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KEYWORDS Summary Motor simulation is important for imitation, action understanding, and a wide range
Oxytocin; of social cognitive skills. Furthermore, the neuropeptide hormone Oxytocin (OT) has also been
Automatic imitation; related to social information processing in humans, improving perception of social stimuli and
Motor simulation; increasing altruism and trust. Surprisingly, however, a direct link between OT and motor simula-
Self-other distinction; tion has never been systematically investigated. The current study examined this question using
Mirror neuron system the imitation-inhibition task, a paradigm used to investigate automatic imitation behaviour and

motor simulation. In this task, participants carry out simple finger movements while observing
irrelevant movements that either match (congruent condition) or do not match (incongruent
condition) the instructed movements. In a double-blind, placebo-controlled design, male par-
ticipants were administered either OT (N =24) or placebo (N =24), and subsequently performed
the imitation-inhibition task. To ensure specificity of OT effects to imitative behaviour, par-
ticipants additionally performed a Stroop colour-word interference task (adapted to optimize
similarities with the imitation inhibition task) to rule out general effects on cognitive control.
As predicted, OT selectively influenced the congruency effect in the imitation-inhibition task
but not the congruency effect in the Stroop task. This effect showed that OT led to a larger
congruency effect by slowing down reaction times on incongruent trials when observed and
own actions did not match. The findings suggest that OT leads to a decrease of control over
automatic imitative behaviour mediated by increased self-other merging. Thus, for the first
time, a link between OT and motor simulation is demonstrated, providing a window into the
role of OT in motoric aspects of social cognition.
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1. Introduction

Throughout history, humans have lived in tight relation to
one another and formed groups in various contexts. Bonding
behaviours have been shown to have several (evolutionary)
advantages, both on a physical and cognitive level (Buss
and Kenrick, 1998; Chou et al., 2011). One essential pro-
cess by which relationships between people seem to be
enhanced is imitative behaviour. Compelling studies indicate
that being imitated by another person subsequently leads to
increased liking of the other person, smooth interactions,
and different forms of pro-social behaviour that general-
ize towards people not initially included in the imitative
interaction (Chartrand and Bargh, 1999; van Baaren et al.,
2004; Stel et al., 2008). Thus, a wide range of research
provides evidence for the idea that imitation elicits pos-
itive consequences in social interactions, due to a shift
towards interdependent orientation (Ashton-James et al.,
2007). Other research suggests that imitation is based on
a mechanism that directly matches the observed action
onto a corresponding motor representation in the observer
(lacoboni et al., 1999). Such a motor simulation mecha-
nism has not only been related to imitation but also to
action understanding (Rizzolatti et al., 2001; Rizzolatti and
Craighero, 2004; Rizzolatti and Sinigaglia, 2010). One way
to investigate motor simulation is by automatic imitation
paradigms where participants have to execute an action in
response to an imperative cue while observing congruent or
incongruent movements (Brass et al., 2000; see Heyes, 2011
for a review). Indeed, participants respond faster and more
accurate when the observed action matches the instructed
action (congruent) compared to a case where the observed
action is different (incongruent) from the instructed action
(Brass et al., 2000). This congruency effect indicates that
movement observation leads to an activation of a motor
representation in the observer, supporting the motor sim-
ulation idea. Furthermore, studies have documented that
automatic motor simulation is sensitive to a number of social
factors such as attributed intentionality and social attitudes
(e.g. Liepelt et al., 2008; Leighton et al., 2010). While it
has been shown that automatic imitation is influenced by
hormone levels such as testosterone (Hermans et al., 2006),
the influence of Oxytocin (OT) on this behaviour has never
been investigated.

Interestingly, the neuropeptide hormone OT is strongly
related to the processing of social information in humans
(e.g. Bos et al., 2012; Heinrichs and Domes, 2008; Veening
and Olivier, 2013). In particular, researchers have found
improvement in perceiving social stimuli and increased
empathy after OT administration (Domes et al., 2007b;
Kéri and Benedek, 2009; Hurlemann et al., 2010; Marsh
et al., 2010; Perry et al., 2010). Furthermore, when OT lev-
els are increased, people seem to become more altruistic,
trusting, and generous (Kosfeld et al., 2005; Baumgartner
et al., 2008), possibly due to a reduction of anxiety (Meyer-
Lindenberg et al., 2011; Viviani et al., 2011) and/or altering
social information processing (Ellenbogen et al., 2012,
2013). Grillon et al. (2013), however, have shown that OT
increases anxiety to unpredictable situations, suggesting
that the response of OT is dependent upon the familiarity of
the situation. This and other research has lead to nicknames

such as ‘‘the love hormone’’ (e.g. Ferguson et al., 2002),
indicating that OT plays a key role in social behaviour.

Given the role of OT in prosocial behaviour and affiliation,
the question arises whether OT levels might also influ-
ence automatic motor simulation. The aim of the present
study is to directly investigate the effect of OT on auto-
matic motor simulation and to test the hypothesis that
OT influences motor simulation. To this end, the imitation-
inhibition task was used, a stimulus-response compatibility
(SRC) paradigm that has been shown to be a reliable index
of automatic imitation behaviour (Brass et al., 2000). In
this task, participants carry out simple finger movements
in response to imperative cues while observing irrelevant
finger movements that either match (congruent condition)
or do not match the instructed movement (incongruent
condition). Since both OT and imitative behaviour seem
to enhance prosocial behaviour, we expected a positive
relationship between OT and automatic motor simulation.
Thus, we predicted that increased OT levels would lead to
a larger congruency effect (difference between incongru-
ent and congruent trials) in the imitation-inhibition task
as an index of a stronger influence of automatic imitative
behaviour. In order to ensure that OT effects were specific to
automatic motor simulation and were not related to general
cognitive control processes, we also tested the influence of
OT on the Stroop task (Stroop, 1935), which has a similar
non-motor related interference condition. To optimize sim-
ilarities between both tasks, the original Stroop paradigm
was adapted to resemble the imitation inhibition task as
closely as possible (e.g. using finger lifting responses). In
this control task, we expected no change in interference
effects.

2. Methods

2.1, Participants

Forty-eight healthy young adult men (age range=18-32
years) participated in the study in exchange for 40 Euros,
and provided written informed consent beforehand. Partic-
ipants were recruited via the official recruitment website
of the Faculty of Psychology and Educational Sciences. Eth-
ical approval was granted by the institutional review board
of Ghent University Hospital. Participants had no history of
neurological disorders and were medication-free, as verified
by questionnaires. To avoid sex differences in OT response,
only males were recruited.

Both groups (OT versus Placebo) did not differ with
reSpeCt to age (MOT =21 50, SDQT =3.1 1, MPLACEBO =21 .67,
SDpiaceso = 3.02) and education demographics (mostly psy-
chology students), initial scores on Positive And Negative
Affective Schedule (PANAS; Watson et al., 1988; Positive
Affect: MOT = 3.56, SDOT = .45; MPLACEBO = 3‘29, SDPLACEBO = .44;
Negative Affect: MOT =1. 57, SDOT = 45; MPLACEBO =1 .69,
SDpiaceso =-58) or Interpersonal Reactivity Index (IRI;
Davis, 1980; Perspective Taking: Mor=17.90, SDor=3.86;
MPLACEBQ =14.91 R SDPLACEBQ =435, Empathic Concern:
MOT =1 783, SDOT =452, MPLACEBO = 1836, SDPLACEBO = 3.51,
Fantasy: MOT = 1670, SDDT = 5.17; MPLACEBO =1 5.09,
SDppaceso =6.52; Personal Distress: Mor=10.35, SDor =4.46;
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Mpiaceso = 11.22, SDppaceso = 5.32), or experienced symptoms
(all ps>.05).

2.2. Stimuli and apparatus

For the imitation-inhibition task (Brass et al., 2000), stimu-
lus material consisted of images (300 x 200 pixels) depicting
a hand in resting position or a hand performing an index or
middle finger lifting movement (all from a third person per-
spective). At the time of the movement images, the number
1" or ‘2’ was presented in the centre between the index
and middle finger, signalling that participants had to perform
either an index or middle finger movement respectively. As
such, three types of trials were possible: (1) baseline trials
in which a number was presented without a finger move-
ment of the hand on screen, (2) congruent trials in which
the number signalled a movement that corresponded to the
movement observed on screen (e.g. ‘1’ and index finger
movement), and (3) incongruent trials in which the number
signalled the opposite movement (e.g. ‘1’ and middle fin-
ger movement). In this task, the observed number was the
relevant dimension, whereas the observed hand movements
were irrelevant.

For the Stroop task, stimulus material consisted of
the Dutch translation of the words ‘yellow’ or ‘blue’
(font = Calibri, font size=80) written in either yellow or
blue ink. Furthermore, yellow and blue rectangles (of the
same size as the corresponding words) could also be pre-
sented. Thus, there were again three types of trials: (1)
baseline trials in which a coloured rectangle was presented,
(2) congruent trials in which the word meaning and word
ink corresponded (e.g. ‘blue’ written in blue ink), and (3)
incongruent trials in which word meaning and word ink did
not correspond (e.g. blue written in yellow ink). In this task,
the ink colour of the word/rectangle was the only rele-
vant dimension, with words written in blue ink requesting
an index finger lifting movement and words in yellow ink
signalling that the middle finger had to be lifted.

For both tasks, lifting movements were recorded with a
custom-built response device using light sensors to measure
reaction times and errors.

2.3. Procedure

Using a double-blind design, participants were randomly
assigned to receive either intranasal OT (n=24; 24
IU Syntocinon Spray, Novartis, Basel, Switzerland) or
intranasal saline placebo (n=24). As such, both partici-
pants and experimenter were unaware of the condition
participants were assigned to. Participants completed
measures of positive and negative affect (PANAS) and
trait empathy (IRI), demographics, and medication use
immediately after substance administration. However,
because responses to OT do not typically emerge until
approximately 45min after administration (see e.g. Marsh
et al., 2010 for a similar procedure), we did not expect
responses on the questionnaires to be influenced by OT.
Subsequently, participants received instructions for the
imitation-inhibition task and the Stroop task. Forty-five
minutes after substance inhalation, half of the partic-
ipants started with the imitation-inhibition task, while

the other half started with the Stroop task (additionally
counterbalanced with substance randomization). Each task
had a total duration of approximately 30 min, consisting of
six blocks of 48 trials (16 trials for each type with congruent
and incongruent trials being presented in a random order),
with a total number of 288 trials. Each trial started with
a black screen of 2000 ms. In the imitation-inhibition task,
the hand in resting position was then presented for 2000 ms,
while a movement and number were shown subsequently
for 1300 ms. In the Stroop task, five fixation crosses were
presented next to each other for 2000 ms and the words or
rectangles were presented for 1300 ms. At the end of each
trial, a black screen was shown for 700 ms in both tasks.

At the end of the experimental phase, participants again
completed the PANAS to detect possible changes in affect.
Furthermore, they filled in a questionnaire listing several
adverse symptoms possibly related to OT (MacDonald et al.,
2011).

2.4. Data analysis

A .05 significance level was used in all statistical tests.
A 2 (Task: Imitation-inhibition or Stroop) x 3 (Congruency:
Baseline, Incongruent, or Congruent) repeated measures
ANOVA with Group (OT or Placebo) as between-subjects
variable was used to analyze RTs and errors (homogeneity
of variance assumption was met as demonstrated by non-
significant Levene’s tests). Furthermore, responses to the
PANAS questionnaire were analyzed using a 2 (Valence: Pos-
itive or Negative) x 2 (Time: Pre or Post) repeated measures
ANOVA with Group (OT or Placebo) as between subjects fac-
tor. Partial eta squared (ﬁf,) and Cohen’s d were used as
measures of effect size.

3. Results

Both groups did not differ with respect to demograph-
ics (age, education), PANAS and IRl scores, or experienced
symptoms (all ps>.05).

3.1. Reaction times

The three-way interaction between Task, Congruency, and
Group was significant, F(2,45)=3.43, p<.05, n§:.13,
while all other main effects (including a Group effect,
F(1,46)=1.04, p>.31) and interaction effects were not
significant (all ps>.37). Planned comparisons for the
imitation-inhibition task revealed that the congruency
effect (incongruent minus congruent trials) was significantly
larger in the OT relative to the Placebo group, t(46)=2.22,
p<.05, d=.65 (see Fig. 1), indicating an influence of OT
on motor simulation. Similar comparisons for the Stroop
task indicated no effect of OT, t(46)=1.37, p>.18. Since
we expected OT to specifically increase RTs on incongru-
ent trials rather than decrease RTs on congruent trials,
we conducted planned one-tailed T-tests on the differ-
ence between incongruent/congruent and baseline trials.
It was revealed that the difference between incongru-
ent and baseline trials was significantly larger in the OT
group when compared to the Placebo group, t(46)=—1.74,
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p<.05, d=.51, while the difference between congruent and
baseline trials did not differ significantly for both groups,
t(46)=.41, p>.30. Similar planned comparisons for the
Stroop task did not reveal any effect of group (p>.18) sug-
gesting specificity of the observed effects on the motor
simulation system. Additionally, a significant main effect
of Task, f(1,46)=33.91, p<.001, nf, = .42 and Congruency,
F(2,45)=49.40, p<.001, n}‘, = .69 were observed, as well as
the interaction between these two factors, F(2,45)=10.27,
p<.001, '7,2, =.31. As shown in Fig. 1, RTs were slower in
the Stroop task (566.79ms) compared to the imitation-
inhibition task (489.37 ms), and were slower in incongruent
(563.81 ms) trials compared to congruent trials (505.20 ms)
and baseline trials (515.23 ms). Furthermore, the effect of
Congruency was larger in the imitation-inhibition compared
to the Stroop task. Finally, the order of tasks with which
participants started (Stroop or imitation-inhibition task first)
did not play a role (all ps>.20).

3.2. Accuracy

A significant main effect of Task, F(1,46)=8.02, p<.01,
r;f) = .15 and Congruency, F(2,45)=21.35, p<.001, ?7,% = .49
was observed, as well as a interaction between these two
factors, F(2,45)=3.77, p<.05, 7?,2, = .14 (Fig. 2). However,
the three-way interaction with Group was not significant,
F(2,45) < 1. All planned comparisons, as well as task order
tests were not significant (all ps>.30).
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Figure 1  Mean reaction times (RTs; ms) on baseline, incongru-

ent and congruent trials for the Placebo and Oxytocin group.
The upper panel displays RTs on the imitation-inhibition task;
the bottom panel displays RTs on the Stroop task. Error bars
are standard errors of the mean. *p-value < .05, **p-value<.01,
***p-value <001, ns: p-value>.05.

No correlation between RTs and error rates was observed
(all ps>.24), suggesting the absence of a speed-accuracy
trade-off.

3.3. Questionnaires

PANAS: A 2 (Valence: Positive or Negative) x 2 (Time: Pre
or Post) repeated measures ANOVA with Group (OT or
Placebo) as between subjects factor was computed. A main
effect of Valence, F(1,46)>50, p<.001, nf, = .88 and Time,
F(1,46)=29.71, p<.001, 71,2,=~39 as well as an interac-
tion between both factors, F(1,46)=9.81, p<.01, ﬂﬁ. =.18
was found. However, no main effect (p>.77) or interac-
tions (all ps>.05) were detected. Thus, both groups showed
a significant reduction in positive affect only. This was
true for the Placebo group with higher scores on the ini-
tial (M=3.48, SE=.09) compared to the final assessment
(M=3.12, SE=.13) and the OT group, initial assessment:
M=3.38, SE=.09; final assessment: M=3.01, SE=.12. No
correlations were found between positive (all ps>.40) and
negative (all ps>.21) PANAS scores and RTs on the imitation-
inhibition task.

4. Discussion

The present study sought to provide a missing link for the
influence of OT on motor simulation, given that imitative
behaviour is hypothesized to form the basis of a number
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Figure 2 Mean error rates (%) on baseline, incongruent and
congruent trials for the Placebo and Oxytocin group. The upper
panel displays RTs on the imitation-inhibition task; the bot-
tom panel displays RTs on the Stroop task. Error bars are
standard errors of the mean. *p-value < .05, ***p-value < 001, ns:
p-value > .05.
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of social cognitive skills. Using a task that indexes such
motor simulation, we predicted that OT would increase
interference of automatic motor simulation but not inter-
ference during non-social cognitive control. As expected,
OT increased the congruency effect (incongruent versus
congruent trials) in the imitation-inhibition task but not
the Stroop task, indicating a specific influence of OT on
automatic motor simulation. Furthermore, supporting our
hypothesis, OT seemed to selectively influence incongru-
ent trials (compared to baseline trials), suggesting that
its influence on automatic motor simulation is not caused
by stronger response facilitation in congruent trials but by
stronger interference in incongruent trials.

To our knowledge, our results provide first evidence for
the hypothesis that OT has an influence on motor simulation.
By showing that this effect is specific to the imitation-
inhibition task, the results show that the influence of OT
on automatic motor simulation is not due to general task
processing or cognitive control processes but is restricted
to interference in social situations. Yet, the mechanisms
by which OT influences motor simulation are still unclear.
One potential hypothesis is that OT exerts a direct impact
on the brain circuits involved in motor simulation. Motor
simulation has been strongly linked to the so-called mirror
neuron system (MNS), which consists of the inferior frontal
cortex and the inferior parietal cortex (see Brass and Heyes,
2005 for a review). Furthermore, it has been argued that the
MNS plays a crucial role in social cognition (e.g. Rizzolatti
and Craighero, 2004; Kaplan and lacoboni, 2006; Bastiaansen
et al., 2009; Brass et al., 2009). Thus, one possibility would
be that the effect of OT on automatic motor simulation is
caused by a facilitative effect on the MNS, which in turn
leads to prosocial behaviour.

Alternatively, one could argue that OT decreases self-
other distinction and therefore leads to larger interference
costs. Interference effects in the imitation-inhibition task
have previously been related to a brain network involved in
self-other distinction including the temporo-parietal junc-
tion (TPJ) area and the medial prefrontal cortex (Brass
etal., 2009, 2001; Spengler et al., 2010b). In particular, the
TPJ seems to play a crucial role in the imitation-inhibition
task as indicated by fMRI (Brass et al., 2005; Spengler et al.,
2010b) and TMS/tDCS research (Sowden and Catmur, 2013).
This line of work would suggest that OT impacts brain areas
involved in self-other distinction.

In point of fact, the observation that OT administration
increases the interference effect rather than increases the
facilitation effect is more in accordance with the hypothesis
that OT affects brain areas involved in self-other distinc-
tion such as the TPJ. Although direct evidence for this
neuroanatomical hypothesis is still lacking, some indirect
support comes from research in autism spectrum disor-
ders (ASD). ASD has been linked to TPJ functioning (e.g.
Lombardo et al., 2011), and recent research suggests that
OT has positive effects on social processing in ASD (Green
and Hollander, 2010; Yamasue et al., 2012; Miller, 2013;
Tachibana et al., 2013). Furthermore, it has been demon-
strated that individuals with ASD show larger interference
effects in the imitation-inhibition task and deficits in the
imitation-inhibition task have been linked to TPJ function-
ingin ASD (Spengler et al., 2010a). Thus, future studies could
systematically and directly investigate the influence of OT

on TPJ functioning in relation to autistic traits, which would
provide important knowledge concerning clinical implica-
tions of OT in psychopathology.

While it is unclear why this interference of self-other dis-
tinction takes place, we believe that a self-other merging
account is highly plausible. Research has shown that sim-
ilarity between observer and observed person determines
difficulties in distancing oneself from the other (Meltzoff,
1995; Kilner et al., 2003; Tai et al., 2004), and that indi-
viduals with increased self-focus show reduced automatic
imitation (Obhi et al., 2014). Thus, this research indirectly
indicates that self-other merging might be an important
process by which self-other distinction operates, suggest-
ing that shared representations between self and other are
at the core of this mechanism.

There is one recent study, however, that seems to be at
odds with the hypothesis that OT decreases self-other dis-
tinction. Colonnello et al. (2013) have demonstrated that
perceptual judgements in a face recognition task requir-
ing self-other distinction were enhanced by OT. In this task,
photos of subjects were morphed onto unfamiliar faces (or
vice versa), and participants were asked to distinguish other-
and self-related features. Latency of self-other differentia-
tion was reduced after OT administration. However, several
important differences between the current task and the task
used by Colonnello et al. (2013) might have contributed
to the discrepant findings. First, there is a clear distinc-
tion between the task used by Colonnello et al. (2013),
which is a pure perceptual task and the current paradigm
which is a motor interference task. Self-other confusion
in the current task is not about determining the identity
of a person but rather the origin of a specific motor rep-
resentation. It might well be that because OT enhances
attention to social stimuli (Guastella et al., 2008; Ellenbogen
et al., 2012; Leknes et al., 2013), several perceptual tasks
involving social stimuli would improve. Secondly, during the
face recognition task of Colonnello et al. (2013), partici-
pants were explicitly instructed to pay attention to self-
versus other-related features of the stimuli. In the imitation-
inhibition task, however, movements of the other person
seen on screen are completely irrelevant for the task being
performed. Thus, self-other differentiation might be much
more covert in the current paradigm. Furthermore, superior
performance in a face discrimination task might be related
to enhanced amygdala function as indicated by previous
work on emotional facial expressions (Kirsch et al., 2005;
Domes et al., 2007a). However, further research combining
perceptual and motor tasks is needed to better understand
the impact of OT in the perceptual and motor domain. While
research seems to suggest that OT effects are more pro-
nounced in a social-interactive context (Veening and Olivier,
2013), our findings indicate that OT influences more basic
mechanisms of social cognition as well. Indeed, a recent
study by Zheng et al. (2014) has shown that OT modu-
lates sensory experience much earlier in development than
the previously described role of OT in social—emotional
behaviours.

Finally, as predicted, OT specifically modulated congru-
ency in a movement observation task but not a classical
cognitive control task. Thus, we were able to rule out a
general effect of OT, and confirm the specific role of OT
in social cognition. Furthermore, it has to be noted that



Oxytocin and motor simulation

225

no effect of OT were observed in error rates. However,
previous literature suggests that RTs are more sensitive to
(social) manipulations in the imitation-inhibition task (e.g.
Leighton et al., 2010; Tomova et al., 2014). As such, we
believe that the absence of effects in error rates is not
surprising. Importantly, no evidence for a speed-accuracy
trade-off was found. One limitation of the present study that
hinders generalizability of the current findings, however,
concerns the fact that, due to restrictions by the ethical
committee, we only recruited men and moreover, that most
of these participants were psychology students.

In sum, our results demonstrate, for the first time, a
link between OT and motor simulation. We suggest that
OT decreases control of automatic imitative behaviour by
decreasing self-other distinction. This has implications for
the effect of OT in a wide range of social situations, since it
shows the influence of OT on a control mechanism important
in social cognition.
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