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Distinguishing self- from other-related representations plays an important role in social interactions. The neu-
ropeptide oxytocin has been shown to modulate social behavior as well as underlying social cognitions and
emotions. However, how exactly oxytocin modulates representations of self and other is still unclear. The present
study therefore aimed to assess effects of oxytocin on self-other distinction on two different processing levels
(i.e., lower-level imitation-inhibition and higher-level perspective taking) in a male sample (n = 56) by per-
forming a double-blind, placebo-controlled oxytocin administration study. Oxytocin improved visual perspec-

tive-taking and thus affected self-other distinction on the cognitive level, but had no effects on self-other dis-
tinction on the perceptual-motor level nor on a control task measuring attention reorientation. Thus, our findings
suggest that oxytocin reduces ambiguity during perspective-taking in social interactions, which in turn may
encourage social approach motivation and affiliative behavior.

1. Introduction

It has been shown that the neuropeptide oxytocin can improve so-
cial interactions in healthy as well as psychiatric populations (Domes
et al., 2007; Meyer-Lindenberg et al., 2011). The exact mechanisms by
which oxytocin is able to facilitate social interactions have not been
identified so far. As oxytocin has been shown to improve a variety of
distinct social processes — e.g., mind-reading (Domes et al., 2007), trust
(Baumgartner et al., 2008; Kosfeld et al., 2005) and emotional empathy
(Hurlemann et al., 2010) - it has been proposed that oxytocin might
exert its effects by a more general mechanism, which might be to in-
crease the salience of social signals (Bartz et al., 2011) and (Olff et al.,
2013; Shamay-Tsoory and Abu-Akel, 2016). However, this notion has
limited empirical evidence so far. As many social cognitive processes
require a successful interplay of sharing and differentiating between
self- and other related cognitions and emotions (Epley et al., 2004;
Lamm et al., 2016; Singer and Klimecki, 2014), a possible mechanism
(potentially occurring in interaction with increased social salience)
might be that oxytocin improves social cognition via improvements of
self-other distinction. Self-other distinction describes the ability to
distinguish between the representations of our own actions, percep-
tions, sensations and emotions, and those of others. In the perception-
action domain, self-other distinction is required to enable flexibly

regulated mimicry (Rauchbauer et al., 2015; Rauchbauer et al., 2016;
Wang and Hamilton, 2012) which is known to have widespread effects
on social interactions (Chartrand and Lakin, 2013). Self-other distinc-
tion is also fundamental in high-level cognitive processes such as per-
spective taking, as perceiving the world in another's stead requires
disentangling one's own views and intentions from those of the other
(Epley et al., 2004). Specifically, it has been proposed that people adopt
a perspective of someone else, by starting at their own perspective and
then serially accounting for the perspective of the other person (Epley
et al.,, 2004). Furthermore, experimental evidence indicates that self-
other distinction on the perceptual-motor level and the cognitive level
might rely on similar processes and functions, as it was found that
training the inhibition to imitate the actions of others enhances per-
formance in the ability to adopt a (differing) perspective of others
(Santiesteban et al., 2012b). Moreover, it has been shown that self-
other distinction during imitation-inhibition as well as perspective-
taking relies on neural processes conjointly localized to the right tem-
poro-parietal junction (see e.g., Lamm et al., 2016 for recent review),
indicating that both may rely on similar underlying mechanisms.
These findings directly motivated the second research goal of the
present study, which was to test whether oxytocin affects self-other
distinction on a perceptual-motor level (e.g., during imitation-inhibi-
tion) and a cognitive level (e.g., during perspective taking) in similar
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ways. Prior research has shown that oxytocin can sharpen visual self-
other distinction (Colonnello et al., 2013) and increase empathy for
pain when adopting an other-oriented perspective (Abu-Akel et al.,
2015). In addition, in a previous study we found that under stress,
women showed improved self-other distinction while men showed
impaired self-other distinction. A putative candidate to explain such the
gender differences on a physiological level is the oxytocin system
(Heinrichs et al., 2009; Meyer-Lindenberg et al., 2011), because there is
some evidence that women might show higher oxytocin release under
stress than men (Carter, 2007; Jezova et al., 1996; Sanders et al., 1990).
Thus, if oxytocin indeed improves self-other distinction and women and
men differ in their availability of oxytocin under stress, the oxytocin
system might be a putative candidate to explain such gender differences
in stress research on a physiological level (see also Tomova et al., 2014
for a similar reasoning). However, recent research has also found op-
posite effects of oxytocin by showing increased self-other merging (i.e.,
increased sharing of self- and other related representations) in an au-
tomatic imitation-inhibition task (De Coster et al., 2014), and increases
in self-other integration during joint task performance (i.e., Social
Simon task, (Ruissen and de Bruijn, 2015)). Thus, it is still unclear
whether oxytocin affects representations of self and other by increasing
self-other merging or rather by improving self-other distinction. Fur-
thermore, it is also unclear via which route oxytocin might affect self-
other distinction/merging — i.e. by acting on lower-level perceptual
processes or on more deliberate higher-level cognitive processes, or
both. In addition, because self-other distinction has been shown to re-
present an effortful cognitive process, there might be the third possi-
bility that oxytocin improves self-other distinction via enhancement of
general cognitive processes. Therefore, using double-blind, placebo-
controlled oxytocin administration, the present study specifically as-
sessed the effects of oxytocin on self-other distinction during lower-
level imitation-inhibition and during higher-level perspective-taking. In
addition, we tested the effects of oxytocin on a non-social selective
attention task which requires participants to inhibit an automatic first
response in favor of the correct response to assess unspecific effects of
oxytocin on non-social cognitive processing. Due to previous findings
that self-other distinction on the perceptual-motor level and the cog-
nitive level might rely on similar processes, we hypothesized that
oxytocin would improve self-other distinction on both lower-level
perceptual as well as higher-level cognitive processes.

2. Methods
2.1. Participants

Fifty-six healthy male participants between 18 and 40 years were
included in the study. All participants, except for two (one in oxytocin
group and one in placebo group) were currently enrolled as students at
the University of Freiburg. Socio-cognitive abilities were determined
using an online questionnaire using the Reading the eyes in the mind
test (RMET; Baron-Cohen et al., 2001) and the perspective taking scale
of the Interpersonal Reactivity Index (IRI; Davis, 1983, see Appendix
6.2.2 for descriptive statistics on each scale of the online questionnaire).
The study was approved by the institutional review board of the Uni-
versity of Freiburg, and performed in agreement with the latest revision
of the Declaration of Helsinki (2013) regarding the treatment of human
research participants. Written informed consent was obtained, and all
participants received 50 € for participation. We excluded four partici-
pants due to incorrect task understanding in either the perspective-
taking or imitation-inhibition task, resulting in very high error rates
(> 70% of trials wrong). Additionally, we excluded four participants
who were strong outliers in the data (> 3 SDs from the mean in either
of the tasks). The final sample consisted of 48 participants (24 oxytocin
and 24 placebo).
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2.2. Self-other distinction paradigms

2.2.1. Imitation-inhibition task

This paradigm requires participants to lift their index or middle
finger in response to a visual cue, while they are simultaneously
viewing congruent or incongruent finger movements of a hand of an-
other person shown on the screen (Brass et al., 2009). Importantly, this
paradigm does not measure imitation in a classical sense, but instead it
represents a measure of the ability to inhibit automatic imitation ten-
dencies and therefore self-other distinction on an automatic-perceptual
level. Perceiving these movements activates automatic imitation ten-
dencies, and in the case of incongruent movements, these imitation
tendencies interfere with the instructed movement execution and
therefore need to be inhibited. As established by previous investigations
(Brass et al., 2009), self-other distinction was assessed by means of the
interference effect, which was computed by subtraction of response
times and error rates, respectively, of congruent from incongruent
trials. Higher interference indicated reduced self-other distinction.

2.2.2. Perspective-taking task

Self-other distinction in the cognitive domain was investigated
using a perspective-taking paradigm (Keysar et al., 2000; Santiesteban
et al., 2012a). Participants were asked to move objects on a shelf ac-
cording to the instructions of a “director”. On congruent trials, parti-
cipants and the “director” saw the same objects on the shelf. On in-
congruent trials, the view of the participant and the director differed.
Thus the task required participants to disentangle their own visual
perspective from the one of the director. We computed differences in
response times and error rates between congruent and incongruent
trials. Higher differences indicated reduced self-other distinction. Im-
portantly, this measure does not represent a perspective-taking, or
theory of mind task in a classical sense, but rather investigates the
ability to overcome egocentric biases during perspective taking and
therefore self-other distinction on a cognitive level.

2.2.3. Attention-reorientation task

Participants completed an attention-reorientation task (Posner
et al., 1984) during which they had to indicate the location of a visual
target stimulus that appeared in either a cued or miscued location. The
task was chosen as it requires participants to inhibit an automatic first
response in favor of the correct response. This cognitive process as well
as the neural bases involved in this task are closely related to me-
chanisms involved in self-other distinction (Decety and Lamm, 2007;
Mitchell, 2008). However, it is a purely non-social task and therefore a
well-suited control condition to specify whether effects might be ex-
plained by other, non-social processes.

More detailed information on the paradigms (i.e., number of con-
ditions and trials, durations of stimuli presentation and examples of
stimuli) is reported in the Appendix (6.1 Detailed description of para-
digms).

2.3. Procedure

All experimental sessions took place between 1 and 5 pm in order to
keep timing constant across participants and groups. To control for
possible non-specific mood differences in baseline and following sub-
stance administration, the participants completed the Multidimensional
Mood Questionnaire (MDBF; Steyer et al., 1994) before substance ad-
ministration (T1), 45min after administration (T2) and after the ex-
perimental tasks (T3). Forty-five minutes before the experiment, each
participant received a single dose of either oxytocin (24 L.U. in 6 puffs
of Syntocinon-Spray, Novartis, Basel, Switzerland) or placebo (con-
taining all ingredients except for the neuropeptide; (see Heinrichs et al.,
2003) intranasally. Participants were randomly assigned to the oxy-
tocin or placebo group. The order of the experimental paradigms was
fixed across participants as we expected carry-over effects from the
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individual tasks. Task order was as follows: (1) imitation-inhibition
task, (2) perspective-taking task, (3) attention-reorientation task. We
chose this order based on the rationale that the two experimental
paradigms (i.e., imitation-inhibition task and perspective-taking task)
should precede the control tasks (i.e., attention-reorientation task). We
chose to implement the imitation-inhibition task before the perspective-
taking task based on the rationale that a lower level task (i.e., imitation-
inhibition task) might interfere less with a higher level task (i.e., per-
spective-taking task) than vice versa, due to the stronger engagement of
meta-cognitive processes in the latter. After the experiment, partici-
pants were debriefed and received their payment of 50 €.

2.4. Measures

In order to assure that the oxytocin and placebo groups did not
differ in variables such as age and socio-cognitive abilities, we calcu-
lated two-sample t-tests for IRI perspective taking scale and RMET.
Changes in mood were assessed for each subscale of the MBDF (i.e.,
subscale GS indicating valence of mood, WM indicating alterness and
RU indicating calmness; (Steyer et al., 1994)) using a mixed model
ANOVA with the within subject factors time (T1, T2 and T3) and scale
(GS, WM and RU) and the between subject factor substance (oxytocin,
placebo). Behavioral data of the self-other distinction paradigms were
preprocessed by calculating the bias between congruent and incon-
gruent trials (i.e., difference scores of incongruent minus congruent
trials) for response times (RT) and error rates separately. This enabled
us to compare values across tasks in one statistical model. The effect of
oxytocin on self-other distinction was then assessed by calculating a
repeated measures ANOVA with the within subject factor task (imita-
tion-inhibition, perspective taking, attentional reorientation) and the
between subject factor substance (oxytocin, placebo). We calculated two
separate ANOVAs, one using the biases in response times as the de-
pendent variables and one using the biases in error rates. Greenhouse-
Geisser corrections were used when the homogeneity of covariances
assumption was violated (as determined by Mauchly tests of sphericity).
Correlations between tasks were calculated using Pearson correlations.
All data were analyzed using SPSS v. 20 and the significance threshold
was set to p < 0.05. Effect sizes are reported as npz.

3. Results

Oxytocin and placebo group did not differ in self-reported socio-
cognitive abilities, nor in their scores in the mood questionnaire during
the experimental session (all p-values =0.072). The repeated measures
ANOVA for bias in response times showed a main effect of task (F
(1.01,46.36) = 24.133, p < 0.001, np2 = 0.34), but no significant ef-
fect of substance nor any interaction between task and substance (p-
values =0.204). The repeated measures ANOVA for error rates showed
a main effect of task (F(2,92) = 12.670, p < 0.001, npz =0.22) and a
significant substance x task interaction (F(2,92) = 3.287, p = 0.042,
nP2 = 0.07). The main effect of substance was not significant (F
(1,46) = 1.522, p = 0.224, npz = 0.03). Fig. 1 shows the mean bias in
error rates for each paradigm. Bonferroni corrected post-hoc tests re-
vealed that in the perspective taking task, the oxytocin group showed
lower error rates than the placebo group (p = 0.017; mean differ-
ence + standard deviation: 0.055 * 0.017, n,” =0.12) indicating
better self-other distinction performance in the perspective-taking task
in the oxytocin group. There was no significant group difference for the
other two paradigms (i.e., imitation-inhibition and attentional reor-
ientation; p-values =0.727). In order to verify that the measures
showed main effects of congruency and to more specifically determine
the effects of substance, we additionally ran another repeated measures
ANOVA for error rates including the factors task, congruency and sub-
stance. Here, we found a main effect of task (F(1.56,71.94) = 4.318,
p = 0.025, np2 =0.09) and a main effect of congruency (F
(1,46) = 40.855, p < 0.001, npz = 0.47). In addition, we found a
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Fig. 1. Mean bias for error rates (i.e., differences between congruent and incongruent
trials) for the three paradigms: imitation-inhibition task, perspective-taking task and at-
tention-reorientation task. Error bars indicate standard error of the mean.

three-way interaction of task x congruency x substance (F
(2,92) = 3.287, p = 0.042, npz = 0.07). We did not find any significant
correlations between measures of the imitation-inhibition and the
perspective-taking task (all p-values =0.137). Both tasks also did not
correlate with the attention-reorientation task (all p-values =0.568).
The descriptive statistics for each measure are provided in the Appendix
(Descriptive statistics 6.2).

4. Discussion

The present study assessed the effects of oxytocin on the ability to
distinguish self- from other-related representations, across two different
processing levels. Furthermore, we included a non-social attention-re-
orientation task in order to test for potentially unspecific effects of
oxytocin on non-social cognitive processing. We found that oxytocin
improved self-other distinction on the cognitive level but did not affect
self-other distinction on the perceptual-motor level. The effects on the
perspective taking task could not be explained by differences in atten-
tion-reorientation, as this was not affected by oxytocin.

More specifically, participants in the oxytocin group showed a lower
bias in error rates (i.e., difference in error rates between a condition in
which they had to adjust for a mismatch between their own and the
“director's” perspective versus a condition where no adjustment was
necessary) compared to the placebo group. Our findings of improved
self-other distinction during visual perspective-taking are in line with
prior research showing oxytocin induced improvements in mind-
reading (Domes et al., 2007; although see also Radke and de Bruijn,
2015), improvements in visual self-other differentiation (Colonnello
et al., 2013) and decreased self-centeredness in trait judgments (Zhao
et al., 2016). The present study merges this line of research by showing
that a single dose of intranasally administered oxytocin causes an in-
crease in the ability to differentiate the visual perspective of oneself
from that of another person. Prior studies on oxytocin effects in humans
and animals suggest that oxytocin increases approach behavior, im-
proves trust and has stress-protective effects (e.g., Heinrichs et al.,
2009). Our findings suggest that by reducing the interference of the self
when taking the perspective of others, oxytocin might reduce ambiguity
or miscommunication in social interactions, which in turn may en-
courage social approach, affiliation, and trusting behavior.
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Notably, we did not find any effects of oxytocin on self-other dis-
tinction on the perceptual-motor level. Although prior research has
shown oxytocin induced increases in self-other integration during a
joint task performance (Ruissen and de Bruijn, 2015) and self-other
merging in the imitation-inhibition task (De Coster et al., 2014), the
present experiment could not replicate these findings. Thus, more re-
search is needed to further specify the effects of oxytocin on lower level
automatic social processes. In addition, our research only partially
supports the hypothesis that gender differences in self-other distinction
under stress (Tomova et al., 2014) might be routed in different avail-
ability of oxytocin under stress (Carter, 2007; Jezova et al., 1996;
Sanders et al., 1990), because oxytocin was only found to improve self-
other distinction during perspective taking.

Crucially, we can rule out oxytocin-induced improvements in at-
tention-reorientation as a mechanism driving our results, as we did not
find any effects of oxytocin on measures of attention-reorientation ca-
pacity. In addition, as oxytocin and placebo groups did not differ in trait
perspective-taking abilities and we did not find any association between
trait perspective-taking abilities and performance in paradigms, we can
rule out that oxytocin induced modulations in self-other distinction are
related to a priori perspective taking-abilities. In addition, self-report
measures of mood did not differ between placebo and oxytocin group.
We, however, did find that overall participants reported a decrease in
alertness over the time course of the experiment.

Importantly, when interpreting our results, it should be kept in mind
that we did not measure perspective taking in a more classical sense
(i.e., adopting the perspective of another person on a topic or opinion)
or theory of mind (i.e. understanding the beliefs of others). Instead, our
task represents a very targeted paradigm to measure the ability to
overcome egocentric biases during visual perspective taking and re-
presents a measure of self-other distinction in the cognitive domain
(Santiesteban et al., 2012a; Santiesteban et al., 2012b). Furthermore, it
should be noted that improvements in self-other distinction during
perspective taking might either come from enhancements of the re-
presentation of the other, or from increased suppression of the ego-
centric representation (Bartz, 2016; Bartz et al., 2015; Epley et al.,
2004; Lamm et al., 2016, for review). However, the present study was
not designed to disambiguate which of the two processes was affected
by oxytocin when increasing self-other distinction during perspective
taking. Future studies should test in more detail whether oxytocin fa-
cilitates the suppression of an egocentric view, or rather enhances the
representation of another person's view.

Some possible limitations should be kept in mind when interpreting
the results. First, as oxytocin has been shown to affect particularly
challenging items (Domes et al., 2007), we cannot rule out a possible
interaction between the difficulty of tasks and oxytocin effects. Indeed,
Fig. A5 in the Supplemental material shows that while error rates on
incongruent trials for imitation-inhibition and perspective-taking tasks
are similar, error rates for attention-reorientation are much lower,
hence indicating that this task might have been easier than the other
two. However, the fact that we do see a differentiation in oxytocin ef-
fects between imitation-inhibition and perspective-taking, although
they appear to have similar difficulty, speaks for the fact that our effects
are not driven by difficulty alone. Additionally, the present study only
included young (i.e., 18-40 years) male participants and therefore we
cannot draw conclusions on effects of oxytocin on self-other distinction
in women and individuals outside of this age range. Future studies
should therefore assess whether oxytocin affects self-other distinction in
women and participants of different age groups in distinct ways. Ad-
ditionally, we were not able to replicate prior findings of increased self-
other merging in the automatic-motor domain (De Coster et al., 2014)
using the same paradigm as we did. However, the differences in results
might be attributed to several methodological differences between the
two studies. Most importantly, in our study the duration of each
paradigm (including the imitation-inhibition task) was kept to ap-
proximately 5min, while De Coster et al.'s task duration was 30 min.
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We did this in order to ensure that assessments of self-other distinction
were conducted during a time window in which oxytocin effects were
still peaking and not already declining (Born et al., 2002). Although
prior research from our group has shown that the interference effect in
the imitation-inhibition task is not attenuated when using a shortened
version (e.g., Tomova et al., 2014), it might be that performing the task
for different durations affects oxytocin effects on performance. Several
other differences in methodological procedures may have contributed
to a failure to replicate De Coster et al.'s finding: 1) After administration
of oxytocin, De Coster et al. gave participants questionnaires on affect
and empathy in addition to the instructions for the subsequent para-
digms. We, on the other hand, gave the instructions to participants
before administration and our questionnaire data was collected via an
online questionnaire prior to the experiment. Thus, our participants did
not encounter any stimuli related to social cognition/affect after oxy-
tocin administration while the participants in De Coster's study were
given such stimuli. Oxytocin effects might be sensitive to contextual
effects of a social situation and therefore it could be that presenting
participants with social stimuli after oxytocin administration somehow
affected effects of oxytocin in De Coster's study. 2) De Coster et al.
counterbalanced the order of their tasks, while in our experiment par-
ticipants always started with the imitation-inhibition task after a
ramping period of 45 min after oxytocin administration (which was the
same in both studies). 3) It should be also noted that De Coster et al.
found oxytocin effects on response time measures while we only found
oxytocin effects on error rates. It might very well be that subtle dif-
ferences in experimental procedures affect results in oxytocin studies,
which, in addition to the differences in task duration, might have
contributed to the different results between De Coster et al. and our
study. Ultimately, we think a replication study which very carefully
takes such differences in experimental design into account, is necessary
in order to gain further understanding of the effects of oxytocin on self-
other distinction in the perceptual-motor domain.

One additional limitation of this study is the fixed order of the self-
other distinction paradigms, which was chosen based on the rationale
that lower-level tasks should interfere less with higher-level tasks. This
approach, however, precluded to control for carry-over or order effects.
Future replication studies should therefore consider randomized task
ordering. In addition, while our sample size is comparable to those of
other oxytocin administration studies addressing similar research
questions (e.g., Colonnello et al., 2013; De Coster et al., 2014; Abu-Akel
et al., 2015; Ruissen and de Bruijn, 2015), replication studies should
employ larger sample sizes in order to verify the reliability of our re-
sults. Furthermore, the visual complexity between the three tasks was
different and might have contributed to the reported effects. Thus, fu-
ture studies should try to modify the different paradigms in order to be
more comparable with each other. This might rule out possible inter-
actions between oxytocin and such low-level features of the tasks.

In sum, our study provides a further step in the specification of
oxytocin effects on social cognition by showing that self-other distinc-
tion during visual perspective-taking is improved by a single dose of
oxytocin compared to placebo. This extends and merges prior research
on the effects of oxytocin on self-other distinction and mind reading
(Colonnello et al., 2013; Domes et al., 2007) and proposes a possible
underlying mechanism by which oxytocin might increase social ap-
proach motivation - i.e., reduced ambiguity and miscommunications
with others might increase motivation to engage in social interactions.
We, however, did not find oxytocin effects on self-other distinction
during lower level automatic motor-mimicry. Thus, our results suggest
that oxytocin specifically affects self-other distinction processes during
non-automatic, deliberate social processing. Future research is needed
to understand oxytocin's role in more basic, lower-level social proces-
sing.



L. Tomova et al.

Acknowledgements

This research was supported by a research grant from the Federal
Ministry of Science, Research and Economics Austria (BMWFW,
Marietta-Blau grant) to Livia Tomova. We thank Mareike Makosch and
Anna Gronewold for their support.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijpsycho.2018.03.008.

References

Abu-Akel, A., Palgi, S., Klein, E., Decety, J., Shamay-Tsoory, S., 2015. Oxytocin increases
empathy to pain when adopting the other- but not the self-perspective. Soc. Neurosci.
10 (1), 7-15.

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., Plumb, 1., 2001. The “Reading the
Mind in the Eyes” Test revised version: a study with normal adults, and adults with
Asperger syndrome or high-functioning autism. J. Child Psychol. Psychiatry 42 (2),
241-251.

Bartz, J.A., 2016. Oxytocin and the pharmacological dissection of affiliation. Curr. Dir.
Psychol. Sci. 25 (2), 104-110.

Bartz, J.A., Zaki, J., Bolger, N., Ochsner, K.N., 2011. Social effects of oxytocin in humans:
context and person matter. Trends Cogn. Sci. 15 (7), 301-309.

Bartz, J.A., Lydon, J.E., Kolevzon, A., Zaki, J., Hollander, E., Ludwig, N., et al., 2015.
Differential effects of oxytocin on agency and communion for anxiously and avoi-
dantly attached individuals. Psychol. Sci. 26 (8), 1177-1186.

Baumgartner, T., Heinrichs, M., Vonlanthen, A., Fischbacher, U., Fehr, E., 2008. Oxytocin
shapes the neural circuitry of trust and trust adaptation in humans. Neuron 58 (4),
639-650.

Born, J., Lange, T., Kern, W., McGregor, G.P., Bickel, U., Fehm, H.L., 2002. Sniffing
neuropeptides: a transnasal approach to the human brain. Nat. Neurosci. 5 (6),
514-516.

Brass, M., Ruby, P., Spengler, S., 2009. Inhibition of imitative behaviour and social
cognition. Philos. Trans. R. Soc. B Biol. Sci. 364 (1528), 2359-2367.

Carter, C.S., 2007. Sex differences in oxytocin and vasopressin: implications for autism
spectrum disorders? Behav. Brain Res. 176 (1), 170-186.

Chartrand, T.L., Lakin, J.L., 2013. The antecedents and consequences of human beha-
vioral mimicry. Annu. Rev. Psychol. 64, 285-308.

Colonnello, V., Chen, F.S., Panksepp, J., Heinrichs, M., 2013. Oxytocin sharpens self-other
perceptual boundary. Psychoneuroendocrinology 38 (12), 2996-3002.

Davis, M.H., 1983. Measuring individual differences in empathy: evidence for a multi-
dimensional approach. J. Pers. Soc. Psychol. 44 (1), 113-126.

De Coster, L., Mueller, S.C., T'Sjoen, G., De Saedeleer, L., Brass, M., 2014. The influence of
Oxytocin on automatic motor simulation. Psychoneuroendocrinology 50, 220-226.

Decety, J., Lamm, C., 2007. The role of the right temporoparietal junction in social in-
teraction: how low-level computational processes contribute to meta-cognition.
Neuroscientist 13 (6), 580-593.

Domes, G., Heinrichs, M., Michel, A., Berger, C., Herpertz, S.C., 2007. Oxytocin improves
“mind-reading” in humans. Biol. Psychiatry 61 (6), 731-733.

Epley, N., Keysar, B., Van Boven, L., Gilovich, T., 2004. Perspective taking as egocentric
anchoring and adjustment. J. Pers. Soc. Psychol. 87 (3), 327-339.

Heinrichs, M., Baumgartner, T., Kirschbaum, C., Ehlert, U., 2003. Social support and
oxytocin interact to suppress cortisol and subjective responses to psychosocial stress.

International Journal of Psychophysiology xxx (xxxx) Xxx—-XxX

Biol. Psychiatry 54 (12), 1389-1398.

Heinrichs, M., von Dawans, B., Domes, G., 2009. Oxytocin, vasopressin, and human social
behavior. Front. Neuroendocrinol. 30 (4), 548-557.

Hurlemann, R., Patin, A., Onur, O.A., Cohen, M.X., Baumgartner, T., Metzler, S., et al.,
2010. Oxytocin enhances amygdala-dependent, socially reinforced learning and
emotional empathy in humans. J. Neurosci. 30 (14), 4999-5007.

Jezova, D., Jurankova, E., Mosnarova, A., Kriska, M., Skultetyova, 1., 1996.
Neuroendocrine response during stress with relation to gender differences. Acta
Neurobiol. Exp. 56 (3), 779-785.

Keysar, B., Barr, D.J., Balin, J.A., Brauner, J.S., 2000. Taking perspective in conversation:
the role of mutual knowledge in comprehension. Psychol. Sci. 11 (1), 32-38.

Kosfeld, M., Heinrichs, M., Zak, P.J., Fischbacher, U., Fehr, E., 2005. Oxytocin increases
trust in humans. Nature 435 (7042), 673-676.

Lamm, C., Bukowski, H., Silani, G., 2016. From shared to distinct self-other representa-
tions in empathy: evidence from neurotypical function and socio-cognitive disorders.
Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 371 (1686).

Meyer-Lindenberg, A., Domes, G., Kirsch, P., Heinrichs, M., 2011. Oxytocin and vaso-
pressin in the human brain: social neuropeptides for translational medicine. Nat. Rev.
Neurosci. 12 (9), 524-538.

Mitchell, J.P., 2008. Activity in right temporo-parietal junction is not selective for theory-
of-mind. Cereb. Cortex 18 (2), 262-271.

OIff, M., Frijling, J.L., Kubzansky, L.D., Bradley, B., Ellenbogen, M.A., Cardoso, C., et al.,
2013. The role of oxytocin in social bonding, stress regulation and mental health: an
update on the moderating effects of context and interindividual differences.
Psychoneuroendocrinology 38 (9), 1883-1894.

Posner, M.1., Walker, J.A., Friedrich, F.J., Rafal, R.D., 1984. Effects of parietal injury on
covert orienting of attention. J. Neurosci. 4 (7), 1863-1874.

Radke, S., de Bruijn, E.R., 2015. Does oxytocin affect mind-reading? A replication study.
Psychoneuroendocrinology 60, 75-81.

Rauchbauer, B., Majdandzic, J., Hummer, A., Windischberger, C., Lamm, C., 2015.
Distinct neural processes are engaged in the modulation of mimicry by social group-
membership and emotional expressions. Cortex 70 (Special Issue), 49-67.

Rauchbauer, B., Majdandzic, J., Stieger, S., Lamm, C., 2016. The modulation of mimicry
by ethnic group-membership and emotional expressions. PLoS One 11 (8).

Ruissen, M.L, de Bruijn, E.R., 2015. Is it me or is it you? Behavioral and electro-
physiological effects of oxytocin administration on self-other integration during joint
task performance. Cortex 70, 146-154.

Sanders, G., Freilicher, J., Lightman, S.L., 1990. Psychological stress of exposure to un-
controllable noise increases plasma oxytocin in high emotionality women.
Psychoneuroendocrinology 15 (1), 47-58.

Santiesteban, 1., Banissy, M.J., Catmur, C., Bird, G., 2012a. Enhancing social ability by
stimulating right temporoparietal junction. Curr. Biol. 22 (23), 2274-2277.

Santiesteban, 1., White, S., Cook, J., Gilbert, S.J., Heyes, C., Bird, G., 2012b. Training
social cognition: from imitation to Theory of Mind. Cognition 122 (2), 228-235.

Shamay-Tsoory, S.G., Abu-Akel, A., 2016. The social salience hypothesis of oxytocin. Biol.
Psychiatry 79 (3), 194-202.

Singer, T., Klimecki, O.M., 2014. Empathy and compassion. Curr. Biol. 24 (18),
R875-878.

Steyer, R., Schwenkmezger, P., Notz, P., Eid, M., 1994. Testtheoretische Analysen des
mehrdimensionalen Befindlichkeitsfragebogens (MDBF). Diagnostica 40, 320-328.

Tomova, L., von Dawans, B., Heinrichs, M., Silani, G., Lamm, C., 2014. Is stress affecting
our ability to tune into others? Evidence for gender differences in the effects of stress
on self-other distinction. Psychoneuroendocrinology 43, 95-104.

Wang, Y., Hamilton, A., 2012. Social top-down response modulation (STORM): a model of
the control of mimicry in social interaction. Front. Hum. Neurosci. 6, 1-10.

Zhao, W., Yao, S, Li, Q., Geng, Y., Ma, X., Luo, L., et al., 2016. Oxytocin blurs the self-
other distinction during trait judgments and reduces medial prefrontal cortex re-
sponses. Hum. Brain Mapp. 37 (7), 2512-2527.



