypothesized when planning 

this study but highly plausible given the employed task and the specific link between olfaction and 

disgust. In fact, previous studies indeed demonstrated the olfactory cortex was not only engaged in 

perceptual processes (e.g., odor perception and recognition), but also in affective processing of 

disgust-related experiences (Gottfried et al., 2002; Zelano et al., 2011; Alessandrini et al., 2016; 

Schulze et al., 2017; Schienle et al., 2020). We additionally defined an ROI of the right olfactory cortex 

as a comparison to the left olfactory cortex. The ROI masks were defined as the anatomical masks 

created by the Wake Forest University (WFU) Pick Atlas SPM toolbox (http://fmri.wfubmc.edu) with 

the automated anatomical atlas (AAL). Note that the olfactory cortex mask defined in AAL largely 

overlaps with the primary olfactory cortex that we were interested in (Desikan et al., 2006). 

Three DCM analyses were performed based on different considerations. Firstly, to investigate if the 

distinct effective connectivity between aIns and rSMG we have found between genuine pain and 

pretend pain could be observed in disgust as well, we performed a DCM analysis between the right 

http://fmri.wfubmc.edu/


 

 

 

96 
 

aIns and rSMG under the manipulation of genuine disgust and pretended disgust. Secondly, to explore 

if other brain patterns could dissociate genuine disgust and pretended disgust, we performed a second 

DCM analysis between the right aIns and the left olfactory cortex. Finally, to validate the second DCM 

model, we performed a third DCM analysis between the right aIns and the right olfactory cortex. 

All DCM analyses were performed with DCM12.5 implemented in SPM12 (v. 7771). As a first step, 

individual time series were extracted separately for each ROI. The voxels were determined both on a 

group-level and an individual-level threshold to ensure the selected voxel were indeed engaged in a 

task-relevant activity instead of random signal fluctuations (Holmes et al., 2020). The initial threshold 

was set as p < 0.05, uncorrected. The significant voxels in the main effect of genuine disgust and 

pretended disgust were further selected by an individual threshold. An individual peak coordinate 

within the ROI mask was searched for each participant and an individual mask was consequently 

defined using a sphere of the 6 mm radius around the peak. The individual time series for each ROI 

was subsequently extracted from the significant voxels of the individual mask and summarized by the 

first eigenvariate. For the second and third DCM analyses, seven participants were excluded as no 

voxels survived significance testing in either the left or right olfactory cortex. In the next step, three 

regressors of interest were specified: genuine disgust, pretended disgust, and the video input 

condition (the combination of genuine disgust and pretended disgust). The reasons for not specifying 

the no-disgust conditions were that 1) disgust conditions were our main focus, and 2) adding effects 

of non-interest would inevitably increase the model complexity. In DCM, three sets of parameters 

were estimated:  bidirectional connections between the regions and their self-connections (matrix A), 

modulatory effects (i.e., genuine disgust and pretended disgust) on the between-region connections 

(matrix B), and driving inputs (i.e., the video input condition) on both regions (matrix C) (Zeidman et 

al., 2019a). Finally, we performed group-level DCM inference using parametric empirical Bayes 

(Zeidman et al., 2019b). An automatic search was conducted over the entire model space (max. n 

=256) using Bayesian model reduction (BMR) and random-effects Bayesian model averaging (BMA), 

resulting in a final group model that takes accuracy, complexity, and uncertainty into account 

(Zeidman et al., 2019b). This procedure was similarly performed for all three DCM analyses. We 

reported all parameters with positive evidence on the posterior probability (pp > 0.75). Finally, 

modulatory effects of the genuine and pretended disgust conditions were compared using a paired 

sample t-test for each group-averaged model.  

To probe whether task-related modulatory effects were associated with behavioral measurements, 

we performed multiple linear regression analyses of modulatory parameters with, 1) the three 

behavioral ratings, and 2) the empathy-related questionnaires (i.e., IRI, ECQ, and TAS). We set up two 

regression models for the genuine and pretended disgust conditions, respectively, in which the DCM 
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parameters of modulatory effects were determined as dependent variables and the three ratings as 

independent variables. Considering that interactions between behavioral ratings might contribute to 

the regression model, five regression models (with and without interaction) were tested for both 

conditions. Results showed the model without any interaction outperformed other models for both 

genuine disgust (AIC = -27.422, BIC = -19.234) and pretended disgust (AIC= -10.697, BIC= -2.509). 

Smaller AIC/BIC indicates better model fit. The model with an interaction of disgusted expressions and 

disgusted feelings in others showed the smallest AIC and BIC among all models with interactions for 

both conditions: for genuine disgust, AIC = -25.547, BIC = -15.722; for pretended disgust, AIC = -10.650, 

BIC = -0.824. We will thus report the results of the winning multiple regression model in the results 

section. We performed two additional regression models for both conditions in which DCM 

modulatory effects were set as dependent variables and scores of each questionnaire subscale were 

set as independent variables, respectively. Given the number of independent variables was 

considerable (>10), we used a stepwise regression approach to perform the analyses for 

questionnaires. As two participants did not complete all three questionnaires, we excluded their data 

from the regression analyses. The statistical significance of the regression analysis was set to p < 0.05. 

The multicollinearity for independent variables was diagnosed using the variance inflation factor (VIF) 

that measures the correlation among independent variables, in the R package car (https://cran.r-

project.org/web/packages/car/index.html). Here a rather conservative threshold of VIF < 5 was 

adapted as an indication of no severe multicollinearity (Menard, 2002; James et al., 2013). 

Results 

Behavioral results 

We performed three repeated-measures ANOVAs with the factors genuineness (genuine vs. 

pretended) and disgust (disgust vs. no disgust), for each of the three behavioral ratings. For ratings of 

disgusted expressions in others (Figure 1C, left), the main effect of the factor genuineness was not 

significant:  F genuineness (1, 44) = 1.861, p = 0.179, η² = 0.041. There was a main effect of disgust: 

participants showed higher ratings for the disgust vs. no disgust conditions, F disgust (1, 44) = 1769.396, 

p < 0.001, η² = 0.976. The interaction term was not significant, F interaction (1, 44) = 2.270, p = 0.139, η² = 

0.049. For ratings of disgusted feelings in others (Figure 1C, middle), there was a main effect of 

genuineness: participants showed higher ratings for the genuine vs. pretended conditions, F genuineness 

(1, 44) = 510.686, p < 0.001, η² = 0.921. There was also a main effect of disgust, as participants showed 

higher ratings for the disgust vs. no disgust conditions, F disgust (1, 44) = 854.136, p < 0.001, η² = 0.951. 

The interaction was significant as well, F interaction (1, 44) = 360.516, p < 0.001, η² = 0.891, and this was 

related to higher ratings of disgusted feelings in others for the genuine disgust compared to the 

https://cran.r-project.org/web/packages/car/index.html
https://cran.r-project.org/web/packages/car/index.html


 

 

 

98 
 

pretended disgust condition. For ratings of unpleasantness in self (Figure 1C, right), there was a main 

effect of genuineness: participants showed higher ratings for the genuine vs. pretended conditions, F 

genuineness (1, 44) = 37.694, p < 0.001, η² = 0.461. There was also a main effect of disgust: participants 

showed higher ratings for the disgust vs. no disgust conditions, F disgust (1, 44) = 141.277, p < 0.001, η² 

= 0.763. The interaction was significant as well, F interaction (1, 44) = 32.341, p < 0.001, η² = 0.424, and 

this was related to higher ratings of unpleasantness in self for the genuine disgust compared to the 

pretended disgust condition. In sum, the behavioral data indicated that there was no difference in 

ratings of disgusted expression in others between the genuine and pretended disgust conditions, 

while higher ratings and large effect sizes of disgusted feelings in others and unpleasantness in self for 

the genuine disgust condition as compared to the pretended disgust condition. These results were 

perfectly in line with our hypotheses and what we found in the pilot study.  

We also found significant correlations between behavioral ratings of disgusted feelings in others and 

unpleasantness in self for the genuine disgust condition, r = 0.548, p < 0.001; while for the pretended 

disgust condition, the correlation was not significant, r = 0.051, p = 0.740 (Figure 1D). A bootstrapping 

comparison showed a significant difference between the two correlation coefficients, p = 0.025, 95% 

Confidence Interval (CI) = [0.073, 0.860].  

Figure 1. fMRI experimental design and behavioral results. (A) Overview of the experimental design with the 

four conditions genuine vs. pretended, disgust vs. no disgust. Examples show static images, while in the 
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experiment, participants were shown video clips. (B) Overview of experimental timeline. At the outset of each 

block, a reminder of “genuine” or “pretended” was shown (both terms are shown here for illustrative purposes, 

in the experiment either genuine or pretended was displayed). After a fixation cross, a video in the 

corresponding condition appeared on the screen. Followed by a short jitter, three questions about the video 

were separately presented and had to be rated on a visual analog scale. These would then be followed by the 

next video clip and questions (not shown). (C) Violin plots of the three types of ratings for all conditions. No 

difference was found for the rating of disgusted expressions in others between the genuine disgust condition 

and the pretended disgust condition. For the ratings of disgusted feelings in others and unpleasantness in self, 

participants demonstrated higher ratings for genuine disgust than pretended disgust. Ratings of all three 

questions were higher in the disgusted situation than in the neutral situation, regardless of whether in the 

genuine or pretended condition. The thick black lines illustrate mean values, and the white boxes indicate a 95% 

CI. The dots are individual data, and the “violin” outlines illustrate their estimated density at different points of 

the scale. (D) Correlations of disgusted feelings in others and unpleasantness in self for the genuine disgust and 

the pretended disgust (the relevant questions were highlighted with a green rectangular). Results revealed a 

significant Pearson correlation between the two questions for the genuine disgust condition, but no correlation 

in the pretended disgust condition. The lines represent the fitted regression lines, bands indicate a 95% CI. 

 

fMRI results: mass-univariate analysis 

We computed four contrasts: 1) genuine: disgust – no disgust, 2) pretended: disgust – no disgust, 3) 

genuine disgust – pretended disgust, and 4) genuine (disgust – no disgust) – pretended (disgust – no 

disgust). In the first two contrasts, we found the predicted activations in bilateral aIns, aMCC, and 

rSMG, as well as significant (not originally predicted) activation in the olfactory cortex; in the third 

contrast, we found significant activation in the right aIns, as well as strong activation (k = 255) in the 

left olfactory cortex; in the last contrast, the only significant activation was found in the right 

cerebellum (Figure 2A and Table 1). 

To identify whether or which brain activity was selectively related to the behavioral ratings described 

above, we performed a multiple regression analysis where we explored the relationship of activation 

in the contrast genuine disgust – pretended disgust with the three behavioral ratings. The only 

significant cluster we found encompassed the right aIns, extending into the right inferior frontal gyrus, 

and this was selectively related to ratings of self-unpleasantness (Figure 2B) rather than the ratings of 

disgusted expressions in others or the disgusted feelings in others. 
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Figure 2. Neuroimaging results: Mass-univariate analyses. (A) Activation maps of genuine: disgust – no disgust 

(top left), pretended: disgust - no disgust (bottom left), genuine disgust – pretended disgust (top right), and 

genuine (disgust – no disgust) – pretended (disgust – no disgust) (bottom right). For contrasts of disgust –no 

disgust in both genuine and pretended conditions, we found expected brain activations in bilateral aIns, aMCC, 

and rSMG, and significant activation in the olfactory cortex; for the contrast of genuine disgust vs. pretended 

disgust, we found significant activation in the right aIns and strong activation in the left olfactory cortex (a cluster 

of k=255, though not pass the threshold); for the contrast of genuine (disgust – no disgust) vs. pretended (disgust 

– no disgust), the only significant activation was in the right cerebellum. (B) The multiple regression analysis 

demonstrated a significant cluster in the right aIns (peak: [33, 12, 12]) that was positively associated with the 

ratings of unpleasantness in self but not associated with the ratings of either disgusted expressions in others or 

disgusted feelings in others when comparing genuine disgust vs. pretended disgust. All activations are 

thresholded with cluster-level FWE correction, p < 0.05 (p < 0.001 uncorrected initial selection threshold). The 

lines of the scatterplots represent the fitted regression lines, bands indicate a 95% CI. 
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Table 1. Results of mass-univariate functional segregation analyses in the MNI space. Region names were labeled 

with the AAL atlas and thresholded with cluster-wise FWE correction, p < 0.05 (initial selection threshold p < 

0.001, uncorrected). BA = Brodmann area, L = left hemisphere, R = right hemisphere.  

Region label  BA Cluster size x y z t-value 

1) Genuine: disgust - no disgust                  

Temporal_Pole_Sup_R 38 164988 32 33 -33 13.57 

Supp_Motor_Area_L 8  -3 16 50 13.31 

Lingual_R 18  9 -84 -6 11.89 

Frontal_Sup_Medial_R 8  6 21 45 10.95 

Insula_L 45  -32 27 4 10.81 

Frontal_Inf_Oper_L 44  -50 15 6 10.80 

Insula_R 13  33 27 4 10.17 

Frontal_Inf_Tri_L 45  -30 32 0 10.12 

Frontal_Inf_Oper_R 44  52 15 15 9.80 

Frontal_Inf_Orb_R 47  32 32 -3 9.69 

Lingual_L 17 422 -21 -66 4 5.10 

2) Pretended: disgust - no disgust 

Supp_Motor_Area_L 8 137060 -4 16 50 11.95 

Frontal_Sup_Medial_L 8  -8 26 44 10.69 

Temporal_Mid_R 19  44 -68 2 10.35 

Frontal_Inf_Oper_L 44  -51 16 6 10.01 

Insula_L 45  -30 30 2 9.77 

Frontal_Inf_Tri_L 45  -56 20 12 9.68 

Cingulum_Mid_R 8  8 20 45 9.47 

Parietal_Inf_L 39  -32 -51 40 9.37 

Temporal_Pole_Sup_R 38  32 34 -33 9.35 

Frontal_Mid_L 6  -27 2 54 9.26 

Cingulate_Post_L 23 1821 -4 -42 22 5.71 

Cingulate_Mid_R 23  -3 -26 27 5.58 

Cingulate_Post_R 23  8 -39 22 5.33 

Cingulate_Mid_L 24  -3 -12 30 5.23 

Vermis_9 37 522 2 -57 -39 5.27 

Cerebelum_9_L 18  -2 -60 -46 4.55 

Cerebelum_9_R 37  10 -57 -51 3.96 

Temporal_Inf_L 20 517 -40 -9 -38 4.80 

Temporal_Pole_Mid_L 38  -28 8 -39 3.62 

Cerebelum_Crus2_L 18 487 -8 -76 -34 5.15 

Cerebelum_Crus1_L 18  -18 -80 -27 3.21 
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DCM results 

We first performed a DCM analysis of the effective connectivity between the right aIns and rSMG to 

examine if the group-averaged model replicated what we found in our previous study on pain (Zhao 

et al., 2021). Specifically, we focused on the modulatory effect of genuineness, namely, whether the 

experimental manipulation of genuine disgust vs. pretended disgust tuned the bidirectional neural 

dynamics from aIns to rSMG and vice versa, in terms of both directionality (sign of the DCM posterior 

parameter) and intensity (magnitude of the DCM posterior parameter). If the experimental 

manipulation modulated the effective connectivity, we would observe a positive posterior probability 

(pp > 0.75) of the modulatory effect. The reasons that we did not include aMCC in this analysis were 

that 1) unlike aIns, in aMCC we did not find strong evidence for the task involvement (in the univariate 

and multiple regression analyses), 2) for comparability of the present model with the previous model 

on pain, where aMCC had not been included either.   

Similar to what we found in the pain study, strong evidence (pp > 0.95; pp = 1.00) of inhibitory 

modulatory effects on the aIns-to-rSMG connection was shown for both the genuine disgust condition 

and the pretended disgust condition (see Figure 3A). However, we did not find a significant difference 

when comparing the strength of these two modulatory effects, t44 = -1.045, p = 0.302 (Mean genuine disgust 

= -1.214, 95% CI = [-1.462, -0.927]; Mean pretended disgust = -1.095, 95% CI = [-1.361, -0.799]. Note that the 

mean values we exhibit in the test could slightly differ from those shown in the DCM models of Figure 

3, since we used frequentist statistics for comparison analysis rather than the Bayesian approach that 

was implemented to compute the parameters for the DCM model. We did not find robust evidence 

on the intrinsic connectivity either from aIns to rSMG or vice versa. Moreover, there was no evidence 

3) Genuine disgust – pretended disgust 

Insula_R 44 976 32 8 12 4.56 

Rolandic_Oper_R 44  54 8 10 4.38 

Caudate_R 48  21 14 15 4.05 

Putamen_R 49  30 16 -2 3.89 

Frontal_Inf_Oper_R 44  40 12 14 3.85 

Lingual_R 18 550 10 -81 -9 4.72 

Cerebelum_6_R 18  15 -70 -18 3.35 

Precuneus_L 7 474 -6 -56 69 4.85 

Parietal_Sup_L 7  -16 -63 64 3.95 

4) Genuine (disgust – no disgust) – pretended (disgust – no disgust) 

Lingual_R 18 431 8 -81 -10 4.90 
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of a modulatory effect on the rSMG to aIns connection, which was in line with what we had found for 

pain. Taken together, the DCM analysis between aIns and rSMG partially replicated the results of the 

pain study, namely the inhibitory modulatory effect from aIns to rSMG for both genuine and 

pretended conditions; however, this inhibitory modulatory effect failed to dissociate the experimental 

manipulation of genuine disgust and pretended disgust, suggesting that a distinctive pattern or set of 

brain regions underpins how the genuineness of disgust is processed by our brains.  

We therefore performed an exploratory DCM analysis to test whether distinct modulatory effects 

could be found for genuine and pretend disgust on the connection between the right aIns and the left 

olfactory cortex (see Figure 3B). As mentioned in the methods sections, while the involvement of the 

left olfactory cortex was mainly exploratory and data-driven, it was also plausible on theoretical 

grounds. Results showed a significant excitatory effect for both genuine disgust (strong evidence, pp 

= 1.00) and pretended disgust (positive evidence, pp = 0.93) on the connection of the left olfactory 

cortex to the right aIns. A further comparison analysis on the modulatory effect between conditions 

revealed a stronger excitatory modulatory effect for genuine disgust as opposed to pretended disgust, 

t37 = 4.450, p < 0.001 (Mean genuine disgust = 0.805, 95% CI = [0.755, 0.851]; Mean pretended disgust = 0.573, 

95% CI = [0.517, 0.628]. We did not find any modulatory effect on the reverse connection of the right 

aIns to the left olfactory cortex. 

Finally, to validate the modulatory effect we found in the DCM model above, we performed an 

additional DCM analysis on the connection between the right aIns and the right olfactory cortex (see 

Figure 3C).  Results showed a similar group-average model to that of the right aIns and the left 

olfactory cortex. Importantly, we replicated the excitatory modulatory effect on the connection of the 

olfactory cortex to aIns in the sense of significant evidence for both conditions (genuine disgust: 

positive evidence, pp = 0.91; pretended disgust: positive evidence, pp = 0.88). No evidence of the 

modulatory effect on the connection of aIns to the right olfactory cortex was found, which was 

consistent with the group-average model with the left olfactory cortex. A further comparison analysis 

did not find significant difference on the strength of the two modulatory effects, t37 = 0.595, p = 0.556 

(Mean genuine disgust = 0.624, 95% CI = [0.503, 0.738]; Mean pretended disgust = 0.577, 95% CI = [0.488, 0.678]). 

Individual associations between modulatory effects, behavioral ratings, and questionnaires 

Two linear regression models were computed to examine how the excitatory modulatory effect on 

the connection of the (left) olfactory cortex to aIns was related to behavioral ratings respectively for 

genuine disgust and pretended disgust. Results showed that none of the ratings was significant for 

either the genuine disgust model or the pretended disgust model. No severe collinearity problem was 



 

 

 

104 
 

detected for either regression model (all VIFs < 4.500; the smallest VIF =1.229 and the largest VIF = 

4.410).  

 Another two linear regression models were tested to investigate whether subscales of all three 

questionnaires could explain the excitatory modulatory effect for genuine disgust and pretended 

disgust. For the genuine disgust condition, we found that the modulatory effect was significantly 

explained by scores of the perspective-taking subscale of the IRI: F model (1, 35) = 4.177, p = 0.049, R2 = 

0.109; B = 0.011, beta = 0.331, p = 0.049. No significant predictor was found with any subscale in the 

other two questionnaires (i.e., ECQ and TAS). None of the three questionnaires significantly explained 

variations of the modulatory effect for the pretended disgust condition. No severe collinearity 

problem was detected for either regression model (all VIFs < 2.500; the smallest VIF =1.000 and the 

largest VIF = 2.198).  

Figure 3. DCM results and brain-behavior analyses. Three-dimensional visualization of ROIs involved in the 

three DCM analyses is shown in the upper middle. (A) The group-average DCM model of the right anterior insula 

and the right supramarginal gyrus (rSMG) for genuine disgust and pretended disgust. We found an inhibitory 

modulatory effect (orange arrows) for both conditions. All DCM parameters of the optimal model showed 

greater than a 99% posterior probability (very strong evidence) except the bi-directionally intrinsic connectivity 

between the right aIns (raIns) and rSMG (grey dashed arrow; no evidence of existence, pp < 0.50). A paired 
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sample t-test showed no difference in the inhibitory modulatory effects on the raIns-to-rSMG connection 

between genuine disgust and pretended disgust. This result is highlighted with an orange rectangular. Data are 

mean ± 95% CI. (B) The group-average DCM model of the raIns and the left olfactory cortex (lolfac) for genuine 

disgust and pretended disgust. We found an excitatory modulatory effect (green arrows) for both conditions. All 

DCM parameters of the optimal model showed greater than or equal to a 90% posterior probability (pp > 0.75, 

positive evidence). A paired sample t-test showed a stronger excitatory modulatory effect of the lolfac-to-raIns 

connection for genuine disgust as compared to pretended disgust (*** p < 0.001). This result is highlighted with 

a green rectangular. Data are mean ± 95% CI. (C) The group-average DCM model of the raIns and the right 

olfactory cortex (rolfac) for genuine disgust and pretended disgust. We found an excitatory modulatory effect 

(green arrows) for both conditions. All DCM parameters of the optimal model showed greater than a 75% 

posterior probability (positive evidence). A paired sample t-test showed no difference in the inhibitory 

modulatory effect on the rolfac-to-raIns connection between genuine disgust and pretended disgust. This result 

is highlighted with a green rectangular. Data are mean ± 95% CI. For all DCM models, values without the bracket 

quantify the strength of connections; positive values indicate neural excitation and negative values indicate 

neural excitation. Values in the bracket indicate the posterior probability of connections.  

 

Discussion 

Using a paradigm matched to our previously published study on pain (Zhao et al., 2021), and in the 

same sample and experimental session, we here report how participants responded to video clips 

presenting people who supposedly either genuinely experienced disgust or merely pretended to feel 

disgusted. Combining mass-univariate analysis with effective connectivity (DCM) analyses, we aimed 

to clarify two main questions: 1) whether neural responses in areas such as aIns and aMCC to the 

disgust of others were indeed related to a veridical sharing of affect, as opposed to simply tracking 

sensory-driven responses to salient affective displays, and 2) whether the effective connectivity 

between aIns and rSMG that we previously found to disentangle genuine pain from pretended pain 

also enabled the dissociation of genuine disgust vs. pretended disgust. 

We found increased activations in the right aIns for genuine disgust as compared to pretended disgust 

that was selectively associated with the unpleasantness in self. These findings are in line with what 

we have found in pain (Zhao et al., 2021), implying an essential role of aIns in the processing of shared 

feelings with others for both pain and disgust. However, an intriguing question is if the aIns activation 

we observed in these two aversive states reflects a form of cross-modal affective processing, or rather 

modality-dependent affective experiences? A study using multi-voxel pattern analysis (MVPA) has 

shown both cross-modal and modality-specific evidence in terms of the subfields of aIns for pain and 

disgust: in the left aIns (and aMCC), the shared encoding was detected for first-hand and vicarious 
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pain and disgust, regardless of the same or different modality; while in the right aIns, sensory-specific 

rather than modality-independent patterns were more plausible for processing first-hand and 

vicarious pain and disgust (Corradi-Dell’Acqua et al., 2016). Taken together, the aIns activation we 

found suggests the engagement of affective processing that was related to others’ pain and disgust, 

while future research that explicitly matches pain and disgust salience is required to further 

investigate whether this activation indicates cross-modal or modality-dependent affective 

experiences.  

We found significant inhibitory modulatory effects on the connection of aIns to rSMG for both genuine 

and pretended disgust, but these effects did not differ significantly. This implies that we only partially 

replicate the findings of the pain study: while we reproduce a role of the aIns and rSMG connectivity, 

their crosstalk does not explain the distinction between genuine and pretended expressions of disgust, 

as is the case for pain (Zhao et al., 2021). We speculate that the absence of differences between two 

conditions in rSMG activation as well as the inhibitory modulatory effect could be related to generally 

lower salience of aversive experiences in the disgust task compared to that of pain. Further 

investigation is required to test this assumption.  

Contrary to our expectations, we did not find any significant activation in rSMG for genuine disgust as 

compared to pretended disgust; instead, we showed a relatively stronger engagement of the primary 

olfactory cortex between conditions. As we mentioned beforehand, we did not target the latter area 

when planning the study but later included it inspired by the exploratory analysis. The (primary) 

olfactory cortex has been considered to mainly comprise the anterior olfactory nucleus, the olfactory 

tubercle, piriform cortices, and subregions of amygdala and entorhinal cortex (Savic et al., 2000; 

Tzourio-Mazoyer et al., 2002; Zhou et al., 2019). Studies have found that this region is recruited not 

only for direct olfactory sensations but also for the indirect experience of olfactory processing, such 

as odor imagery (Djordjevic et al., 2005; Bensafi et al., 2007) and odor prediction (Zelano et al., 2011). 

Olfactory priming could facilitate the identification of the emotion of disgust (Seubert et al., 2010a; 

Seubert et al., 2010b); in turn, priming with a disgusted face compared to a happy face enhanced 

activation in the olfactory cortex when processing pleasant odors (Schulze et al., 2017). These findings 

imply the engagement of the olfactory cortex in integrating olfactory processes with visually conveyed 

affective information. Furthermore, the primary olfactory cortex has been suggested to participate in 

processing the emotion of disgust, without necessarily experiencing sensory-related disgust. 

Compared with healthy controls, patients with reduced olfactory function (e.g., anosmia and 

hyposmia) have been found to identify less disgust for facial expressions of disgust and show greater 

activations in the primary olfactory cortex, suggestive of a compensatory effect, for disgusting scenes 

(Schienle et al., 2020). Altogether, the stronger engagement of the olfactory cortex might thus be 
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related to the higher level of disgust identified in others who are genuinely rather than merely 

pretending to be disgusted.  

The exploratory DCM analysis of the right aIns and the left olfactory cortex demonstrated a stronger 

excitatory modulatory effect on the olfactory cortex to aIns connection for genuine disgust as opposed 

to pretended disgust. Studies from nonhuman primates and humans using tractography have shown 

structural connections (for human: functional connectivity as well, see Deen et al., 2010) between the 

olfactory cortex and a partial region of aIns (Mufson & Mesulam, 1982; Carmichael et al., 1994; Ghaziri 

et al., 2015; Ghaziri et al., 2018). Specifically, as an important part of the secondary olfactory cortex, 

aIns is considered to engage in receiving and integrating the primary olfactory-affective information 

conveyed by the primary olfactory cortex. Moreover, the external sensory and affective messages 

seem to be already preprocessed in the primary olfactory cortex before they are conveyed to the 

secondary cortices (Soudry et al., 2011, for review; Seubert et al., 2013, for meta-analyses). Together 

with the evidence of higher brain activation in the right aIns and left olfactory cortex for genuine 

disgust compared to pretended disgust, we speculate that the increased excitatory modulatory effect 

on the olfactory-to-aIns connection may be related to the processing of passing messages of higher 

disgust emotion identified in others to activations related to affect processing, which may constitute 

the neural underpinning of the increased shared unpleasantness with others. This idea would also be 

in line with the theoretical framework proposed by Coll et al. (2017), that higher identified emotion in 

others contributes to stronger shared affect, and that the fully-fledged empathic response may be an 

integrated consequence of (at least) these two processes. We performed another DCM analysis 

between the right aIns and the right olfactory cortex to validate the modulatory effect we detected in 

the DCM model with the left olfactory cortex. Results showed a very similar pattern to the DCM model 

with the left olfactory cortex, in the sense of replicating the excitatory modulatory effect on the 

connection of the olfactory cortex to aIns for both conditions and the absence of any significant 

condition-dependent modulatory effect on the connection in the opposite direction. Even though for 

this model we did not find a significant difference in the modulatory effects between genuine disgust 

and pretended disgust, these results at least attest to the robustness of the modulatory effect from 

the olfactory cortex, regardless of the left or right hemisphere, to the right aIns.  

We found the excitatory modulatory effect for genuine disgust was positively related to individual 

perspective-taking scores. This finding demonstrated that the connection of the olfactory cortex to 

aIns for genuine disgust was related to the tendency of adopting the psychological point of view of 

others, which would finally contribute to the level of one’s own affective responses to the emotion 

felt by another person. This view is supported by the evidence that aIns, especially the right aIns, is 

implicated in distinct neural patterns of representing self- and other-related aversive states for disgust 
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as well as pain (Corradi-Dell’Acqua et al., 2016). No association with any questionnaire was found for 

pretended disgust. Taking all these results together, we would speculate that for the genuine disgust 

condition, the olfactory cortex interacts with aIns to achieve genuine identification of disgust in others. 

This would call for a higher demand to take the other’s perspective, and in this way may contribute to 

the higher shared affect. For the pretended pain condition, sensory-driven (“automatic”) emotion 

processing induced by the saliency of disgust expression interacts with the cognitive processes (i.e., 

knowing this person was merely acting out and did not feel any disgust at all), resulting in both a low 

level of identified disgust and shared affect. In this case, it may be less important to recruit the function 

of perspective-taking to share the emotions of others. However, further investigation is required to 

test these interpretations. 

In conclusion, the current study largely replicates, as well as expands our previously reported findings 

on pain. Firstly, and similar to what we have shown for empathy for pain using the same experimental 

approach and within the same study, we provide evidence that responses related to empathy for 

disgust in aIns can indeed be linked to the affective sharing rather than merely perceptual saliency. 

Secondly, we show how aIns and the olfactory cortex, instead of aIns and rSMG that we previously 

found in pain, orchestrate the tracking of disgust felt by another person. Taken together, these 

findings indicate that similar as well as distinct brain networks are engaged in processing different 

affective experiences, in this case pain and disgust, experienced by others. This refines and expands 

our understanding of the neural bases of empathy, from a dynamic and multi-modal perspective. 
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Chapter 5 – General discussion 

Summary of research  

In this thesis, inspired by the theoretical model proposed by Coll et al. (2017), I employed behavioral, 

psychopharmacological, and functional brain imaging perspectives to investigate the potential role of 

emotion identification in empathy. Given the complexity of emotion identification and it is difficult to 

be directly operated and measured, here we focus on the processes essentially related to emotion 

identification (e.g., emotion recognition) and investigated the underlying opioidergic mechanism and 

how different levels of the recognized affect in others influenced empathic responses.  In Chapter 2, 

we studied whether and how the opioid system influenced participants’ judgments of painful facial 

expressions in an emotion discrimination/recognition task, with morphed facial expressions of pain 

and disgust at different intensities (Chapter 2). Specifically, participants, in a double-blind design, were 

allocated to two separate sessions, for which they were administered with either a naltrexone pill or 

a placebo pill in one session and the other pill in another session. Participants then performed an 

emotion discrimination/recognition task in the fMRI scanner, in which they were required to choose 

whether a mixed facial expression was showing either pain or disgust. On the behavioral level, we 

found participants less frequently to choose a morphed expression as pain during the naltrexone 

session as compared to the placebo session. On the neural level, participants showed parametrically 

enhanced activations in cortical visual association areas in the right hemisphere, including the fusiform 

face area, with increased pain intensity for both sessions; that is, the higher the intensity of pain was 

in a mixed expression, the stronger visual activation was in this region. Importantly, this parametric 

activation was generally stronger in the naltrexone session than in the placebo session. We considered 

this increased visual activation in the naltrexone session might reflect a compensatory effect in coping 

with the decreased sensitivity for pain expressions as compared to the placebo session. Further 

regression analysis showed that the parametric activation was individually associated with pain 

choices in both sessions. This study provided evidence 1) for the engagement of the opioid system in 

the discrimination/recognition of painful facial expressions, and 2) that during this process, the opioid 

system seemed to have more influence on visual-perceptive processing rather than affect processing, 

as we would have predicted based on previous research on empathy for pain (Rütgen et al., 2015). 

However, this finding does not necessarily suggest the opioidergic modulation merely had an effect 

on the visual-perceptive components and had no effect on the affect processing. I would argue that 

the lack of affective engagement due to the morphed expressions as well as the rather cognitive focus 

of the task on emotion recognition, may, at least to some extent, account for this.  
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In Chapter 3, we designed and used a novel paradigm to investigate the neural signatures underlying 

empathic responses induced by seeing others genuinely experiencing pain vs. the sensory-driven 

responses triggered by others’ painful facial expressions though knowing the pain was merely acted. 

In the experiment, participants were instructed to observe video clips presenting a demonstrator’s 

painful expressions when this person was receiving an injection on their cheek. Additionally, 

participants viewed videos of the same injection but the needle was covered by a protective cap (all 

conditions were thoroughly explained and clearly visible to participants). The demonstrator’s facial 

expression, the demonstrator’s feeling, and the participant’s unpleasantness were rated following 

each video. Results showed higher ratings for all three aspects, indicating that participants identified 

higher pain in others and felt more unpleasantness for the genuine pain condition than the pretended 

pain condition. Moreover, stronger activations were found in the bilateral aIns, aMCC, and rSMG for 

genuine pain as compared to pretended pain, and the increased activity in aIns was unveiled to be 

selectively associated with the ratings of unpleasantness rather than ratings of pain expressions in 

others or painful feelings in others. A DCM analysis was implemented on the right aIns and rSMG, 

demonstrating reduced inhibitory modulatory effects on the aIns-to-rSMG connection for genuine 

pain as compared to pretended pain. In particular, the inhibitory modulatory effect detected for 

genuine pain was individually related to the ratings of painful feelings in others and empathic traits. 

No association between the modulatory effect and behavioral measurements was found for 

pretended pain. This study indicated that 1) the aIns activation induced by seeing others genuinely 

experiencing pain was indeed related to affect processing rather than merely perpetual saliency, and 

2) the orchestration of aIns and rSMG tracked how other people really felt in painful situations.   

Chapter 4 extended and built upon the study in Chapter 3. In this study, we focused on similar research 

questions but investigated it with the emotion of disgust; that is, which neural mechanisms engaged 

when seeing others genuinely experiencing disgust vs. pretending to be in disgust. Specifically, 

participants watched videos clips either showing someone who was genuinely sniffing the dog’s faces, 

or merely pretending to smell something disgusting. We used the same ratings as Chapter 3 but were 

interested in disgust. Results showed increased activation in the right aIns and the left olfactory cortex 

for genuine disgust as opposed to pretended disgust. Similar to the pain findings, the increased aIns 

activation was particularly related to one’s own unpleasantness rather than disgusted expressions or 

disgusted feelings in others. A DCM analysis was performed between the right aIns and rSMG, similar 

to what we did in the pain study, again showing inhibitory modulatory effects on the aIns-to-rSMG 

connection for both conditions; however, no difference was found between the genuine and 

pretended conditions. An exploratory DCM analysis was additionally performed between the right 

aIns and the left olfactory cortex. Results showed stronger excitatory modulatory effects on the 
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olfactory-to-aIns connection for genuine disgust than pretended disgust, and this excitatory 

modulatory effect for genuine disgust was associated with an empathy-related trait, perspective-

taking. No association with behavioral measurements was found for pretended disgust. Additionally, 

a third DCM analysis was performed between the right aIns and the right olfactory cortex, again we 

found excitatory modulatory effects on the connection from the olfactory cortex to aIns, though there 

was no difference between conditions. Combined with the findings in Chapter 3, this study thus 

suggests that: 1) the aIns is indeed an important region that can be specifically associated with affect 

sharing, of both pain and disgust, and 2) that different brain networks are engaged in responding to 

genuinely painful vs. disgusted experiences of others. 

In the following sections, I will discuss in detail the scientific contributions, the limitations, and the 

suggested directions for further research based on the reported findings.    

Implications and scientific contributions 

In summary, my research has contributed to our understandings of how processes essentially related 

to emotion identification are engaged in and influence empathic responses in terms of 1) the 

theoretical implications, 2) the neural dynamics underlying affective and cognitive processes, and 3) 

cross-modal and modality-dependent evidence of different affective states. I will discuss these 

scientific contributions point-by-point as follows.  

Firstly, all three studies have shown evidence to suggest that painful emotion recognition, an 

important process implicated in emotion identification, does play a role in empathy. According to the 

findings of Chapter 2, recognition of painful facial expressions can be modulated by the opioid system, 

for which the same system also shows the influence on empathy for pain (Rütgen et al., 2015; 

Karjalainen et al., 2017; Rütgen et al., 2018). The results on the neural mechanisms seem to be 

somehow against our expectation, that the opioidergic modulation is more likely to occur in the 

processing of visual perception rather than affect processing previously found by our lab in empathy 

for pain (Rütgen et al., 2015). I argue this “mismatch” may be attributed to different contexts (i.e., 

contents and instructions) of experimental paradigms implemented in the two studies. Using meta-

analysis, Lamm et al. (2011) showed that empathy for pain induced by different paradigms engaged 

distinct neural networks that were related to the specific contexts: Observing pictures depicting 

another person’s limb in the painful situations strongly recruited activations in regions implicated in 

action understanding, whereas empathy elicited by visual cues (symbols) that indicated whether the 

target person was painful or not engaged more activations associated with representing self- and 

other-related processing. In addition, only the former paradigm induced activations in somatosensory 

areas. Moreover, many studies indicated that different instructions regarding the painful situations of 
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others could significantly influence the consequence of empathic responses as well as the 

corresponding neural underpinnings (Gu & Han, 2007; Lamm et al., 2007a; Lamm et al., 2007b). 

Considering the distinct contexts of the two experimental paradigms, namely, observing others’ 

morphed expressions of pain and disgust with the instruction to discriminate/recognize pain 

expression vs. watching symbolic cues representing others’ states with the instruction to share others’ 

painful affect, I would consider the “mismatched” results are not so unexpected/implausible as the 

two paradigms measure different subcomponents. Furthermore, absence of evidence is not evidence 

for absence; thus, a new experiment that better matches the contexts of the processes related to 

emotion identification (e.g., emotion recognition) and empathy is required to test this speculation and 

interpretation. Additionally, in Chapter 3 we detected a link between recognized pain in others and 

the modulatory effect from aIns to rSMG, a region that is particularly implicated in self- and other-

related processing in the emotional domain, suggesting that the potential interaction of the 

recognition of others’ pain and self-other processing might contribute to the empathic responses. In 

Chapter 4, we found the interplay between regions implicated in affective sharing and direct/indirect 

experience of disgust could dissociate genuine disgust vs. pretended disgust of others, implying the 

engagement of recognizing others’ disgust in the modulation of empathic responses. All in all, these 

studies suggest that recognition of others’ emotions, which is associated with different perceptual, 

cognitive, and affective processes related to emotion identification, indeed contributes to the 

consequences of empathizing with others.  

Furthermore, our studies have demonstrated how affective and cognitive processes possibly interplay 

to contribute to the empathic response. In Chapter 3, we found modulatory effects (i.e., inhibition) 

between regions implicated in affect processing and affective self-other distinction when seeing 

others genuinely experiencing pain as well as acting to be in pain; specifically, the inhibitory 

modulatory effect from aIns to rSMG was higher for the pretended pain as compared to the genuine 

pain. We speculate two distinct functional mechanisms underlie these two modulations: for genuine 

pain, a modulation of “affective-to-affective” self-other distinction is achieved to disentangle the 

affective states originating from self from those attributed to others; for pretended pain, a “cognitive-

to-affective” self-other distinction is required to resolve the conflicting information between the 

sensory-driven affective responses (i.e., “this person looks in pain”) and the prior knowledge (i.e., “I 

know this person should not feel any pain at all”). In Chapter 4, we found stronger excitatory 

modulatory effects from regions implicated in the direct/indirect experiences of disgust (i.e., the 

primary olfactory cortex) to regions suggestive of affect processing (i.e., aIns), in response to seeing 

others genuinely experiencing disgust as opposed to acting disgusted. We argue this increased 

excitatory modulatory effect for genuine disgust may be related to the processing of conveying 



 

 

 

119 
 

messages of more identified disgust in others to areas involved in affect processing, which may 

underpin the increased shared unpleasantness. This idea fits with the theoretical framework proposed 

by Coll et al. (2017), that the identified emotion in others contributes to shared affect, and the 

complete consequence of empathic responses is integrated by (at least) these two processes. 

Altogether, our studies shed light on the interactive activations underlying the cognitive and affective 

processes engaged in empathy, such as emotion recognition/identification, affect sharing, and self-

other distinction. This thesis paves the way for further research to continue this work. 

Last but not least, we have shown both cross-modal and modality-dependent neural signatures in 

terms of seeing others’ pain (Chapter 3) and seeing others’ disgust (Chapter 4). We found consistent 

evidence across these two studies that the increased aIns activation was always selectively associated 

with increased self-unpleasantness between the genuine and pretended conditions rather than 

perceived expressions or feelings in others. These findings have strongly supported the statement that 

aIns (perhaps also extended to aMCC) is essentially engaged in the affect processing of empathy rather 

than merely domain-general processes (e.g., automatic emotional processing and perceptual 

saliency). If one agrees with this interpretation, it triggers a follow-up question: whether this 

unpleasantness for genuine pain and disgust is generally induced by aversive experiences or 

specifically related to different emotions and their affective components. Albeit the current design 

does not allow us to answer this question directly, we did find some evidence from previous research 

and the current findings. Using multivariate pattern analysis (MVPA), Corradi-Dell’Acqua et al. (2016) 

found both cross-modal and modality-dependent brain patterns of the aIns activity for pain and 

disgust: in the left aIns (and aMCC), the shared coding has been suggested, regardless of the modality; 

whereas in the right aIns, a sensory-specific pattern has been more plausibly detected. In my studies, 

the aIns in the right hemisphere has been shown to be related to self-unpleasantness for both pain 

and disgust, and I speculate this activation to represent affect processing that is modality specific. 

Particularly, the DCM analyses we performed for pain and disgust demonstrated different 

connectivity: though inhibitory modulatory effects on the aIns-to-rSMG connection were found in the 

genuine and pretended conditions for both pain and disgust, the distinct modulations between 

conditions were only unveiled in pain but not in disgust. However, given the perceptual and affective 

salience of the pain and disgust stimuli was not precisely matched, we refrained from performing 

within-subject analyses of pain and disgust. It is thus hard to say whether the failure to completely 

replicate the findings across different affective experiences reflects modality-specific or domain-

general distinct neural mechanisms, or not. Besides, we found the connectivity including the area 

specifically related to the sensory and affective components of disgust (i.e., the olfactory cortex) was 

able to be distinctly modulated by genuine disgust and pretended disgust. I would argue this 
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modulatory effect might be particularly engaged in disgust emotion identification and may not occur 

for the identification of pain. All in all, these results indicate both cross-modal and modality-specific 

processes are implicated in processing empathy for different aversive experiences (i.e., pain and 

disgust), and future research is needed to further decode these overlapping and distinct neural 

underpinnings in empathy in terms of different affective experiences.   

Limitations and future research  

This thesis has contributed to our scientific understanding of how processes fundamentally related to 

emotion identification participated in and modulate empathy, yet several limitations remain for future 

research.  

A first limitation is related to Chapter 2, that is, it is necessary to further clarify whether the effect of 

naltrexone manipulation on painful emotion recognition is mainly pain-specific or driven by features 

that only differ between pain and disgust but are not applied to other emotions. Since pain and disgust 

are closely related in many aspects, I would expect the results might be different when discriminating 

pain from another emotion, such as fear, with a rather similar paradigm. Therefore, it requires further 

experiments to investigate the discrimination/recognition of painful expressions with other negative 

emotions. Only in this way could we say whether the findings in Chapter 2 indicate the core opioidergic 

mechanisms underlying recognizing/identifying pain expressions of others, or not.  

A second limitation regards Chapter 3, where we did not explicitly quantify the extent of self-other 

distinction. Albeit previous studies have shown converging evidence that self-other distinction is 

specifically related to the rSMG activation (Decety & Sommerville, 2003; Silani et al., 2013; Steinbeis 

et al., 2015; Hoffmann et al., 2016; Bukowski et al., 2020), this region is also engaged in some other 

processes, such as selective attention, action observation, and emotion imitation (e.g., Bach et al., 

2010; Pokorny et al., 2015; Gola et al., 2017; Hawco et al., 2017). Therefore, I expect future research 

to explicitly quantify self- and other-related processes in an empathy-related task.  For instance, one 

possible idea could be to test how people react to painful facial expressions (the intensity is matched 

beforehand) presented by their own and someone else in the painful situations (e.g., electrical 

stimulation), as well as by another person who also displays painful expressions but merely pretends 

to be in pain. By this design, one could directly quantify how participants reacted to self-directed 

genuine pain, other-directed genuine pain, and other-directed pretended pain.   

A third limitation is about Chapters 3 and 4, where we failed to directly compare the responses of 

seeing others in pain and disgust together. The current discussion concerning the similarities and 

differences of seeing others in pain and disgust was not based on the direct findings of comparing 
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these two affects. Instead, it was mostly inferred from the independent analyses of the two studies. 

As mentioned in the previous section, since the perceptual saliency of the vicarious experiences of 

pain and disgust in these two studies was not equal (i.e., higher behavioral ratings and stronger brain 

activations for pain in general as compared to disgust, according to preliminary analyses; the 

comparative results are not exhibited in this thesis), any variation detected in the comparison of 

behavioral measurements or brain activations could merely have been induced by the difference in 

stimuli salience or the responses to that salience.  On top of that, another limitation is that the 

paradigms we used in Chapter 3 and 4 merely controlled for perceptual salience but not for affective 

salience, namely, empathic/vicarious responses to the perceptual salience. Therefore, though 

stronger activations are found in aIns and aMCC for genuine pain as compared to genuine disgust, we 

could not say pain induces more affect processing than disgust, as the perceptual salience of painful 

stimuli or the empathic responses induced by the perceptual salience may have been just generally 

higher than that of disgust. Further research is required to better match the saliency (both perceptual 

and affective) between pain and disgust so that researchers can perform a meaningfully conjunctive 

analysis to directly compare these two affects. 

The last limitation concerns our research topic and research goals, that is, how much our studies could 

say about the role of emotion identification in empathy, and to what extent these findings test the 

theoretical model of Coll et al. (2017). As I have stated in the general introduction, it is hard to directly 

study emotion identification since the process of emotion identification is complex and it is difficult to 

be manipulated and measured. Furthermore, we did not aim to test the whole model, namely how 

emotion identification and affect sharing independently contribute to the consequences of empathy. 

Instead, we focused on the opioid mechanisms underlying recognition of painful expressions, since 

previous studies evidenced the link between the opioid system and empathy for pain, and how 

different levels of recognized affect in others (i.e., genuine pain/disgust vs. pretended pain/disgust) 

influenced the consequences of empathic responses. In a way, the current studies could not directly 

answer how emotion identification itself influences empathic responses, however, compared with 

previous research these findings have already provided more explicit and quantified evidence implying 

the engagement of emotion identification in empathy. To investigate the model more specifically, 

future research that more precisely quantifies the process of emotion identification is required.   
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Chapter 6 – Abstract 

Our affective states are influenced by how we perceive others’ feelings. Successful identification of 

others’ emotions is vital for personal interaction, social cooperation, and harmony. With this doctoral 

thesis, I aimed to investigate the opioidergic mechanism underlying some processes essentially related 

to emotion identification and how these processes regulated the consequences of empathic 

responses. Three studies are reported, which involved behavioral measurements, neuroimaging, and 

psychopharmacological manipulation. In the first study, I investigated whether and how the opioid 

system influenced the discrimination of painful from disgusted facial expressions. Using the opioid 

antagonist naltrexone, I found that opioidergic modulation had a negative effect on the recognition 

of pain, and that this was linked to brain areas associated with visual-perceptive rather than affective 

neural processing. In the second study, I examined which neural networks dissociated the empathic 

responses when observing others genuinely experiencing pain vs. acting out pain. Using dynamic 

causal modeling (DCM), I found distinct effective connectivity between brain regions underlying affect 

processing (i.e., anterior insula, aIns) and self-other distinction (i.e., the right supramarginal gyrus, 

rSMG) for genuine vs. pretended pain, which seems to track how another person really feels. The third 

study aimed to complement and extend the second study on pain. Using a similar paradigm but with 

disgust (genuine disgust vs. pretended disgust), I replicated that activation in aIns was related to affect 

sharing rather than merely perceptual saliency. Connectivity between aIns and the olfactory cortex, 

rather than between aIns and rSMG, was found to track distinctive responses for genuine compared 

to pretended disgust. Taken together, this thesis has advanced our understanding of the neural 

networks involved in empathy and affect sharing, and in the potential role of emotion identification 

for these processes. It also highlights how empathy can be studied as an interactive and dynamic 

process comprised of different perceptive, cognitive, and affective processes.  
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Zusammenfassung 

Wie wir die Gefühle Anderer wahrnehmen, beeinflusst unseren affektiven Zustand. Eine erfolgreiche 

Identifikation der Gefühle Anderer ist wichtig für persönliche Interaktionen, soziale Kooperation und 

Harmonie. Mein Ziel in dieser Doktorarbeit war es, sowohl opioiderge Mechanismen zu untersuchen, 

die denjenigen Prozessen zugrunde liegen, welche mit der Identifikation von Emotion in Verbindung 

stehen, als auch wie diese Prozesse die Konsequenzen empathischer Reaktionen regulierten. Diese 

Dissertation umfasst drei Studien, bei welchen behaviorale Maße, neuronale Bildgebung und 

psychopharmakologische Manipulation zum Einsatz kamen. In meiner ersten Studie untersuchte ich, 

inwiefern das Opioidsystem die Unterscheidung der Gesichtsausdrücke von Schmerz und Ekel 

beeinflusste. Durch die Verwendung des Opioidantagonisten Naltrexon konnte ich feststellen, dass 

opioiderge Modulation einen negativen Effekt auf die Erkennung von Schmerz hatte, welcher auf 

visuell-perzeptive Gehirnregionen zurückzuführen war, jedoch nicht auf affektive neuronale 

Prozesse. In meiner zweiten Studie untersuchte ich, welche neuronalen Netzwerke empathische 

Reaktionen bei der Beobachtung Anderer beeinflussten, wenn diese authentischen Schmerz 

empfinden oder Schmerz vortäuschen. Durch die Verwendung von „Dynamic Causal Modeling“ 

(DCM) konnte ich eine veränderte Konnektivität zwischen Gehirnregionen feststellen, welche 

affektiven Prozessen (anteriore Insula, aIns) und der Unterscheidung des Selbst von Anderen 

(rechter supramarginaler Gyrus, rSMG) unterliegen, je nachdem ob authentischer oder 

vorgetäuschter Schmerz beobachtet wurde. Änderungen in dieser Konnektivität tragen also 

augenscheinlich dazu bei zu erkennen, wie eine andere Person tatsächlich fühlt. Das Ziel der dritten 

Studie war es, die zweite Studie zu Schmerz zu replizieren und auszuweiten. Durch die Verwendung 

eines ähnlichen Paradigmas, diesmal bezogen auf Ekel (authentischer Ekel vs. vorgetäuschter Ekel), 

konnte ich replizieren, dass Aktivierung in der aIns eher mit geteiltem Affekt als reiner 

wahrgenommener Salienz in Zusammenhang stand. Um unterschiedliche Reaktionen für 

authentischen Ekel im Vergleich zu vorgetäuschtem Ekel zu erkennen, wurde die Konnektivität 

zwischen aIns und dem olfaktorischen Kortex, statt zwischen aIns und rSMG untersucht. Insgesamt 

konnte diese Arbeit unser Verständnis der neuronalen Netzwerke, welche in Empathie und geteilten 

Affekt involviert sind, verbessern, sowie die potenzielle Rolle der Emotionserkennung für diese 

Prozesse aufzeigen. Außerdem zeigt sie, wie Empathie als interaktiver und dynamischer Prozess 

untersucht werden kann, der aus unterschiedlichen perzeptiven, kognitiven und affektiven 

Prozessen besteht. 
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