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Self-other distinction is a crucial aspect of social cognition, as it allows us to
differentiate our own mental and emotional states from those of others. Research
suggests that this ability might be impaired in individuals on the autism spectrum,
but convincing evidence of self-other distinction difficulties in the emotional domain is
lacking. Here we aimed at evaluating emotional self-other distinction abilities in autistic
and non-autistic adults, in two behavioral pilot studies and one fMRI study. By using
a newly developed virtual ball-tossing game that induced simultaneous positive and
negative emotional states in each participant and another person, we were able to
measure emotional egocentric and altercentric biases (namely the tendency to ascribe
self-/other-related emotions to others/ourselves, respectively). Despite no behavioral
differences, individuals on the autism spectrum showed decreased activation (1) in
the right temporoparietal junction (rTPJ) during active overcoming of the emotional
egocentric bias vs. passive game viewing, and (2) in the right supramarginal gyrus
(rSMG) during ego- vs. altercentric biases, compared to neurotypical participants. These
results suggest a different recruitment of these two regions in autistic individuals when
dealing with conflicting emotional states of oneself and another person. Furthermore, they
highlight the importance of considering different control conditions when interpreting the
involvement of rTPJ and rSMG during self-other distinction processes.

Keywords: self-other distinction, Cyberball, emotional egocentricity bias, emotional altercentricity bias, autism
(ASD), fMRI

INTRODUCTION

Social cognition, the capacity to sense, represent and judge our own social behaviors and those of
others, is an ubiquitous aspect of the human mind and crucial for everyday social interactions
[see (1) for a review]. Humans represent and infer other’s mental states—an ability known as
mentalizing or Theory of Mind—using multiple self- related processes, e.g., when putting oneself
in the shoes of another person [(2-4) for reviews]. At the same time, adequate social behavior
demands that we can distinguish between self- and other related representations, a crucial cognitive
skill termed self-other distinction [(5, 6) for reviews; (7, 8)].
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EEB, emotional egocentricity bias; EAB, emotional altercentricity bias.

FIGURE 2 | Visualization of the behavioral results in (A) behavioral pilot study 1 (n = 45), (B) behavioral pilot study 2 (n = 52) and (C) the fMRI study (n = 42). All
studies showed a successful induction of emotional biases (EEB and/or EAB), visible in the rating differences for congruent vs. incongruent emotional states. While the
congruence x target interactions were significant in behavioral pilot study 2 and the fMRI study, behavioral pilot study 1 showed no difference between the
magnitudes of the EEB and EAB. Additionally, behavioral pilot study 2 and the fMRI study validated the passive viewing condition as a control condition for the EEB.

and autistic group was increased in rfSMG compared to rTPJ,
with the NT group showing higher activity (p = 0.017; see
Figure 4B). In other words, while group differences in rTP]
activity seem to underpin evaluating egocentric judgements
during active emotional involvement, group differences in rSMG
relate to other- compared to self-related judgements. In both
cases, participants on the autism spectrum had decreased activity
in these regions compared to NTs.

DISCUSSION

The present study investigated self-other distinction and the
occurrence of ego- and altercentric biases in autistic and non-
autistic individuals.

Replicating and extending previous work on the topic (21),
we were particularly interested in evaluating egocentric
and altercentric biases independently, rather than one
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A  Self active over both groups (incongruent > congruent)

TRBAn

B Other active over both groups (incongruent > congruent)
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C  Other passive over both groups (incongruent > congruent)

PN

FIGURE 3 | Whole brain results of the fMRI study for the three Cyberball conditions (A) self active, (B) other active, and (C) other passive. Contrasts are averaged
over the factors valence and group, calculated as incongruent > congruent conditions and displayed at a cluster probability of p < 0.05 (familywise-error
(FWE)-corrected, cluster-forming threshold of k = 279, initial cluster-defining threshold p < 0.001 uncorrected). The results show activity in brain regions such as
precuneus and superior temporal gyrus for the self active and other active conditions, while these regions are not active in the other passive condition.

R

against the other, as both biases reflect difficulties with self-
other distinction. To do this, we introduced an emotionally
neutral condition, in which participants were asked to judge
another person’s emotions without being involved in the
situation themselves. This condition served to control for task
complexity (i.e, incongruency between different emotional
states) without canceling out the processing of self- vs. other-
related representations. Furthermore, we aimed to extend the
work of Hoffmann et al. (47) to more complex emotions evident
in daily social interactions by eliciting positive and negative
feelings related to social inclusion and exclusion (48, 49). Lastly,
we were interested to directly link behavioral group differences to
differences in neural activation, by means of fMRI investigation.

On the behavioral level, the two behavioral pilot studies as well
as the fMRI study confirmed the validity of our newly adapted
Cyberball version. In all three studies, when individuals were
actively playing the game and had to deal with incongruent
compared to congruent emotional states of self and other, (a)
their judgment of the other person’s emotions was shifted toward
their own emotional state (EEB), and (b) the judgment of their
own emotions was shifted toward the other’s emotional state
(EAB). The strength of these two biases was similar for behavioral
pilot study 1 and the fMRI study, confirming our hypotheses

that these biases are both relevant evidence for difficulties in
self-other distinction. Additionally, both behavioral pilot study
2 and the fMRI study showed that the EEB was only observable
during active emotional involvement in the game and not in the
condition of passively observing the same game between four
other players. In contrast to the two active conditions, passive
observation led to more accurate, i.e., similar, judgments in both
congruent and incongruent situations, possibly due to a lack
of interference with one’s own emotional state. In sum, our
new version of Cyberball was able to produce feelings of social
inclusion/exclusion and generated emotional biases to a similar
extent compared with other paradigms who reported affective
biases in other younger and adult neurotypical samples inducing
social inclusion/exclusion (48) as well as for other emotions like
envy or schadenfreude (50, 51), pleasant or unpleasant visuo-
gustatory (22), visuo-tactile (23, 52-54), audio-visual (55) or face
stimuli (56-58). Our results therefore extend previous findings
on emotional alter- and egocentric biases to the domain of
social emotions. Looking at behavioral group differences, we
could not confirm our initial hypothesis of stronger emotional
altercentric or egocentric biases in the autistic compared to the
NT sample. Both biases were similarly high in the two groups,
and significantly different from the passive condition, which
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FIGURE 4 | ROl results of the fMRI study for the group comparison of autistic vs. NT. Visualization of the four-way interaction group x congruence x target x roi,
(A) the comparison of emotional involvement during egocentric judgements (other active vs. other passive), (B) the comparison of ego- (other active + other passive)
vs. altercentric judgement conditions (self active); Displayed brain activity is averaged over the factors valence and calculated as incongruent—congruent; EEB,
emotional egocentricity bias; EAB, emotional altercentricity bias; SEM, standard error of the mean; rTPJ, right temporoparietal junction; rSMG, right supramarginal
gyrus.

is in line with the previous study indicating intact self-other Generally, the brain results also showed that our intended
distinction in autism (47). manipulation of congruency regarding self- and other-related
On the neural level, the ROI analyses in rTP] and rSMG  emotional states was successful. When actively playing the game
revealed differences depending on the region, target, and group.  and either judging their own or the other’s incongruent emotional
In particular, we observed increased brain activity in rTPJ but  state, participants activated regions previously related to self-
not rSMG in neurotypical compared to autistic individuals when  other distinction (59, 60), self/other attribution (61), conflict
actively dealing with the EEB (compared to passively watching  monitoring (62), mental imagery to represent the perspective of
the ballgame). This indicates that individuals on the autism  another person (63) and theory of mind (especially false-belief
spectrum recruit rTPJ to a lesser extent than NT individuals  reasoning) as well as visual perspective taking [see (64-66) for
when suppressing their own emotions to accurately judge the = meta-analyses]. Mentalizing abilities seem to be required more
emotional state of another person, while this is not the case for  strongly in situations where two emotional states are incongruent
rSMG. We further observed increased brain activity in tSMG but ~ compared to congruent (23). This was not the case in the passive
not rTPJ in neurotypical compared to autistic individuals when  viewing condition, where participants merely observed other
dealing with ego- compared to altercentric judgements. Here, a  individuals playing the Cyberball game. The active conditions
specific difference emerged when judging others compared to  thus recruited more cognitive self-other distinction processes
judging our own emotional states. Our results nicely complement ~ than the passive condition, where participants had no own
and extend the findings reported in Hoffmann et al. (47), who  emotional state to keep track of.
observed reduced connectivity of regions of the Theory of Mind In contrast to previous research, we did not specifically find
network (rTP]) but an intact rSMG network connectivity during  increased brain activity in rfSMG during incongruent compared
rest in autistic individuals. In line with the findings in that  to congruentjudgementsin our whole brain analyses. However, it
study, we show differential involvement of rTPJ and rSMG when  should be noted that the crucial role of the rSMG in overcoming
dealing with conflicting emotional states in the same participant ~ the EEB was found in a visuo-tactile paradigm (23) and a task
sample. This crucially underlines the necessity for a distinction =~ using monetary rewards and punishment (50). Social emotions
between rSMG and rTP], and between ego- vs. altercentric biases,  like in- or exclusion, on the other hand, belong to a different
when investigating self-other distinction abilities in autism. They =~ domain that could be processed in a different, possibly more
also crucially highlight that the type of control condition canlead  cognitive way. Especially our task could have required more
to differential results. Future studies should focus on carefully = mentalizing abilities, as participants had to infer the emotional
teasing apart the separate roles of these two regions, for example,  state of the other person who was displayed as an avatar, which
by employing more causal methods such as repetitive transcranial ~ might have recruited rTPJ] more than rSMG.
magnetic stimulation as in Silani et al. (23) and further investigate In general, the observed neurophysiological group differences,
the best way to control for emotional ego- and altercentricity. despite similar behavior, demand further explanation. First of
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all, autism spectrum disorder is a very heterogeneous condition
which may lead to a wide and diverse spectrum of social cognition
abilities, ranging from neurotypical to different processing.
As our sample was rather small, this diversity might have
contributed to our findings. This crucially highlights the need
for more implicit brain measures complementing subjective
behavior, especially when investigating complex psychological
phenomena such as social cognition (67, 68). In our case,
different neural and computational processes in the brain might
have led to similar behavior in both groups. Furthermore, as
we mainly tested young and middle-aged adults, learning and
adaptation processes could have contributed to intact self-other
distinction abilities (69, 70). In this regard, it might be interesting
to repeat our task in a younger population who had fewer
opportunities to learn and adapt, to test directly whether this
was the case. Lastly, the brain data represents activity during the
relatively long blocks of playing Cyberball, while the behavioral
ratings were collected at the end of each block. In other words,
while the brain data might have been able to capture subtle
differences in neural processing, the ratings might reflect an
already corrected emotional perception. Future studies could
clarify this issue by combining our here used task with behavioral
measures of higher temporal resolution, such as a continuous
rating of the emotional state over the whole playing time,
or established physiological indicators of affect, such as pupil
dilation or skin conductance response.

We would also like to briefly discuss and address the major
strengths and limitations of the present study. Firstly, it has
to be acknowledged that the two groups were closely matched
regarding handedness, gender, age, general intelligence, and
differed significantly in their autistic traits, but also differed
in their level of reported depressive traits. This stands next to
the fact that six of 21 autistic but no neurotypical participants
indicated taking medication to treat e.g., depression and anxiety.
As we did not explicitly assess comorbidities in our participants,
we cannot fully disentangle possible interactions with medication
intake or comorbidities. Future studies should therefore carefully
assess the participants’ medication history as well as other
existing clinical diagnoses. Importantly, the higher levels of
depression in the autistic group were very close to the cutoff
for no to minimal depressive symptoms (35). Furthermore, the
autistic group reported increased alexithymic traits compared
to the NT group. This is not surprising, as higher alexithymic
symptoms in individuals on the autism spectrum have been
reported in multiple studies and alexithymia often co-occurs with
autism (10, 71-73). However, including alexithymia as a covariate
in our analyses did not change any of our here reported results.
Furthermore, we found no associations in exploratory post-hoc
analyses between the two emotional biases on the behavioral and
brain level with trait depression or alexithymia, where we had
observed group differences in the questionnaires (all p’s > 0.164).

Nevertheless, as Bird et al. (71) reported that the strength of
left anterior insula activation in response to others suffering was
predictive of the degree of alexithymia in both autistic and NT
groups but did not in fact vary as a function of group, future
studies should better tease apart the proneness to emotional ego-
and altercentric biases by specifically recruiting both NT and
autistic individuals with high and low levels of alexithymia.

Secondly, the study used an adapted version of Cyberball with
videos depicting real-life figures instead of cartoon animations.
This was done to increase ecological validity and develop
a task suitable for use in the autistic population that did
not contain distractions such as background information, as
the videos were edited to show white silhouettes on black
background. The game also avoided solving the task by using
emotional facial expressions, as all avatars kept a neutral
expression in the videos. Furthermore, four confederates were
introduced to the participant at the beginning of the session to
create a realistic social situation and immerse the participants
in the live gameplay. However, due to the length of the
game and somewhat predictable nature of the conditions (i.e.,
the varying valence and congruence to measure EAB and
EEB), it could well be that participants emotionally detached
or disengaged from the game at some point and weren’t
able to empathize as strongly. However, the results of an
increased behavioral EAB and EEB in the active but not the
passive conditions in all our three studies, combined with the
recruitment of mentalizing brain regions during the task in
our fMRI study, showed that participants were still influenced
by their own and the other person’s emotions when they
were actively engaged in the game. And as described by
Zadro et al. (40), even ostracism by a computer compared to
ostracism by real individuals is able to produce similar levels
of social exclusion. Nevertheless, future studies using these
types of social interaction setups should consider even stronger
“interactive” playing modes that introduce greater variability and
constantly remind the participant of the other players, e.g., via
live videos.

Lastly, we did not include a passive condition for the
altercentric bias, which could have made results regarding the
EAB more informative. Future studies should therefore pay close
attention to how the biases are being measured and include
appropriate controls for all of them.

In conclusion, the present findings replicate previous
behavioral and neurophysiological results on the ego- and
altercentric biases in the emotional domain, but expand them to
the field of social emotions. Our results suggest no behavioral
differences in the processing of simultaneous emotional states
and thus intact self-other distinction in individuals on the autism
spectrum, but specific neurophysiological differences between
autistic and non-autistic individuals rooted in rSMG and rTPJ
when dealing with ego- and altercentric biases. This study has
crucial implications for further research of social cognition
abilities in autism. Investigating socio-emotional competences
on a more basic level using valid paradigms and controls will
ultimately pave the way to better understand individuals on the
autism spectrum and could set a foundation for interventions
promoting successful and long-lasting social interactions
and relationships.
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