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Oxytocin  (OT)  influences  how  humans  process  information  about  others.  Whether  OT  affects  the
processing  of information  about  oneself  remains  unknown.  Using  a double-blind,  placebo-controlled
within-subject  design,  we  recorded  event-related  potentials  (ERPs)  from  adults  during  trait  judgments
about  oneself  and  a celebrity  and  during  judgments  on word  valence,  after  intranasal  OT  or  placebo  admin-
istration.  We  found  that  OT vs. placebo  treatment  reduced  the differential  amplitudes  of  a fronto-central
xytocin
elf-referential processing
RP
elf-construal
2

positivity  at 220–280  ms (P2)  during  self-  vs. valence-judgments.  OT vs. placebo  treatment  tended  to
reduce  the  differential  amplitude  of a late positive  potential  at  520–1000  ms  (LPP)  during  self-judgments
but  to  increase  the  differential  LPP  amplitude  during  other-judgments.  OT effects  on the  differential  P2
and  LPP  amplitudes  to  self- vs.  celebrity-judgments  were  positively  correlated  with  a measure  of  inter-
dependence  of  self-construals.  Thus  OT modulates  the  neural  correlates  of  self-referential  processing  and

tion  
this  effect  varies  as  a func

. Introduction

Oxytocin (OT) is a peptide hormone produced in the hypothal-
mus and plays an important role in social cognition and social
ehavior. Animal studies have shown that OT contributes to the
evelopment of prosocial behavior such as mother–infant attach-
ent, grooming, and approach behavior (see Lim & Young, 2006 for

eview). In humans, OT promotes social trust and cooperation such
hat individuals receiving intranasal sprays of OT compared to a
lacebo are more inclined to invest money in others even when
here is no guarantee of reciprocation (Kosfeld, Heinrichs, Zak,
ischbacher, & Fehr, 2005). To account for the enhanced prosocial-
ty induced by OT, previous studies focused on how OT treatment
ffects the processing of information about conspecific others. It has
een shown that, relative to placebo administration, intranasal OT
esults in increased sensitivity to others’ facial expressions (Marsh,
u, Pine, & Blair, 2010; Schulze et al., 2011), better understanding of
thers’ thoughts and intentions (Domes, Heinrichs, Michel, Berger,

 Herpertz, 2007), and enhanced perception of trustworthy and
ttractiveness of others’ faces (Theodoridou, Rowe, Penton-Voak,
 Rogers, 2009, see Campbell, 2010 for review).
There is also increasing evidence that OT modulates neural

ctivities involved in the processing of social cues (see Zink
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& Meyer-Lindenberg, 2012 for review). Functional magnetic
resonance imaging (fMRI) studies found that intranasal OT admin-
istration decreased neural responses in the amygdala during
implicit (Domes, Heinrichs, Glascher, et al., 2007) and explicit
(Gamer, Zurowski, & Buchel, 2010) processing of fearful facial
expressions in males but increased amygdala activity during
explicit processing of fearful faces in females (Domes et al.,
2010). An electroencephalograph (EEG) study showed that, while
perception of social stimuli (e.g., a point-light display of human
biological motion) was  associated with suppression of EEG activity
in the mu/alpha and beta bands (Perry, Troje, & Bentin, 2010;
Ulloa & Pineda, 2007), this suppression was significantly enhanced
following intranasal OT versus placebo treatment (Perry, Bentin,
et al., 2010). OT also modulated the amplitudes of event-related
potentials (ERPs) elicited by facial stimuli such that OT, compared
to a placebo, increased the amplitude of a frontal positivity at
140–180 ms  and the amplitude of a late positive potential (LPP)
at 400–800 ms  over the parietal region in response to emotional
faces (Huffmeijer et al., 2013). Moreover, OT interacts with social
factors to modulate neural activities to emotional cues. Sheng, Liu,
Zhou, Zhou, and Han (2013) recorded ERPs from Chinese adults
while they perceived pain or neutral facial expressions of Asian and
Caucasian models. They first showed that, in the placebo condition,
pain compared to neutral expressions increased the amplitude of a
fronto-central positive activity at 128–188 ms  (P2) and this effect

was evident for Asian but not for Caucasian models. This replicates
the racial bias in empathic neural responses (Sheng & Han, 2012).
Moreover, Sheng et al. (2013) found that OT compared to a placebo
increased the P2 empathic neural responses to pain vs. neutral
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xpressions of Asian but not Caucasian models, suggesting that OT
ay  selectively enhanced the neural activity to facial expressions
f racial in-group (but not out-group) members.
The reciprocally interconnected role of self related and other

elated processing in social cognition has been widely discussed.
ow one thinks of the self and the relationship between the self
nd others significantly influence social interaction. For example,

 person may  expend self-concept to include close others in order
o acquire resources, perspectives, and identities from others and
o enhance one’s own ability to accomplish goals (Aron et al.,
004). Self-other merging facilitates cooperation in social dilem-
as  (Cremer & Stouten, 2003) and perceived “oneness” (i.e., one
omes to incorporate the self within the boundaries of the other)
r perceptions of self in relation to others links to emotional empa-
hy (Burris & Rempel, 2012; Cialdini, Brown, Lewis, Luce, & Neuberg,
997). Previous studies of OT effects on neural correlates of social
ognition have focused exclusively on other-related processing.
here has been no existing data so far on how OT affects neural
orrelates of self-related processing.

Consistent with the idea that the processes of the self and oth-
rs are the two sides of social cognition (Iacoboni, 2006; Sedikides

 Skowronski, 2009), it has been shown that priming independent
s. interdependent self-construals in Chinese participants speeded
heir responses to their own faces but slowed their responses
o others’ faces (Sui & Han, 2007). Moreover, while fMRI studies
uggest that the medial prefrontal cortex and anterior cingulate
ortex are engaged in self-referential processing of personality
raits (Heatherton, 2011; Kelley et al., 2002; Ma  & Han, 2011;
a et al., 2013; Northoff et al., 2006; Wang et al., 2012; Zhu,
hang, Fan, & Han, 2007), priming bicultural Chinese (i.e., students
rom Hong Kong) with Chinese vs. Western cultures enhanced the
edial prefrontal activity related to self-referential processing but
ecreased the medial prefrontal activity involved in other-related
rocessing (Ng, Han, Mao, & Lai, 2010). These findings suggest
hat the same psychological manipulation can modulate the neural
rocessing of oneself and others in opposite directions. OT may
roduce similar effects, that is, if OT alters social cognition by
ncreasing the salience of social cues related to others or enhanc-
ng attentional processing of others (Bartz, Zaki, Bolger, & Ochsner,
011; Perry, Bentin, et al., 2010; Shamay-Tsoory et al., 2009), it may
e proposed that OT would decrease the salience of self-related
nformation or weaken self-related processing in tasks such as trait
udgments.

A recent behavioral study found that intranasal OT versus
lacebo administration increased self-reported ratings of one’s own
xtraversion and openness to experiences (Cardoso, Ellenbogen,

 Linnen, 2012). This finding suggests that OT influences self-
erceived personality traits that are important for social affiliation.
owever, measurements of subjective ratings do not reveal
ow the neurocognitive mechanisms involved in self-referential
rocessing are affected by OT treatment. Thus the present study
nvestigated how intranasal OT influences the neural activity
nvolved in self-referential processing by recording ERPs during a
elf-referential task that requires judgments about the personality
raits of oneself. A trait judgment task performed on a celebrity who
as known to all participants was included to test whether OT also
odulates the neural processing of others during trait judgments.

 valence judgment task was included to serve as a baseline to
ontrol for semantic processing and motor responses.

Previous ERP research has linked self-referential processing to
ositive activities over broad regions (Fields & Kuperberg, 2012;
agno & Allan, 2007; Mu  & Han, 2010). Particularly related to
he current work, Mu  and Han (2010) found that a fronto-central
ositive activity was associated with self-referential processing
ecause trait judgments of oneself versus a celebrity elicited larger
mplitudes of the fronto-central positivity as early as 200 ms  after
ogy 94 (2013) 380– 387 381

sensory stimulation. Given that modulations of ERPs related to the
processing of others (e.g., Sheng & Han, 2012; Sheng, Liu, Zhou,
Zhou, & Han, 2013) and the self (e.g., Mu  & Han, 2010) occurs
in the same time course and over the same brain regions, it may
be hypothesized that OT relative to a placebo may  produce oppo-
site effects on self- and other-referential processing during trait
judgments. This hypothesis has a premise that the fronto-central
activity in the P2 time window associated with self-referential
processing and the processing of others arises from the same neural
structure and OT effects occurs in the same time course dur-
ing self-referential and other-referential processing. Specifically,
we predicted that, relative to placebo treatment, OT treatment
may  decreases the fronto-central activity related to self-referential
processing during the task of trait judgment. In contrast, OT vs.
placebo may  increase the frontal-central activity associated with
the processing of others during the trait judgment task.

In addition, we examined whether OT effects on self-referential
processing vary across individuals with different self-construals. It
has been shown that the effects of OT in the social domain are con-
strained by features of situations and/or individuals (Bartz et al.,
2011). OT (vs. placebo) effects on memories of childhood maternal
care and closeness are moderated by the attachment represen-
tations people possess (Bartz, Zaki, Ochsner, et al., 2010). These
findings suggest that OT effects on neural activities involved in
social cognition may  vary as a function of individuals’ attributes.
It is well known that individuals from Western cultures view the
self as an autonomous entity that is independent of social con-
texts and others (i.e., having independent self-construals), whereas
East Asians view the self as being strongly connected with oth-
ers (i.e., having interdependent self-construals) (Han & Northoff,
2009; Markus & Kitayama, 1991, 2010; Zhu & Han, 2008). More-
over, the effect of social influences on self-related processing is
stronger in individuals from sociocultural contexts that encourage
interdependent than independent self-construals (Liew, Ma,  Han,
& Aziz-Zadeh, 2011; Ma  & Han, 2009, 2010). Therefore, the cur-
rent study tested whether differential self- versus other-referential
processing is more sensitive to biological influences (i.e., intranasal
OT treatment) in individuals with stronger interdependent self-
construals.

2. Methods

2.1. Participants

Twenty male adults (mean age = 22.0, SD = 1.96 yrs) participated in this study
as  paid volunteers. Exclusion criteria included self-reported medical or psychiatric
illness and use of medication. All were right-handed and had normal or corrected-
to-normal vision. Informed consent was obtained prior to participation. This study
was  approved by a local ethics committee.

2.2. Stimuli and procedure

288 Chinese trait adjectives, each consisting of two Chinese characters, were
selected from an established personality trait adjective pool (Liu, 1990) for person-
ality trait or valence judgments. For each participant these trait adjectives were
randomly classified into 4 lists of 72 words with half positive and half negative
words in each list.

In  a double-blind, placebo-controlled within-subject design, participants par-
ticipated in two EEG sessions with an interval of at least 6 days. Before each EEG
session, 32 IU OT or placebo (containing all of the active ingredients except for the
neuropeptide) was administered with a nasal spray. The spray was administered
to  participants four times to each nostril and each administration consisted of one
inhalation of the spray with 4 IU. The procedure of OT and placebo administration
was  similar to the previous work that showed significant OT  effects on either behav-
ior  (De Dreu et al., 2010; Mikolajczak, Pinon, Lane, de Timary, & Luminet, 2010) and
brain activity (Petrovic, Kalisch, Singer, & Dolan, 2008; Sheng et al., 2013). Treat-
ment (OT vs. placebo) orders were counterbalanced across participants. After OT or

placebo administration, participants took a break of 45 min  before EEG recording.

The experimental procedure is illustrated in Fig. 1. After OT or placebo adminis-
tration, each participant performed 4 blocks of 72 trials for trait/valence judgments
while EEG was recorded. Two  lists of 72 words were used twice for each EEG session.
Within each block participants had to make yes/no judgments on whether a trait
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Fig. 2. Illustration of ERPs recorded at F3, F4, Fz, FC3, FC4, FCz to self-, celebrity-, and valence-judgment and the topographies of N1, P2 and LPP after (a) placebo and (b)
oxytocin treatment. The gray areas indicate the time windows in which the P2 and LPP amplitudes were measured.
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Fig. 3. (a) The mean amplitude of the difference wave at 220–280 ms  obtained by subtracting the ERPs to valence-judgment from those to self- or celebrity-judgment at
fronto-central electrodes. (b) Topographies of the difference wave of self- vs. celebrity-judgments in the P2 time window in OT and placebo conditions, respectively. The
difference wave showed a positivity over the fronto-central region in the placebo condition but a negative over the same region in the OT condition. (c) Source estimation of
the  OT effect in the P2 time window on self- and other-referential processing. The maximum OT effect was observed over the anterior cingulated and medial prefrontal cortex.
(d)  The mean amplitude of the difference wave at 520–1000 ms obtained by subtracting ERPs to valence-judgment from those to self- or celebrity-judgment at fronto-central
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lectrodes. (e) Topographies of the difference wave of self- vs. celebrity-judgment 

howed a positivity over the fronto-central region in the placebo condition but no
indow on self- and other-referential processing. The maximum OT effect was obs

how any significant main effects or interactions (Fs < 3, Ps > 0.05).
he ANOVAs of the mean differential amplitude in the P2 time
indow did not show significant main effects of Task or Treat-
ent either (Fs < 3, Ps > 0.05). However, there was  a significant

nteraction between Treatment and Task over the fronto-central
lectrodes (F (1, 19) = 8.51–23.83; Ps < 0.01 at F4, F5, F6, F8, FC1,
C4, FC5, C3, C5, CP3, CP5, Fig. 3a and b). Simple effect analyses
ere further conducted and confirmed that OT treatment signif-

cantly reduced the P2 amplitudes to self- vs. valence-judgments
ompared with placebo treatment (Ps < 0.05). In contrast, the P2
mplitudes to celebrity- vs. valence-judgments did not differ sig-
ificantly between OT and placebo conditions (Ps > 0.1).
The ANOVAs of the mean amplitudes of the difference waves

n the LPP time window showed a significant main effect of Task
ver the fronto-central electrodes (F(1, 19) = 5.79–7.72, Ps < 0.05
t C2, CZ, FCZ, FC4). The main effect of Treatment was  not sig-
ificant (Fs < 2, Ps > 0.05). But there was a significant interaction
etween Treatment and Task (F (1, 19) = 8.49–12.88; Ps < 0.01 at
2, F4, F5, FZ, FC1), suggesting that OT tended to decrease LPP
mplitudes to self- vs. valence-judgments but to increase LPP
mplitudes to celebrity- vs. valence-judgments (Fig. 3d and e).
imple effects did not show significant OT effects respectively on
ither self- or other-referential processing (Ps > 0.05), though the
ifference of LPP amplitudes between self- and other-referential
rocessing was significant in the placebo condition (Ps < 0.05 at
2, F4, F6, FZ, FC1, FC4, FCZ, C3, C6) but not in the OT condition
Ps > 0.05).

To assess whether the OT effects in different time courses

ere independent, we first calculated the differential P2 and LPP
mplitudes to self- vs. valence-judgments (and to celebrity- vs.
alence-judgments) in the placebo and OT conditions, respectively.
he OT effects were then quantified by subtracting the differential
 LPP time window in OT and placebo conditions, respectively. The difference wave
e OT condition. (f) Source estimation of the differential OT effect in the LPP time

 over the right inferior parietal lobule.

P2 (or LPP) amplitudes in the placebo condition from those in the
OT condition. We  then conducted correlation analyses to examine
whether the OT effect in the P2 time window correlated with the
OT effect in the LPP time window. This revealed significant corre-
lations between the OT effects in the P2 and LPP time windows
related to both self-referential and other-referential processing
over the frontal and central electrodes (self: r(20) = .476–.731,
Ps < .05; other: r(20) = .457–.737, Ps < .05; at F3–F8, FZ, FC1–FC6,
FCZ, C1–C6, CZ). These results suggest that the OT effects in suc-
cessive time windows of the processing of either the self or others
were not independent.

To estimate the source of the differential OT  effects on self-
vs. other-referential processing, we  first calculated the differ-
ence waves (self-judgments minus celebrity-judgments) in Placebo
and OT conditions and then used sLORETA to assess the brain
regions that showed significant discrepancy in the difference waves
between placebo and OT conditions. This suggested potential
sources of the differential OT effects in the P2 time window in the
anterior cingulate and the medial prefrontal cortex (peak MNI  coor-
dinates: 5, 30, 25, Fig. 3c). Similar analysis of the differential OT
effects in the LPP time window suggested a potential source in the
right inferior parietal lobule (peak MNI  coordinates: 40, −50, 40,
Fig. 3f).

Finally, we  assessed whether the differential OT  effects on
self- vs. other-referential processing (i.e., (Self-Other)placebo minus
(Self-Other)OT) were associated with participant’s degree of
interdependent self-construal. As subjects always completed the
self-construal scale after the second session of the experiment,

we included treatment order as a covariate for the correlation
analysis to exclude the potential effect of treatment order on
individuals’ self-reported self-construal. We  found that the dif-
ferential OT effects on the differential P2 amplitudes to self- vs.
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Fig. 4. (a) The correlation between the OT effect on the P2 amplitude at F5 to self- vs. celebrity-judgments (i.e., (Self-Other)placebo minus (Self-Other)OT) and the rating score
o t F5 to
r

c
t
p
C
t
m
F
s
o

4

a
e
v
m
s
j
s
a
w
m
s
t
o
w
a
s
t

the

PP

e PP

 

 3
S2/G  g89T
/F2 1 Tf
7.9701 0 0 7.9701 328.668 338.4366 Tm
(in)Tj
-30.s

irth

PPPP
s.

LPP
f  interdependence. (b) The correlation between the OT effect on LPP amplitude a
ating  score of interdependence.

elebrity-judgments were significantly positively correlated with
he measurement of interdependence over the frontal/central/
arietal electrodes (rs = 0.81–0.51; Ps < 0.05 at F4, F5, FC1, FC4, FC5,
3, C5, CP3, CP5; Fig. 4a). Similarly, the differential OT effects on
he LPP amplitudes were positively correlated with the measure-
ent of interdependence (rs = 0.48–0.59; Ps < 0.05 at F2, F5, FC1;
ig. 4b). Participants who self-reported greater interdependence
howed greater OT effects on the neural activity related to self- vs.
ther-referential processing in P2 and LPP time windows.

. Discussion

The present research examined the OT effects on the neural
ctivity involved in self-referential processing. We  recorded ERPs
licited by trait judgments about oneself and a celebrity and
alence judgments of trait adjectives after placebo and OT treat-
ent. Behavioral measurements showed faster responses during

elf-judgments compared to celebrity-judgments and valence-
udgments. The ERP results in the placebo condition showed that
elf-referential processing was associated with increased ERP
mplitudes over the fronto-central region in the LPP time window,
hereas the N1 and P2 amplitudes failed to show evidence for
odulations by self-referential processing. Several previous ERP
tudies have shown that the increased fronto-central positivity in
he P2 and LPP time windows was associated with the processing
f self-relevant vs. other-relevant stimuli such as personality trait
ords (Mu & Han, 2010), name/date of birth (Hu, Wu,  & Fu, 2011),
nd sentences about life events (Fields & Kuperberg, 2012). The P2
elf-referential effect may  be sensitive to the paradigms used in
hese studies as an event-related designed 
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(Neurn
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 379.8373 942.202.4466. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.6251 550.202.4466. )Tj11)06Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 403.29334403.202.4466. )Tj
ET
/1 Tf
6.3761 0 0 6.3761 383.295.698.002.4466. )T02 .675 rg
(Sociareferential)Tj
/F2 1 Tf
.0002 0 0 -.0002 569.04882934.302.4466. )T02)Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.703TD
48.002.4466. )T02 .675 rg
(Sociessing.)Tj/F2 1 Tf
.0002 0 0 -.0002 471.0303 650.202.4466. )T( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.767.8411.002.4466. )T02 .675 rg
(Socij
/F2 1 Tf
.0002 0 0 -.0002 433.50458474.302.4466. )T0254368764. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.059 6507(54368764. g
(  .675 rg
(only)T/F2 1 Tf
.0002 0 0 -.0002 471.844 6534.54368764. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.09729689(54368764. g
(  .675 rg
(onlyTj
/F2 1 Tf
.0002 0 0 -.0002 428.40869469.54368764. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.85336047(54368764. g
(  .675 rg
(only)Tj

/F2 1 Tf
.0002 0 0 -.0002 423.407479
(54368764. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 425.0648 690.54368764. g
(  .675 rg
(onlyoimage)Tj
/F1 1 Tf
5.5787 0 TD
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 403.16nd5723(54368764. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 425.063TD3c
(54368764. g
(  .675 rg
(only1/F1 1 Tf
5.57d575D
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 403.16834404.54368764. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.870 1732(54368764. g
(  .675 rg
(only040…457.ET
/GS2 gs
BT
6.3761 0 0 6.3761 354.1212 634.586 .66
0 g
( )TjPascual-Marquj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 443.703.3658.586 .66
0 g
j
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 405.8939 406.586 .66
0 g
jR
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 403.811.4666.586 .66
0 g
j
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 405.8294 665.586 .66
0 g
jD
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 427.670.3384.586 .66
0 g
j
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 405.8074868.586 .66
0 g
j11)02Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 403.8441 548.586 .66
0 g
j
ET
/1 Tf
6.3761 0 0 6.3761 537.707.1855.586 .66
0 g
(  .675 rg
(Sociatandardizj
/F2 1 Tf
.0002 0 0 -.0002 514.70783674.586 .66
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 4)Tj
0229088.586 .66
0 g
(  .675 rg
(Sociloweresolu)Tj
/F2 1 Tf
.0002 0 0 -.0002 480.035.204.586 .66
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 4)Tj35477507(586 .66
0 g
(  .675 rg
(Socins:)T/F2 1 Tf
.0002 0 0 -.0002 514.1589 658.586 .66
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 4)Tj3576 6(586 .66
0 g
(  .675 rg
(Socielectro)Tjnetj
/F2 -29.824725 TD
(to)Tj
mography/F2 1 Tf
.0002 0 0 -.0002 403.19585848.978.536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 397.8536995
0978.536
0 g
(  .675 rg
(Soci(sLORETA):/F2 1 Tf
.0002 0 0 -.0002 433.559.16T3.978.536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 397.840d57420978.536
0 g
(  .675 rg
(SociTechn)Tj
/F2 1 Tf
.0002 0 0 -.0002 484.93735518.978.536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 397.870 96280978.536
0 g
(  .675 rg
(SociDetails
/F2 1 Tf
.0002 0 0 -.0002 423.4933603.978.536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 491.3655 6390978.536
0 g
(  .675 rg
(SociMethods/F2 1 Tf
.0002 0 0 -.0002 520.42051088.578.536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 491.321.519
0978.536
0 g
(  .675 rg
(SociTj
/F2 1 Tf
.0002 0 0 -.0002 514.132.5688.578.536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 491.3866979
0978.536
0 g
(  .675 rg
(SociFind)Tjs/F2 1 Tf
.0002 0 0 -.0002 520.45834498.578.536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 491.359.860
0978.536
0 g
(  .675 rg
(Soci)T/F2 1 Tf
.0002 0 0 -.0002 514.1127 878.3143536
0 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 491.366699
0978.536
0 g
(  .675 rg
(SociExperimentj
/F2 -31.511.25 TD
(to)TTj
/F2 1 Tf
.0002 0 0 -.0002 514.367.1255.5635 66
0 g
( )Tj
/F7 1 Tf
6.3761 0 0 6.3761 472.367.78T3.9735 66
0 g
(  .675 rg
(SociClin)Tj
/F2 1 Tf
.0002 0 0 -.0002 484.900.3778.5635 66
0 g
( )Tj
/F7 1 Tf
6.3761 0 0 6.3761 472.65190356.9735 66
0 g
(  .675 rg
(SociPharmacy)Tj
/F1 1 Tf
5.056 .686D
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 413.7455 806.5635 66
0 g
( )Tj
/F7 1 Tf
6.3761 0 0 6.3761 472.646.7423.9735 66
0 g
(  .675 rg
(Soci24D/F1 1 Tf
1.1499871TD
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 413.760.207(5635 66
0 g
( )Tj
/F7 1 Tf
6.3761 0 0 6.3761 383.65998848.9735 66
0 g
(  .675 rg
(Soci5…12.ET
/GS2 gs
BT
6.3761 0 0 6.3761 354.1212 634.562.596. )T02)TjPerry
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 374.011 9668.562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.6236946.562.5959. )TjTj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 463.35654242.562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.6871 638.562.5959. )TjTroje
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 443.70336438.562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.6519 23.962.5959. )TjN
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 403.859.06D
(562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.6188 612.562.5959. )TjFj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 507.612.5194(562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.619.4686.562.5959. )Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 432.26481083(562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.6265 874(562.5959. )TjBal)Tn
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 443.7679 242.562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.81436568.562.5959. )TjS
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 455.3641 42.562.5959. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.85766262.562.5959. )Tj10).)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 484.467.4 63.562.5959. )Tj
ET
/1 Tf
6.3761 0 0 6.3761 4)Tj
00.3912.562.5959. )T(  .675 rg
(SociExplor)Tj/F2 1 Tf
.0002 0 0 -.0002 471.57838698.562.5959. )T( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.31998199.562.5959. )T(  .675 rg
(Socimotor/F2 1 Tf
.0002 0 0 -.0002 514.13336793.562.5959. )T( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.3376 684.562.5959. )T(  .675 rg
(Socisystem/F2 1 Tf
.0002 0 0 -.0002 520.454.3168.562.5959. )T( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.3576 96.562.5959. )T(  .675 rg
(Socicontribu)Tj
s/F2 1 Tf
.0002 0 0 -.0002 520.4324 514.562.5959. )T( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.399.4305.562.5959. )T(  .675 rg
(Socij
/F2 -365 658.5 TD
(to)Tjj
/F2 1 Tf
.0002 0 0 -.0002 428.23110543.454.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.967.1431.454.6D
80 g
(  .675 rg
(Socieercep)Tj
/F2 1 Tf
.0002 0 0 -.0002 480.81051822.454.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.61882709.454.6D
80 g
(  .675 rg
(Socij
/F2 1 Tf
.0002 0 0 -.0002 471.012.2386.554.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.61837614.454.6D
80 g
(  .675 rg
(Socisl)Tj
/F2 1 Tf
.0002 0 0 -.0002 489.7969 634.554.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.63657199.554.6D
80 g
(  .675 rg
(Sociinforma)Tj
:/F2 1 Tf
.0002 0 0 -.0002 471.03035672.454.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.6311656.554.6D
80 g
(  .675 rg
(SociEvidenc
/F2 1 Tf
.0002 0 0 -.0002 428.504.0Tm
0454.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.34511859.554.6D
80 g
(  .675 rg
(Socifrom/F2 1 Tf
.0002 0 0 -.0002 520.42050159.554.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.321.1046.554.6D
80 g
(  .675 rg
(SociEEG/F2 1 Tf
.0002 0 0 -.0002 514.133TD
68.554.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.3148 45.554.6D
80 g
(  .675 rg
(SociTctivity/F2 1 Tf
.0002 0 0 -.0002 520.457.1642.554.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.3372 650.554.6D
80 g
(  .675 rg
(Sociin/F2 1 Tf
.0002 0 0 -.0002 514.1142 614.454.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 567.3156 961.454.6D
80 g
(  .675 rg
(SociTj
/F2 1 Tf
.0002 0 0 -.0002 428.530327420954.6D
80 g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 567.3738 629.554.6D
80 g
(  .675 rg
(Socimu/alpha-34.91749805.5 TD
(to)Tfrequency/F2 1 Tf
.0002 0 0 -.0002 471.8469 659.40116557. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.0972324TD40116557. g
(  .675 rg
(respoange./F2 1 Tf
.0002 0 0 -.0002 471.012.13T3.90116557. g
( )Tj
/F1 1 7f
6.3761 0 0 6.3761 373.61837911D40116557. g
(  .675 rg
(respSl)Tj
/F2 1 Tf
.0002 0 0 -.0002 489.79698015.90116557. g
( )Tj
/F1 1 7f
6.3761 0 0 6.3761 373.6324 593D40116557. g
(  .675 rg
(respoimagscienc
/F2 1 Tf
6.3761050TD
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 403.167.5874.50116557. g
( )Tj
/F1 1 7f
6.3761 0 0 6.3761 373.679.245TD40116557. g
(  .675 rg
(resp5/F1 1 Tf
5.57d575D
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 403.184.6593.40116557. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.486.1691D40116557. g
(  .675 rg
(resp272…284.ET
/GS2 gs
BT
6.3761 0 0 6.3761 354.1212 634.538.6855. )T02)TjPerry
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 374.011 9668.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.624.9246.538.6856. )TjTj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 463.3521 633.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.6858 61.538.6856. )TjBal)Tn
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 443.706.8982.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.859.8558.538.6856. )TjSj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 507.616.4484.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.819.4061.538.6856. )TjShalev
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 443.760 9625.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.843.9202.538.6856. )TjIj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 507.61430782.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.85190358.538.6856. )TjIsrael
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 418.86352195.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.873.1772.538.6856. )TjSj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 507.679.769
0938.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.85747614.438.6856. )TjUzefovskj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 498.5169 644.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.51836221.538.6856. )TjFj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 507.325.0T98.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.32830373.538.6856. )TjBar-On
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 498.59 TD
24.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.52122102.538.6856. )TjDj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 379.56190714.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.51560292.538.6856. )TjetET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 514.190 9904.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.52369481.538.6856. )Tjal
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 484.59359232.538.6856. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.58388808.538.6856. )Tj10).)Tj
ET
/GS1 gs
BT
/F2 61 0 0 6.3761 371.6637 664.13337155. )T02 .675 rg
(respInslatasj
/F2 1 Tf
.0002 0 0 -.0002 489.8469 034.13337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.09722224.13337155. )T02 .675 rg
(respocin)Tj
/F2 1 Tf
.0002 0 0 -.0002 433.52437135.13337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.626533 6(53337154. g
(  .675 rg
(Socimodulates/F2 1 Tf
.0002 0 0 -.0002 388.75835108.53337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.670 1299(53337154. g
(  .675 rg
(SociEEG/F2 1 Tf
.0002 0 0 -.0002 514.4776282.53337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.62369c
(53337154. g
(  .675 rg
(Socimu/alpha-34.1 Tf
.0002 0 0 -.0002 428.503TD568.53337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.504.8228(53337154. g
(  .675 rg
(SociTj
/F2 1 Tf
.0002 0 0 -.0002 514.1176 207(53337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.517.8417(53337154. g
(  .675 rg
(Socibeta/F2 1 Tf
.0002 0 0 -.0002 512.831.0776(53337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.5376 668.53337154. g
(  .675 rg
(Socirhythms/F2 1 Tf
.0002 0 0 -.0002 520.45836586(53337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.560.2776(53337154. g
(  .675 rg
(Socidur)Tj/F2 1 Tf
.0002 0 0 -.0002 471.5935507(53337154. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 537.5574146(53337154. g
(  .675 rg
(Socieercep-/F2 286688g
(5 TD
(to)TjTj
/F2 1 Tf
.0002 0 0 -.0002 480.367.3178.50747403. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.969.9756.50747403. g
(  .675 rg
(of)Tj
/F2 1 Tf
.0002 0 0 -.0002 471.88589432.50747403. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.9879 01.50747403. g
(  .675 rg
(of)Tbiy)Tj)Tj
/F2 1 Tf
.0002 0 0 -.0002 484.912.1142.50747403. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.6183772.50747403. g
(  .675 rg
(of)TmojTj
./F2 1 Tf
.0002 0 0 -.0002 471.0421 77.50747403. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 472.6412 347.50747403. g
(  .675 rg
(of)TPsychonimagendocr)Ty)Tj
/F1 1 Tf
5.051762903D
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 403.
24.0482.50747403. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 472.325.7058.50747403. g
(  .675 rg
(of)T35/F1 1 Tf
1.1499149TD
(,)Tj
/F2 1 Tf
.0002 0 0 -.0002 413.31485873.50747403. g
( )Tj
/F1 1 Tf
6.3761 0 0 6.3761 373.536.2451.50747403. g
(  .675 rg
(of)T1446…1403.ET
/GS2 gs
BT
6.3761 0 0 6.3761 354.1212 634.51437751. )T02)TjPetrovic
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 463.350.6124.11437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.68190746(51437752. )TjPj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 463.35859221.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.690.3843.41437752. )TjKalisch
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 507.613.7896.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.41692519.51437752. )TjRj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 463.1221 565.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.42369187.51437752. )TjS)Tjer,ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 403.84417609.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.4476 231.51437752. )TjTj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 463.103.026.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.42124883.41437752. )Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 432.259.0Tm9.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.4635 601.51437752. )TjDolan
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 443.750.0635.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 371.48155057.51437752. )TjRjET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 443.757.181.51437752. )Tj
ET
/GS2 gs
BT
/F1 1 Tf
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