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Background: Vicarious embarrassment (VE) is an emotion triggered by the observation of others' pratfalls or
social norm violations. Several explanatory approaches have been suggested to explain the source of this phe-
nomenon, including perspective taking abilities or ingroup identification. Knowledge about its biological bases,
however, is scarce. To gain a better understanding, the present study investigated neural activation patterns in
response to video clips from reality TV shows. Reality TV is well known for presenting social norm violations,
flaws and pratfalls of its protagonists in real life situations thereby qualifying as an ecological valid trigger for VE.
Methods: N = 60 healthy participants viewed stand stills from previously watched video clips taken from
German reality TV-shows while undergoing functional magnetic resonance imaging. The clips were preselected
for high versus low VE content in a pilot study. Besides the investigation of differences in brain activation elicited
by VE versus control stand stills (blocked design contrast), we performed additional exploratory functional con-
nectivity analyses (psychophysiological interaction; PPI) to detect VE related brain networks.

Results: Compared to the low VE condition, participants in the high VE condition showed a higher activation in
the middle temporal gyrus, the supramarginal gyrus, the right inferior frontal gyrus and the gyrus rectus. Func-
tional connectivity analyses confirmed increased connectivity of these regions with the anterior cingulate in the
VE condition. Moreover, self-ratings of VE and brain activity were correlated positively.

Conclusion: Reality TV formats with high VE content activate brain regions associated with Theory of Mind, but
also with empathic concern and social identity. Therefore, our results support the idea that the ability to put one-
self in other person's shoes is a major prerequisite for VE.

© 2015 Elsevier Inc. All rights reserved.

Introduction

Shame and embarrassment belong to a group of emotions that have
been labeled as “self-conscious” and “moral” in the literature (e.g., Lewis
etal., 2010). From an evolutionary perspective, these emotions fulfill an
important task by helping to adapt human social behavior to universal
or culture-specific norms by punishing failure to comply with these
norms with negative emotional states like embarrassment or guilt
(e.g., Tangney et al., 2007). Important mechanisms for this effect are
self-reflection and self-evaluation of one's own behavior (e.g., Tracy &
Robins, 2004).

Intriguingly, research shows that the experience of self-conscious
feelings cannot only be elicited by one's own misconduct, but also by
the evaluation of other people's behavior, a phenomenon that has
been described as a vicarious or empathic feeling (e.g., Lickel et al.,
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2005; Miller, 1987; Welten et al., 2012). This process even can take
place in cases where there is neither a relationship between observer
and protagonist nor any responsibility of the observer for the
protagonist's actions (Marcus, Wilson, & Miller, 1996; Shearn et al.,
1999). By definition, feelings of vicarious embarrassment (VE)' can be
triggered independently of the intentionality of the protagonist's action
and independently of his or her awareness of the social norm violation
(e.g., Hawk et al., 2011; Krach et al,, 2011), which means that the
protagonist does not have to feel the same as the observer. Empathic
embarrassment on the other hand presupposes a match of the observer's
feelings to the protagonist's internal state (Paulus et al., 2013), which
in turn presupposes awareness and self-conscious feelings of the
protagonist.

In the literature, two major ideas have been put forward to explain
the transmission of an originally self-reflective feeling to another person
(e.g., Welten et al.,, 2012). The first originates from self-identity theory

T VE = vicarious embarrassment; ToM = Theory of Mind; ALE = activation likelihood
estimate; ACC = anterior cingulate cortex.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuroimage.2015.01.022&domain=pdf
http://dx.doi.org/10.1016/j.neuroimage.2015.01.022
mailto:martin.melchers@uni-bonn-diff.de
http://dx.doi.org/10.1016/j.neuroimage.2015.01.022
http://www.sciencedirect.com/science/journal/10538119
www.elsevier.com/locate/ynimg

110 M. Melchers et al. / Neurolmage 109 (2015) 109-117

and supposes that the norm violations of another person can affect
the observer's self-concept by threatening his or her social identity.
In such a case it is necessary that the observer and the protagonist
both identify with the same social group (Tajfel & Turner, 1979). The
second idea is based on the concept of Theory of Mind (ToM) also de-
fined as mentalizing, which describes the ability to attribute mental
states to oneself and others and to understand that others have beliefs,
desires, and intentions that are different from one's own (Premack &
Woodruff, 1978). This ability is of immense importance for VE. The bet-
ter an observer is able to attribute mental states of another person, the
more he or she is able to imagine cognitions and feelings she or he
would experience if being in the same situation characterized by social
norm violations (e.g., Stocks et al., 2011). Therefore, pronounced expe-
riences of VE can be seen as the result of pronounced perspective taking
abilities. Distinguishing between both explanatory approaches is diffi-
cult, because recent evidence indicates that ingroup identification acti-
vates the mentalizing/ToM network when participants judge and
punish norm violating behavior of ingroup members, but not if they
punish the same behavior in outgroup members (Baumgartner et al.,
2012). This suggests that the observation of an ingroup member in con-
trast to an outgroup member might promote the attribution of mental
states. Therefore, both approaches are not completely distinct from
one another.

From a neuroimaging perspective, research up to date has majorly
focused on first person experiences of self-conscious feelings, espe-
cially on the exploration of shame, embarrassment and guilt. These
studies identified regions like the orbitofrontal cortex, the medial
prefrontal cortex, the insula, the anterior cingulate cortex, the amygdala
and the posterior superior temporal sulcus as neural correlates of self-
conscious emotional activity (e.g., Berthoz et al., 2002, 2006; Finger
et al., 2006; Morita et al., 2008; Wagner et al., 2011). Furthermore,
efforts have been made to differentiate brain activity of different self-
conscious emotions (e.g., Takahashi et al., 2004) and to cover the de-
velopment of these emotions in children and adolescents (e.g., Burnett
et al,, 2009; Klapwijk et al., 2013; Somerville et al., 2013).

Imaging research on the basics of vicarious feelings is rather
scarce. Articles in the field for example deal with vicarious feelings of
other's pain (e.g., Vachon-Presseau et al., 2012) or with research on
the emotional mirror system (e.g., Nummenmaa et al., 2008; Schaefer
et al., 2012). To our knowledge, there are only two studies, one by
Krach et al. (2011) and another by Paulus et al. (2014), explicitly inves-
tigating the neural bases of VE in healthy adults. In both studies, drawn
comic vignettes depicting typical embarrassing situations are used as
stimulus material. These situations differ concerning the protagonists'
intentionality and awareness of the norm violation. Major results are
that the anterior cingulate cortex and the left anterior insula are strong-
ly implicated in the experience of other's norm violations, and that this
activation is positively correlated with individual differences in trait
empathy. In the second study, Paulus et al. furthermore elucidate differ-
ences between embarrassment with (i.e. the protagonist is embarrassed
and the audience shares the embarrassment) and embarrassment for
(i.e. the protagonist does not recognize the norm violation, while the
audience feels embarrassment for her or him) another person's mis-
haps. Here, the authors show additional activation in the posterior supe-
rior temporal sulcus when participants share the embarrassment of
others. Most interesting, many of the activated areas found in this
study match results concerning the core network for empathy (Fan
et al,, 2011), which gives another hint for the relation between VE and
empathy.

Based on this previous research, our present study aims to increase
knowledge on the neural bases of VE by investigating the influence of
reality TV formats. A feature of many formats in the area of reality TV
is the presentation of flaws and embarrassing situations through depic-
tion of sexual content, obesity, lack of hygiene, inability to sing or dance
etc. (e.g., Harry, 2008). While this might be enjoyable or funny for many
viewers, it is a source of VE in others, because of the portrayed norm

violations and the unfavorable presentation of the protagonists in
such shows. Since the original air date of Big Brother in the summer of
2000 in the USA (Andrejevic, 2004), the reality TV genre has initiated
major changes to the television industry (e.g., Kjus, 2009). In the mean-
time, several subgenres have developed (e.g., Nabi et al., 2006; Ouelette
& Murray, 2004) and the format opened up new business options for the
television industry (Deery, 2004). Due to the fact that reality TV is very
popular in western societies and well known for presenting social norm
violations, flaws and pratfalls of its protagonists in real life situations, it
qualifies as an ecological valid trigger for VE.

In the present study, we want to investigate whether watching real-
ity TV formats that trigger VE activates specific neural networks in
comparison to emotionally neutral video clips. Reality TV is an impor-
tant factor in today's media landscape, which is why knowledge about
brain activity that is triggered by consumption of reality TV can be
very helpful to understand how media consumption affects our brain
activity and perhaps even resulting behavior. Furthermore, we want
to detect whether brain activity related to VE is identical to that report-
ed for ToM processes or social identity. Even if a distinction purely at the
level of brain activity might be difficult, our results might be helpful to
develop a more accurate idea of what cognitive processes trigger VE.
For ToM and social identity, associations have been reported, for exam-
ple, with the right inferior frontal gyrus, the right inferior parietal lobule,
the right superior parietal lobule, the left lingual gyrus, the anterior cin-
gulate cortex, the precuneus (Scheepers et al., 2013), the dorsomedial
prefrontal cortex, the superior temporal sulcus, the temporo-parietal
junction, and the anterior temporal poles (Frith & Frith, 2006; Schnell
et al,, 2011). Besides, we expect findings in line with Krach et al.
(2011), as our stimuli were selected to trigger the same feelings of VE
that were investigated in Krach et al.'s study. However, the type of stim-
ulus material we use is very different: the clear advantage of our stimuli
is the higher ecological validity, because real acting humans instead of
comic vignettes are shown, which should make it easier for our partici-
pants to imagine themselves in situations like the depicted. On the other
hand it is not possible to categorize scenes from reality TV formats
concerning intentionality and awareness (as Krach et al. did), because
the viewer simply does not know whether the protagonists in the
shows are aware that their actions are perceived as norm violations
and if they intend to violate social norms.

Finally, if we find specific brain activations, we intend to take activat-
ed regions as seeds for whole brain functional connectivity analyses (by
using psychophysiological interaction; PPI). Functional connectivity has
been defined as the correlations between spatially remote neurophysi-
ological events (Friston et al., 1997) and can be an important basis to
understand the interaction of spatially remote brain regions in response
to a specific task or a specific condition. The analysis can be a hint as to
whether two (or more) activation contrasts (based on the experimental
conditions) in different brain clusters represent a single neural process,
or whether they represent parallel, independent neural processes.
These analyses are of exploratory nature and may provide preliminary
information about the neural relationship of structures involved in VE.

Materials and methods
Pilot study: selection of stimulus material

Before starting with the main experiment, we first conducted a pilot
study to select appropriate video material. The major aim was to select a
category of film clips that made observers feel VE and a second category
that was experienced as an emotionally ‘neutral’ counterpart. Clips for
both categories were matched for length, general format and setting
and selected to include a diversity of topics. Overall, N = 14 participants
rated 56 video sequences which were taken from German reality TV.
Participants were asked to rate on a five point Likert scale whether the
respective scene made them feel vicariously embarrassed, whether
the scene was amusing and whether they felt compassionate for the
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protagonists. High scores indicate strong feelings of VE, amusement and
compassion for the protagonists. Each video sequence was introduced
by a short neutral comment providing information on the background
of the depicted scene (e.g., “Thomas had an argument with his girl-
friend. Now he is preparing a surprise ..."”).

14 films with the highest VE ratings (Mexp) = 4.38; SD = 0.506) and
14 films with the lowest ratings (M(cont) = 1.57; SD = 0.472) were se-
lected for the main study. Both experimental conditions (exp/cont)
were compared by means of repeated measures ANOVA. Analysis
of the main effect of film category revealed a huge effect on VE
(F1, 13y = 550.075, p < 0.001, 1* = 0.977). The films of both categories
also differed with respect to perceived amusement (Mexp) = 2.22;
SD = 0.877; M(cont) = 1.29; SD = 0.242; F(4, 13y = 15.155, p = 0.002,
1? = 0.538) and compassion (Mexp) = 2.95; SD = 1.082; M(cont) =
1.35; SD = 0.322; F4, 13y = 31.980, p < 0.001, m? = 0.711). Even after
correcting for the effects of amusement and compassion on VE in a
repeated measures ANCOVA model, the effect of condition was statisti-
cally significant indicating that the stimulus material is suitable for the
analysis of VE (F;, 11) = 18.974, p < 0.001, 1 = 0.633). Because the
clips contain footage from popular German TV broadcasts, we also
asked participants if they knew the presented material and if they had
seen it before on TV or social media. The overall familiarity was low
(4% for the VE films and 0% for the control films) and most crucially
did not differ between both categories (F(, 13y = 3.692, p = 0.103).

For presentation in the fMRI scanner, we opted for stills from the
videos instead of the original material. This decision represents a
compromise between better controllability of stimuli and higher eco-
logical validity: While videos as such offer the highest ecological validi-
ty, because information can be retrieved from various sources (like
facial expression, movement etc.), they can cause additional (irrelevant)
brain activity based on the dynamic nature of the stimulus material,
which might overshadow the effect under investigation (for example,
due to movements or differences in brightness throughout the video).
Pictures in general are much easier to control for in aspects like context,
color, hue, saturation etc. So far, there is very little research dealing with
the influence of stimulus properties on neural processing. One of the
few available studies in the field (dealing with emotion perception)
suggests that videos trigger a stronger neural signal than pictures
(Fine et al., 2009). Furthermore, in their review Risko et al. (2012) pro-
vide a number of studies with differences in results depending on the
utilized stimuli material. Here, the authors conclude (for the field of so-
cial attention) that the best way to understand social processing is using
stimuli ranging in their approximation to a real social interaction. There-
by, more ecologically valid approaches can be compared with more pre-
cise controlled approaches. The sequences from reality TV shows are not
well suited for an fMRI design, as it is very difficult to time lock the he-
modynamic response to the precise moment when a video elicits feel-
ings of VE because some of the videos trigger VE throughout the
whole scene while others include one or two highlights. For this reason,
the use of this sort of stimulus material would be problematic for an
event related design. Therefore, five standstills from each video were
prepared for presentation in the scanner in the main study. Major crite-
rion for selecting the stills was to choose pictures that are suitable to
cover the topic, the plot, and the main point of the respective video
scene which triggers VE. Because an fMRI blocked design allows testing
with higher power as compared to an event related design, and as the
stand stills reconstruct the plot sequence of the video scenes partici-
pants watched before the scanner session, we decided to use a blocked
design for stimulus presentation in the scanner.

Main study: reality TV and vicarious embarrassment

Participants

We investigated a sample of N = 60 healthy participants (n = 39
women, n = 21 men). The majority of participants (age M = 22.95,
SD = 5.38) were psychology students at the University of Bonn,

Germany. All participants gave informed written consent to participate
in the study. Furthermore, the study was approved by the local ethics
committee at the University Clinics of Bonn, Germany.

Experimental design

Participants were invited to the fMRI facility at the Life & Brain
Center in Bonn. The experiment started with a questionnaire package
including information on the study procedure, the informed consent
sheet, briefing on fMRI safety procedures and some other question-
naires, which were not part of this study. Before entering the scanner,
the video material including the VE content and its neutral counterpart
was shown to the participants in a silent room. The order of videos
was randomized. Once again, each video sequence was introduced
with a short comment providing information on the background of
the depicted scene and participants rated their feelings of VE, amuse-
ment, and compassion after each sequence. Besides, participants were
asked for the familiarity of the depicted scenes (compare Pilot study:
selection of stimulus material section).

After the video presentation, participants went into the scanner.
Here, the five stand stills from each video were shown in a blocked de-
sign. Each sequence of still shots was presented twice, resulting in an
overall presentation of 56 blocks (14 films x 2 categories x 2 presenta-
tions). The order of blocks was randomized. The pictures of each block
were sorted according to the plot of the video sequence and each pic-
ture was presented for 4 s resulting in 20 s for each block of pictures.
In order to assure that participants looked at the pictures and did not
close their eyes, a single control picture followed each block, and the
participants had to push a button to decide if the present control picture
had been shown in the preceding picture block. Out of 56 possible re-
sponses (one control picture for each block), participants answered on
average 52.58 (SD = 1.92) times correctly. The mean number of button
presses (regardless of the correctness) was 54.16 (SD = 2.01).

Statistical methods

We performed ANOVA and ANCOVA to check the validity of our
manipulation according to the procedure which had already been
used in the pilot study (see Pilot study: selection of stimulus material
section). Furthermore, additional correlations were calculated to depict
the relationship between the three rating scales for the VE as well as for
the control condition.

For image acquisition, an echoplanar imaging (EPI) sequence with
the following properties was used: number of slices = 31, TR = 2.5's,
TE = 45 ms, slice thickness = 3 mm and a 90° flip angle. The slices
were acquired in an AC-PC orientation, with a FOV of 192 mm in an in-
terleaved manner with a standard 8 channel head coil on a Siemens
(Erlangen, Germany) Avanto scanner with 1.5 T field strength.

Preprocessing of the functional images was implemented using the
Matlab based (The MathWorks, Inc.) software SPM8 (http://www.fil.
ion.ucl.ac.uk/spm) and included slice timing correction, realignment,
coregistration, normalization on MNI standard using the unified seg-
mentations of the high resolution structural image, and smoothing
with a Gaussian filter with a full width of 8 mm at half maximum
(Evans et al., 1993, http://www.bic.mni.mcgill.ca). General linear
models (GLMs) were estimated with a high pass filter of 128 Hz. For
the analyses, we defined three regressors (embarrassing stimuli, control
stimuli and control query) and six additional movement regressors
which were convolved with the canonical hemodynamic response
function (HRF). Resulting linear contrasts were entered into a 2nd
level random effects analysis with age and gender as covariates. All
results presented were thresholded at p < 0.05 FWE-corrected with an
extent-threshold of 20 voxels. Next to this analysis investigating the
main effects of VE, we also analyzed whether there were main effects
for gender in VE. Here, we used a two sample t-test with age as a covar-
iate. To check whether participants' brain activation was associated
with self-report data on VE, we extracted individual mean beta
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coefficients from each cluster observed in the analyses. These coeffi-
cients were then correlated with participants' self-report data on VE.
Furthermore, we performed the same analysis for participants’ ratings
of compassion to rule out the possibility that differences in compassion
between VE and control films could explain the results.

To investigate functional connectivity, we performed PPI analyses
(Friston et al., 1997) to estimate changes in connectivity between
brain regions through experimental manipulation. Seed regions for
the PPI analysis were centered around each individual's maximum
within a six millimeter sphere around peak activation at group level.
Neural time courses in terms of the first eigenvariate were extracted
from these seed regions. Separate interaction terms between the
deconvolved time course from the seed region and the task regressor
were calculated for both conditions of interest (VE vs. control). The in-
teraction terms were reconvolved with the HRF and then added to the
GLM as further regressors of interest. All PPI results presented were
thresholded at p < 0.001 uncorrected, because of the exploratory nature
of these analyses and because of the large main effect in the data.

Results
Video ratings

As in the pilot study, participants' ratings of the stimulus material
suggest that the material is suitable to trigger VE. On average, partici-
pants rated the films in the experimental condition significantly higher
on VE than in the control condition (Mexp,) = 3.85; SD = 0.867;
M(cont.) = 1.48; SD = 0.452; F(], 59) = 694.488, p < 0.001, T]z =
0.922). In congruence with the pilot study, there were also significant
effects of condition on ratings of amusement (M(exp) = 2.42; SD =
0.867; Mconty = 1.26; SD = 0.283; F(;, 59y = 110.092, p < 0.001, /> =
0.651) and compassion (Mexp,) = 2.81; SD = 0.989; M(cont) = 1.51;
SD = 0.428; F(;, 59y = 143.013, p < 0.001, * = 0.708). Controlling
for these additional ratings in an ANCOVA model reduced the difference
in VE ratings but the effect was still strong (F(1, 57y = 36.516, p < 0.001,
1? = 0.386). Overall, the difference between both film categories was
smaller than in the pilot study, which can be explained by a few non-
responders in our main study, who did report very few feelings of VE
irrespective of the video material (on a 5-point Likert-scale 2 partici-
pants responded with a mean rating < 2 for the VE condition; 3 addi-
tional participants responded with a mean rating < 2.5).

For none of the three dependent variables (VE, amusement and
compassion) there were effects of gender observable. With respect to
age, we found negative correlations with amusement in the control
condition (r = —0.340, p = 0.008) and with feelings of VE in the exper-
imental condition (r = —0.412, p < 0.001). Table 1 shows the correla-
tions between the three rating categories for both conditions
(corrected for age if necessary; see above). For the VE condition, we
found that the more VE our participants experienced, the more compas-
sion they felt for the protagonists of the observed scenes. Amusement
was not related to either VE or compassion. Although mean ratings in
the control condition were very low, there were still some very sensitive
participants who experienced VE, amusement or compassion. There-
fore, we also checked for correlations of the three subscales in the con-
trol condition. Here, the association between VE and compassion was
even stronger.

Functional magnetic resonance imaging analyses

Fig. 1 presents the results of the VE > control contrast. We found six
activated clusters (FWE-corrected on the whole brain level with an
minimum extent-threshold of 20 voxels): bilateral activation of the
middle temporal gyrus, bilateral activation of the supramarginal gyrus,
and two smaller clusters in the right inferior frontal gyrus, and the left
gyrus rectus (compare Table 2). Analyses of gender effects delivered
no significant results.

Table 1
Correlation coefficients between the rating scales for VE, amusement and feelings of com-
passion for the VE and control condition.

VE/amusement VE/compassion Compassion/
amusement
VE condition n.s. r = 0.342; p = 0.008 n.s.

Control condition? n.s. r = 0.453; p<0.001 n.s.

2 Results have been corrected for age.

Correlation of participants’ mean beta coefficients for each cluster
with self-report data on VE revealed positive significant associations
(compare Table 3). For ratings of compassion, there were no significant
results.

Results concerning the reverse contrast control > VE are presented
in Table 4. Here, the bilateral medial occipitotemporal gyrus and the
bilateral middle occipital gyrus were significantly more active when
participants looked at the control pictures than when they saw the VE
pictures.

Functional connectivity analyses

Results of the PPI analyses with a statistical threshold of p < 0.001
(uncorrected) are presented in Table 5. We chose a more liberal thresh-
old level for the analysis because of the strong main effects in our data
which, according to Friston et al. (1997), can make it difficult to detect
PPIs as strong main effects may overshadow interactions. We found sig-
nificant interactions between the clusters presented in Table 2 for the
contrast VE > controls with the right caudate nucleus, the left anterior
cingulum, the left calcarine, the left superior temporal gyrus, the left pu-
tamen, the left superior occipital gyrus, and the left lateral fronto-orbital
gyrus. FWE-correction on cluster level revealed only the peak voxel of
the anterior cingulate cortex (—35/35/—5) as significant.

Discussion

The major aim of the present study was to investigate whether real-
ity TV formats which trigger VE in contrast to more neutral formats gen-
erate specific brain activity. Besides, we wanted to explore whether this
activity was in accordance with prior work on ToM, social identity and
other studies on VE with different stimulus material. Finally, we wanted
to search for functional connectivity between VE specific brain activa-
tion and the activation of other brain areas. We were able to show
differences in the processing of pictures between VE and control condi-
tion. In detail, we found higher brain activation for the VE condition in
the middle temporal gyrus (bilateral), the supramarginal gyrus (bilater-
al) and the right inferior frontal gyrus as well as in the left gyrus rectus.

The activated brain regions for the VE > control contrast are located
in areas that have been associated with ToM and related constructs in
the literature. The middle temporal gyrus, for example, has been identi-
fied as a part of the mentalizing network in an activation likelihood es-
timate (ALE) meta-analysis with more than 200 studies and is activated
in ToM tasks (Bzdok et al., 2012). Furthermore, this region has been
associated with the processing of false belief stories (which presup-
pose ToM abilities) in a meta-analysis (Schurz et al., 2013), the need
to take the perspective of another person in a communicative task
(Dumontheil et al., 2010), trait perspective taking abilities (Falk et al.,
2012) and the processing of social rejection (Premkumar et al., 2012).
These results fit well to our own results: To be able to exhibit a vicarious
reaction, our participants needed to put themselves into the shoes of the
protagonists. When they did so, they most probably felt VE because they
judged action and appearance of the protagonists to be a norm violation
which in turn can lead to social rejection. Therefore, this activation
might not only represent a process of mental attribution and perspec-
tive taking, but also the associated assessment of the protagonists'
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Fig. 1. Significantly higher brain activation in vicarious embarrassment compared to control pictures (p < 0.05, FWE-corrected, k > 20) in the bilateral middle temporal gyrus (a), bilateral

supramarginal gyrus (b), the right inferior frontal gyrus (c), and the left gyrus rectus (d).

behavior and its possible consequences. Furthermore, the activation of
the middle temporal gyrus could represent memory activity related to
judging an action as a norm violation: Social norms are shaped by the
cultural environment of a person (e.g., Heinrichs et al., 2006). Therefore,
culture specific information on normative behavior must be stored to
allow retrieval in a (potentially) norm-violating situation. The middle
temporal cortex has been identified as an important part of the seman-
tic memory network (Martin & Chao, 2001). Besides, this brain structure
has been repeatedly related to moral and socio-normative judgments in
the literature (Avram et al.,, 2013; Borg et al., 2006, 2008; Prehn et al.,
2008). Therefore, the encountered activation may represent the retriev-
al of information on learned norms to allow the comparison of such
norms with the observed behavior.

For the right supramarginal gyrus, Silani et al. (2013) found an
association with reduced emotional egocentric biases in social judg-
ments of others indicating that a higher activity is related to overcoming
emotional egocentricity and to enhanced perspective taking. van der
Heiden et al. (2013) showed that the supramarginal gyrus is of high rel-
evance for explaining differences in perceiving oneself versus another

Table 2

person in pain, indicating once again its involvement in processes of
perspective taking. Further evidence comes from Lawrence et al.
(2006), who found activation in the supramarginal gyrus playing a
role for the representation of another's emotional state.

Activity in the right inferior frontal cortex has been associated with
the ability to attribute beliefs to others (Vogeley et al., 2001). The
authors showed that the region is activated by the interference of the
self in a fictional story (the participants were included as characters in
the story) when attributing a mental state to another character. Appar-
ently, this region is involved in the inhibition of the self-perspective.
This finding has been validated in a clinical study (Samson et al.,
2005). In addition, studies on false-belief tasks showed a bilateral acti-
vation of the inferior frontal gyrus in tasks with high demand on the
inhibition of the observer's own perspective (Hartwright et al., 2012;
van der Meer et al., 2011). Finally, the inferior frontal gyrus has been in-
volved in emotional empathy (Banissy et al., 2012; Schulte-Riither et al.,
2007; Shamay-Tsoory et al., 2009), cognitive empathy (Hooker et al.,
2010) and self-reported feelings of compassion (Simon-Thomas et al.,
2012).

Activated brain areas in the contrast vicarious embarrassment films > control films (p < 0.05, FWE-corrected, k > 20).

Cluster no. Region Coordinate of peak (MNI) Cluster size t-Score of peak
1 Middle temporal gyrus left —51/—73/—-2 546 16.34
2 Middle temporal gyrus right 48/—58/1 576 15.01
3 Supramarginal gyrus left —60/—28/31 144 833
4 Supramarginal gyrus right 63/—21/37 105 7.30
5 Inferior frontal gyrus right 48/35/7 44 7.09
6 Gyrus rectus —3/47/—23 24 6.79
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Table 3

Correlations between participants mean beta coefficient and self-reported vicarious em-
barrassment and compassion ratings. Results are based on the 6 activation clusters from
the main fMRI analysis.

Vicarious embarrassment ratings Compassion ratings

Cluster 1 r = 0.492; p<0.001 r = 0.196; n.s.
Cluster 2 r = 0.429; p < 0.001 r =0.185; n.s
Cluster 3 r = 0.300; p = 0.020 r=0.163; n.s.
Cluster 4 r=0.272; p = 0.035 r=0.183; n.s.
Cluster 5 r = 0.334; p = 0.009 r=—0.075; n.s.
Cluster 6 r = 0.255; p = 0.049 r = 0.046; n. s.

The results for the supramarginal gyrus and the right inferior frontal
cortex once again fit well to ToM findings in the literature. Reality TV as
stimulus material differs from comic vignettes in such a way that the be-
havior depicted in the scenes can appear scripted or far(er) away from
everyday experiences of the observers. Therefore, mental attribution
can require greater efforts, because the distance between own and the
protagonists' perspective is simply bigger. If the supramarginal gyrus
and the inferior frontal cortex are important structures to suppress the
egocentric perspective and to represent others' emotional states, it
makes sense that we find a rather strong activation in the contrast
VE > control films when using reality TV as stimulus material. On the
other hand, the use of comic vignettes as stimulus material requires
transferring the plot from a cartoon to the real world, which should
lead to comparable high (while qualitatively different) requirements
for perspective taking. The activation of the inferior frontal gyrus also
accords to findings concerning the neural bases of social identification:
Scheepers et al. (2013) found that participants with high trait iden-
tification exhibited stronger activation of this area when presented
with faces of ingroup-members compared to outgroup-members. This
means that for those who see the group as an important part of their
self-concept, recognition of the ingroup correlates with activation of
the inferior frontal gyrus. Recent research shows that ingroup identifi-
cation activates the mentalizing network (Baumgartner et al., 2012).
Therefore, findings concerning social identification might rely on the
same basic mechanisms as ToM/mentalizing.

For the gyrus rectus, Hynes et al. (2006) found an association
between the activity of the left gyrus rectus and participants' ability
for emotional perspective taking (attributing emotions to others)
when asked for their feelings in written scenarios. Goodkind et al.
(2012) demonstrated a relationship between atrophy in gray matter
of the gyrus rectus and reduced performance in a dynamical emotion
tracking task in a sample of participants with diverse neurodegenerative
diseases. In our study, ratings for compassion with the protagonists of
the videos were overall rather low. Nevertheless, the encountered activ-
ity may represent participants' (cognitive) attempt to generate the
feelings which they would feel if being in the protagonists' situation,
even without sympathizing with them. This fits nicely to the results of
Hynes et al., because in their paradigm participants attributed emotions,
without having to sympathize or feel the same way as the protagonists.
Furthermore, analyses concerning the correlation between brain activi-
ty in the gyrus rectus and ratings for compassion revealed no significant
results. This supports the idea that activation of the gyrus rectus is not
driven by feelings of compassion.

Interestingly, the areas that were activated in our study design show
very few overlap with the results of Krach et al. (2011), who found

Table 4

Table 5
Brain regions with psycho-physiological interactions with the activation clusters of the
main contrast (p < 0.001, uncorrected, k > 20).

Interacting  Coordinate Cluster  t-Score
with of peak size of peak
(MNI)

Caudate nucleus right Cluster 1 6/11/—5 69 6.01
Anterior cingulum left Cluster 1 —3/38/—5 72 490
Cluster 2 —3/35/=5 26 5.23
Cluster 3 —3/35/=5 20 5.40
Cluster 4 —3/35/=5 11 4.88
Cluster 5 —3/35/=5 35 5.19
Cluster 6 —3/35/=5 19 4.59
Calcarine left Cluster 1 —12/—64/13 74 459
Cluster 2 —12/—64/13 154 493
Cluster 3 —15/-70/7 122 4.63
Cluster 5 —15/=73/7 35 4.22
Cluster 6 —12/—64/13 69 419
Superior temporal gyrus left Cluster 1 —45/17/—14 13 4.20
Putamen left Cluster 1 —24/11/—-5 14 3.99
Superior occipital gyrus left Cluster 2 —36/—88/25 53 4.63
Cluster 5 —27/—82/19 15 3.86
Lateral fronto-orbital gyrus left ~ Cluster 5 —3/8/—17 12 423
Cluster 6 0/11/—20 31 4,60

Clusters 1 & 2: middle temporal gyrus left/right; Clusters 3 & 4: supramarginal gyrus left/
right; Cluster 5: inferior frontal gyrus right; Cluster 6: gyrus rectus.

major activations in the anterior cingulate cortex and the insula. Most
likely, this variation represents differences in the processing of the
stimulus material, as the presentation of comic vignettes with typical
pratfalls may elicit other reactions than the observation of a person in
areality TV format. The regions reported by Krach et al. are mainly asso-
ciated with the affective empathy/compassion system (compare Li et al.,
2014) and it should be rather easy for the participants to feel with the
depicted persons in the vignettes as the portrayed pratfalls could hap-
pen to everyone. However, the stimuli in our study present protagonists
who are with high probability dissimilar (concerning their behavior, ap-
pearance etc.) from the observers. Therefore, it might be more difficult
for our participants to feel compassion for these protagonists. Support
for this assumption comes from the compassion ratings: participants
had average compassion ratings of 2.77 for the VE condition on a five
point Likert scale, which is about half of the compassion they could
have reported at maximum. Furthermore, correlations between amuse-
ment and VE pictures showed only 22% of shared variance. Therefore,
we assume that our participants took a more cognitive road which ex-
plains the activation in regions closer related to ToM than to affective
empathy/compassion.

The correlations of neural activity during processing of VE stimuli
with the VE ratings support our study design: the higher participants
rated the video material as vicariously embarrassing, the higher was
the observed difference in neural activation between the two experi-
mental conditions. Therefore, we can be confident that the observed ac-
tivation patterns represent feelings of VE, which is a very important
validation. In this context, results concerning the correlation of neural
activity with ratings for compassion show that the encountered neural
activation is specific to VE and cannot be explained by the overlap be-
tween ratings of compassion with those of VE.

The control > VE contrast revealed activity in areas that primarily
deal with visual processing (e.g., Beauchamp et al., 1999; Fortin et al.,
2002, Larsson et al., 2006; Tyler et al, 2013). Bottom-up visual

Activated brain areas in the contrast vicarious embarrassment films < control films (p < 0.05, FWE-corrected, k > 20).

Cluster no. Region Coordinate of peak (MNI) Cluster size t-Score of peak
1 Medial occipitotemporal gyrus left —27/—49/-8 322 12.26
2 Medial occipitotemporal gyrus right 27/—46/—8 307 11.75
3 Middle occipital gyrus left —36/82/37 70 8.10
4 Middle occipital gyrus right 42/—76/34 67 7.54
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processing seems an unlikely explanation for the differences in cortical
activation because visual stimuli in the two categories were carefully
matched. Striate and extrastriate areas, however, are subject to top-
down attentional modulation, which is our primary explanation for
the effect observed. Research on the relationship between emotion
and attention has revealed that emotions are able to redirect/influence
attention (Hajcak et al., 2013; Taylor & Fragopanagos, 2005). Further-
more, attention to a certain region in space has been shown to enhance
activity in visual areas retinotopically mapped to this region (zoom lens
model of visual attention; Miiller et al., 2003). If the VE pictures in the
scanner reactivated the VE participants felt when viewing the video
clips, the pictures might have modulated participants' attention by
focusing on the embarrassing aspects of the respective pictures. In con-
trast, the control pictures do not trigger such strong and specific emo-
tions in the observer and should therefore not trigger such attentional
biasing towards specific aspects but leave room for a more widespread
analysis of the whole picture. In conjunction with the block design, this
should lead to more focused activation on the representation of VE rel-
evant content in the visual cortical areas in the VE condition. But as the
spatial position of VE relevant content varies across task blocks, activa-
tion foci between blocks in the VE condition will vary on the retinotopic
map, neutralizing any supra-threshold activation cluster in contrast to
the neutral condition. Future studies should investigate this hypothesis
and explore, if differences in spatial attention between VE content and
neutral contend can be validated.

Results concerning the PPI analyses particularly demonstrate con-
nectivity between the abovementioned regions and the left anterior cin-
gulate cortex (ACC). The interaction could be found for five of the six
analyzed seed regions, and the peak cluster remained significant after
FWE-correction. Interestingly, the ACC is also one of the major areas
which Krach et al. identified in their study on VE. The authors argued
that the ACC is a core element of the pain matrix, and that its activation
represents social pain under vicarious embarrassing circumstances. Be-
sides the results of Krach et al., the ACC has been shown to be relevant
for empathy and perspective taking. For example, the meta-analysis of
Lamm et al. (2011) detected the ACC to be associated with empathy
for pain. Besides, Klimecki et al. (2013) were able to demonstrate that
the empathic responses of healthy participants to the distress of others
are associated with activation in the medial ACC. The absence of a main
effect of the ACC in our study indicates that emotional processes are not
sufficient to elicit VE. However, the interaction effects of the ACC with
our seed regions in the PPI analyses demonstrate that emotional
processes moderate cognitive TOM activities. Possibly, the interactions
of the mainly ToM related areas in our study with the ACC represent
the onset or the evaluation of an emotional/compassionate reaction,
which is not visible in the main effect due to the peculiarities of the pro-
tagonists which make it more difficult for our participants to feel with
the protagonists. Although the other results of the PPI analyses need
to be handled with care because they did not stand FWE-correction,
there are still some clues that link them to ToM. For example, the cau-
date nucleus and the superior temporal gyrus have both been associated
with ToM activity (e.g., Hervé et al., 2013; Vélm et al., 2006). Most inter-
estingly, we did not find interactions between the brain regions that
were identified in the main analyses. This finding suggests that in our
study several neural processes have contributed to the experience of
VE. In general, results of the PPI analyses should be replicated, because
we used a very liberal threshold due to the exploratory nature of this
approach.

We have to consider that the way we presented our stimuli in the
scanner might be a limitation to our study. We chose to show the
embarrassment and control films outside the scanner and to use stand
stills for presentation in the MRI-scanner. This was done because the
peculiarities of our stimulus material would have made it very difficult
to time lock the VE responses (see Materials and methods section).
Hence, our design includes a “memory factor”, because our participants
had to remember the scenes they saw outside the scanner. This may be

relevant, as one of the major activations we found was located in a
region that has also been associated with memory functions (middle
temporal gyrus). However, the activation appeared in the contrast com-
paring both experimental conditions, which means memory functions
could only explain our results if there had been specific memory activa-
tion in interaction with the experimental factor (i.e. if participants re-
membered the VE video clips better than the control video clips). This
is rather unlikely, as the timeframe between watching the films and
scanning was very small (about 5-10 min), and as films from both cat-
egories were shown in a randomized order, which means we don't have
to expect condition specific memory effects due to different retention
times. A second argument against an interpretation of our results as
“memory only” concerns the choice of the stand stills: We made a
very careful selection to assure that the stand stills represent the plot
and the maximum VE points of the respective video scene. Therefore,
the pictures alone “tell the story” and are able to elicit VE, although ac-
tivation should be significantly lower if one only presents the pictures in
comparison to a picture presentation with a preceding video presenta-
tion. Besides, the correlations between the beta coefficients for each
cluster and the self-report data on VE provide a manipulation check,
because the encountered brain activations are related to participants'
ratings of VE. Finally, we must consider that feelings of VE also require
memory processes: VE is most often elicited by norm violations,
and norms are learned rules about which behaviors are acceptable or
inacceptable. Therefore, a VE response presupposes a check whether
the observed situation includes norm-violating elements or not. Such
a check is only possible through activation of knowledge about norms,
which is a memory function.

Our study warrants further research. First of all it would be interest-
ing to see, whether results can be replicated in other, for example older,
samples or other cultures. Furthermore, a closer look on specific TV
formats or specific topics presented could elucidate, which aspects of a
TV-show trigger VE and whether these aspects interact with individual
characteristics of the respective observer. Besides, the relation of VE
to other possible reactions to reality TV like Schadenfreude etc. should
be investigated in more detail.
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