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Abstract

Surprisingly, oxytocin, a socially potent neuropeptide, has not been found to affect
responses to ostracism. However, these effects may depend on individual differences,
specifically the propensity for cooperation and social connectedness. We thus predicted that
oxytocin is more likely to attenuate negative responses to ostracism in people with
collectivistic (vs. individualistic) orientation, particularly horizontal collectivism, which is
oriented toward cooperation among equals. After intranasal administration of oxytocin or a
placebo, participants were ostracized or included during the computer-based ball-tossing
game Cyberball and indicated their sense of social comfort regarding the Cyberball game.
Under oxytocin, responses to ostracism were less negative in participants with a horizontal
collectivistic (vs. individualistic) orientation. The results could not be explained by affect,
including anxiety. The results suggest that collectivistic beliefs facilitate oxytocin’s shielding
effect against negative consequences of ostracism. We discuss underlying mechanisms and

factors other than collectivistic orientation that could explain the findings. (149 words)
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The Interplay of Oxytocin and Collectivistic Orientation Shields against Negative
Effects of Ostracism

Being socially excluded or even ostracized triggers a plethora of negative responses in
humans. Ostracism activates, inter alia, neuronal responses similar to physical pain
(Eisenberger, Lieberman, & Williams, 2003) and reduces the sense of belonging and self-
esteem (Zadro, Williams, & Richardson, 2004). Such consequences are hard, or perhaps
impossible, to eliminate, but they can be attenuated by, for instance, long-term administration
of pain suppressant (DeWall et al., 2010) or mental simulation of physical invulnerability
(Huang, Ackerman, & Bargh, 2013). Regarding neuroendocrinological factors that could
mitigate negative consequences of ostracism, a prime candidate is oxytocin—a neuropeptide
with potentially powerful prosocial effects (e.g., Kosfeld, Heinrichs, Zak, Fischbacher, &
Fehr, 2005).

Oxytocin has been found to inhibit discomfort and withdrawal in the face of adverse or
anxiety-provoking social situations (Evans, Shergill, & Averbeck, 2010; Radke, Roelofs, &
de Bruijn, 2013; for reviews, see De Dreu, 2012a; Kemp & Guastella, 2011). The reduction of
discomfort and withdrawal tendencies is a mechanism that can allow oxytocin to temper
negative responses to ostracism.

Surprisingly, oxytocin effects on people’s responses to ostracism have not yet been
documented. In the only published study (Alvares, Hickie, & Guastella, 2010), participants
were ostracized (vs. included) in the computer-based ball-tossing game Cyberball (Williams,
Cheung, & Choi, 2000) after intranasal administration of oxytocin (vs. a placebo). However,
there was no evidence that oxytocin attenuated the ostracism-induced decline in the sense of
social comfort. Thus, quite surprisingly, oxytocin was not found to affect responses to
ostracism. (We note that a study with rodents found protective oxytocin effects against long-

term isolation; Grippo, Trahanas, Zimmerman, Porges, & Carter, 2009.)



Drawing on research demonstrating the context-sensitivity of oxytocin effects (Bartz,
Zaki, Bolger, & Ochsner, 2011; Kemp & Guastella, 2011), Alvares and colleagues (2010)
suggested that a lack of positive social cues might have prevented oxytocin effects on
responses to ostracism. However, the social context is not the only potential moderator of
oxytocin effects. A growing body of research suggests that oxytocin effects on social behavior
can also be moderated by interindividual differences, specifically, individual factors related to
people’s relationship experiences and socio-emotional functioning (Radke et al,, 2013; for
reviews, see Bakermans-Kranenburg & Van lJzendoorn, 2013; OIff et al., 2013).

We focus here on a key individual characteristic that could facilitate oxytocin effects
on responses to ostracism—a person’s collectivistic (vs. individualistic) worldview (Triandis,
1995). Individualism and collectivism have been initially shown to vary across cultures
(Triandis & Gelfand, 2012), but they can also vary within cultures (Oyserman, Coon, &
Kemmelmeier, 2002). Collectivism encompasses a greater attunement to the concerns of
one’s group (vs. one’s personal concerns), a sense of connectedness with others (Oyserman &
Lee, 2008), and an interdependent self-construal (Markus & Kitayama, 1991). Due to their
socio-centric commitment, people in collectivistic (vs. individualistic) cultures are driven less
by personal concerns and tend to stay even in unpleasant relationships (U. Kim, 1994). There
is initial evidence for the role of collectivism in oxytocin effects: In a study by Kim et al.
(2011), the same oxytocin receptor gene was associated with either increased or decreased
suppression of emotions in social situations depending on whether the participants lived in a
collectivistic or individualistic culture.

Presumably, collectivist (vs. individualist) participants can more easily activate
knowledge of positive social relations. Because their sense of connectedness is anchored in a
web of social relations, collectivists should be better protected against a single ostracism
experience. Indeed, recent studies suggest that people with a collectivistic outlook recover

more easily from ostracism (Pfundmair, Graupmann, Frey, & Aydin, 2014; Ren, Wesselmann,



& Williams, 2013). Accordingly, people with a collectivistic orientation might be better
equipped for maintaining a sense of social comfort in the face of ostracism (see Knowles,
2013).

This psychological equipment could facilitate effects of exogenous oxytocin on
responses to ostracism. Specifically, we argue that the threshold for protective, discomfort-
reducing effects of oxytocin is lower, and thus more likely to be reached, in people who have
a greater (vs. lower) collectivistic orientation. When people already feel safely anchored in
their interpersonal net to a greater extent (as is true for collectivists), they can be more easily
“comforted” by oxytocin after adverse social experiences. This conceptualization is consistent
with research showing oxytocin reduces avoidance of discomforting social stimuli (angry
faces) to a greater extent in participants who report lower social anxiety and feel safer in
social situations (Radke et al., 2013). According to our rationale, then, oxytocin should be
more likely to prevent negative responses in people who are already protected by a
collectivistic orientation.

We also suspect that some facets of collectivism are more likely to be effective in this
respect. Whereas the vertical type of collectivism emphasizes social obligations from
hierarchies and traditional roles, implying an acceptance of inequality, the horizontal type of
collectivism involves a propensity for cooperative interaction among equals (Singelis,
Triandis, Bhawuk, & Gelfand, 1995; Triandis & Gelfand, 1998). While both types are
characterized by socio-centrism, vertical collectivism capitalizes on concerns about fulfilling
one’s duties within a social structure. Horizontal collectivism, in turn, capitalizes on the need
for interpersonal connectedness (Triandis & Gelfand, 2012). Thus, we propose that a
collectivistic orientation, especially of the horizontal type, is an appropriate personal
condition that facilitates protective effects of oxytocin. Accordingly, oxytocin should be more
likely to alleviate negative responses to an experimentally induced ostracism experience in

people with a horizontal collectivistic (vs. individualistic) orientation.



To test this prediction, participants intranasally administered either oxytocin or a
placebo and were then ostracized or included during Cyberball (Williams et al., 2000), a well-
established procedure to induce strong feelings of being excluded? (e.g., Wesselmann, Wirth,
Pryor, Reeder, & Williams, 2013), even when participants are obviously ostracized merely by
a computer (Zadro et al., 2004). We then assessed participants’ feeling of social comfort, as
indicated by the sense of belonging and socially reflected self-esteem. We chose these two
scales, which have been frequently employed in ostracism research, because they are related
to affiliation behavior (Bernstein, Sacco, Brown, Young, & Claypool, 2010; Williams, 2009)
and are apt to capture the expected social effects of oxytocin (Bartz et al., 2011). We
predicted that under oxytocin (vs. placebo), the drop in social comfort triggered by ostracism
(vs. inclusion) should be weaker in participants with a horizontally collectivistic (vs.
individualistic) orientation. Thus, responses to ostracism should be less negative in
collectivistic participants after oxytocin (vs. placebo) administration, whereas this alleviation
should be lower or absent in individualistic participants.

Method

Participants

Seventy-eight male students from a German university (mean age=24.97 years,
SD=7.38) participated in a study ostensibly investigating hormonal effects on mental
visualization. Negative selection criteria were self-reported symptoms of depression, bipolar,
panic, psychotic disorders, substance dependence, epilepsy, allergies, and hypersensitivity to
preservatives in the oxytocin spray. Two participants who ignored instructions were excluded,
resulting in the above sample. Participants were told to abstain from alcohol and caffeine 24
hours before, and from food and drink (except water) 2 hours before arrival. Written informed
consent was obtained. The study was approved by the LMU Munich Ethics Committee.

Design and procedure



The experiment was based on a 2 (Cyberball Experience: ostracism, inclusion) X 2
(Substance: oxytocin, placebo) design with random assignment to conditions. Social
Orientation (from individualistic to collectivistic) served as a continuous moderator variable.

First, participants self-administered either 24 1.U. (three puffs per nostril) of oxytocin
(n=38; Syntocinon Spray, Novartis) or a placebo (n=40; sodium chloride solution) under
experimenter supervision. They then completed a social-orientation (IND-COL)
questionnaire?. After a 40-min period, which allows oxytocin to be effective (Born et al.,
2002), Cyberball was started. Subsequently, responses to Cyberball (social comfort) and
affective responses were assessed. Finally, participants were debriefed, and paid (€7).

Materials

Ostracism (Cyberball experience). We employed Cyberball (Williams & Jarvis,
2006) to manipulate ostracism. Participants were led to believe that Cyberball concerns
mental visualization skills, and that they were playing with two other participants on an
Internet platform. However, unbeknownst to participants, the other players were computer-
controlled to show the following behavior: During 40 throws, the participants received the
ball roughly one third of the time (inclusion) or twice at the beginning and then no more again
(ostracism).

Social orientation. Participants completed a German version (Graupmann, Jonas,
Meier, Hawelka, & Aichhorn, 2012) of the Individualism and Collectivism (IND-COL) scale
(Singelis et al., 1995) on 9-point Likert scales from 1 (not at all) to 9 (very much). The mean
score for 8 horizontal individualism items (Cronbach’s a=.76) was subtracted from the mean
score for 8 horizontal collectivism items (Cronbach’s a=.76). The mean score for 8 vertical
individualism items (Cronbach’s a=.81) was subtracted from the mean score for 8 vertical
collectivism items (Cronbach’s a=.67). Higher values of the aggregate difference scores

reflect a more collectivistic orientation.



Manipulation check. The effect of the Cyberball manipulation was assessed by two
items (““What percent of the throws were thrown to you?”, “To what extent were you included
by the other participants during the game?”’; the latter on a 9-point scale; Zadro et al., 2004).

Responses to Cyberball. To assess participants’ sense of social comfort in response
to ostracism (vs. inclusion), we asked them to indicate their sense of belonging and socially-
reflected self-esteem (Zadro et al., 2004) on 9-point Likert scales from 1 (not at all) to 9
(very much), translated into German: “I felt poorly accepted by the other participants”, “I felt
as though I had made a ‘connection’ or bonded with one or more of the participants during the
Cyberball game”, “I felt like an outsider during the Cyberball game”, “During the Cyberball
game, | felt good about myself”, I felt that the other participants failed to perceive me as a
worthy and likeable person”, “I felt somewhat inadequate during the Cyberball game”
(Cronbach’s a=.82).

Affective Responses. After the Cyberball game, participants indicated their affect on
the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) on
Likert scales from 1 (not at all) to 5 (very much). We calculated an aggregate score for the 10
positive (Cronbach’s a=.86) and 10 negative items (a=.84), with higher values indicating
more positive affect. To control for possible effects of anxiety, we created a mean score for
the items “distressed”, “scared*, and “nervous” (a.=.72).

Results

We report two-tailed tests, and Cohen’s d or f 2 as effect sizes.

Manipulation Check. As expected, participants in the ostracism condition reported
receiving significantly less throws (M=6.84, SD=6.21) than did participants in the inclusion
condition (M=38.28, SD=14.12), t(76)=-12.61, p<.001, d=-2.89. Ostracized participants felt
significantly more excluded (M=7.66, SD=1.92) than did included participants (M=3.23,
SD=1.95), t(76)=10.10, p<.001, d=2.32. There was no evidence that participants in the

oxytocin and placebo groups differed in their social orientation, t <1, ns.



Interplay of oxytocin and social orientation (horizontal IND-COL). To test the
hypothesized facilitation of oxytocin effects by a horizontal collectivistic orientation, we
calculated a multiple regression with Cyberball experience (ostracism vs. inclusion, centered),
substance (oxytocin vs. placebo, centered), social orientation (individualistic vs. collectivistic,
centered by standardization), and all interaction terms as predictors. Figure 1 shows the mean
scores, for social orientation plotted at 1 SD above and 1 SD below M (Aiken & West, 1991).
In the following, we focus on significant regression results. A complete overview of the
regression findings is given in Table 1.

Participants responded to ostracism with a lower sense of social comfort, as indicated
by a significant main effect of Cyberball experience, b=-1.170, SE=.15, t(70)=-8.00, p<.001,
f 2=.821 (for descriptive statistics, see Table 2). As can be seen in Figure 1, a drop of social
comfort after ostracism (vs. inclusion) was found regardless of social orientation and
substance: All four simple slopes were significantly negative, ranging from b=-1.559 to b=
-.593, ps <.048.

Importantly, the regression analysis also revealed a significant three-way Cyberball
Experience X Substance X Social Orientation interaction, b=.388, SE=.15, 1(70)=2.57,
p=.012, f 2=.048. Slope difference tests (Dawson & Richter, 2006) showed that the drop of
social comfort under ostracism (vs. inclusion) was less steep (i.e., reduced) under oxytocin,
b=-.593, than under placebo, b=-1.557, in collectivistic participants, t(70)=2.30, p=.025. No
such effect was found for individualistic participants, t(70)=-1.40, p=.166. Also, the effect of
ostracism was less steep (i.e., reduced) in collectivistic participants than in individualistic
participants, b=-1.559, under oxytocin, t(70)=2.15, p=.035. No such pattern emerged under
placebo, t(70)=-1.48, p=.144.

To further probe the three-way interaction, we conducted separate analyses for the
oxytocin and placebo group (Figure 1, top and bottom panel, respectively). The Cyberball

Experience X Social Orientation interaction was not significant in the placebo group, b=-.292,



SE=.23, t(36)=-1.25, p=.219, f 2=.025, but it was significant in the oxytocin group, b=.483,
SE=.18, t(34)=2.68, p=.011, f 2=.093. Simple slope analyses revealed that under oxytocin
ostracized collectivistic (vs. individualistic) participants exhibited more social comfort,
b=.807, SE=.27, 1(34)=2.96, p=.006, whereas no such effect was found for included
collectivistic (vs. individualistic) participants, b=-.160, SE=.24, t(34)=-0.68, p=.503. Facing
ostracism, oxytocin-administering collectivistic participants retained a higher sense of social
comfort than did oxytocin-administering individualistic participants. In sum, social orientation
moderated the impact of oxytocin on responses to ostracism (vs. inclusion) in the predicted
ways.

Interplay of oxytocin and social orientation (vertical IND-COL). In our sample,
the correlation between horizontal and vertical collectivism was r(78)=.504, p<.001. To
explore the specificity of the present collectivism effects, we ran the main analyses with
vertical instead of horizontal IND-COL scores. Again, we found a significant main effect of
Cyberball experience, b=-1.136, SE=.15, t(70)= -7.44, p<.001, f 2=.724. There was, however,
no significant Cyberball Experience X Substance X Social Orientation interaction, b=.225,
SE=.16, t(70)=1.45, p=.150, f 2=.016. Thus, there was no evidence that vertical collectivism
had the same effect as horizontal collectivism.

Interplay of oxytocin and integrated social orientation scores (vertical and
horizontal IND-COL). However, the main findings remained largely unchanged when we
used total IND-COL scores, including both the vertical and horizontal type (for details, see
Supplemental Materials). We again found a significant main effect of ostracism, b=-1.152,
SE=.15, t(70)= -7.82, p<.001, f 2=.689, and, importantly, a significant Cyberball Experience X
Substance X Social Orientation interaction, b=.335, SE=.15, t(70)=2.22, p=.030, f =.037. A
slope difference test revealed that the drop of social comfort under ostracism (vs. inclusion)
was less steep (i.e., reduced) under oxytocin (vs. placebo) in more collectivistic participants,

t(70)=1.95, p=.055; this pattern was not found for individualistic participants, t(70)=-1.23,



p=.223. Also, the effect of ostracism tended to be less steep in collectivistic (vs.
individualistic) participants under oxytocin, t(70)=1.81, p=.074. No such pattern emerged
under placebo, t(70)=-1.31, p=.194.

Separate regression analyses for the oxytocin and placebo group revealed a significant
Cyberball Experience X Social Orientation interaction in the oxytocin group, b=.424, SE=.19,
1(34)=2.23, p=.032, f 2=.070. No such interaction effect was found in the placebo group, b=-
247, SE=.22, 1(36)=-1.10, p=.277, f 2=.019. Under oxytocin individualistic and collectivistic
participants appeared to differ in the ostracism condition, as suggested by a simple slope test,
b=.563, SE=.28, t1(34)=2.01, p=.052. This was not the case in the inclusion condition, b=-.284,
SE=.26, t(34)=-1.11, p=.276.

Alternative moderators. We also calculated two regression analyses in which social
orientation was replaced by either affect in general or anxiety in particular (assessed with
PANAS), with Cyberball experience, substance, and all interaction terms as predictors (for
details, see Supplemental Materials). We found no significant three-way interaction, ps>.579.
Thus, affect or anxiety did not qualify as moderators of oxytocin effects on social comfort.
Also, affect and anxiety were not correlated with social orientation, rs=-.04 and .08,
respectively, ps>.512.

Discussion

In our study, responses to ostracism depended on the interplay between oxytocin, a
neuropeptide with demonstrated prosocial effects (e.g., Kosfeld et al., 2005), and participants’
social orientation. Oxytocin alleviated negative responses to an ostracism experience,
specifically the drop in experienced social comfort, in those participants who were more (Vs.
less) motivated to sustain and promote social connectedness with others, as indicated by a
greater orientation toward collectivism, especially of the horizontal type. This protective
effect was not found for participants with a relatively greater orientation toward

individualism. Hence, the administration of oxytocin did not indiscriminately induce



participants to retain a sense of social comfort. Rather, the effect emerged only in
combination with a more collectivistic (vs. individualistic) orientation. As such, our findings
offer an explanation for why oxytocin did not shield against negative responses to ostracism
in the study by Alvares et al. (2010): Oxytocin effects may have remained undetected because
individual-differences in collectivistic (vs. individualistic) orientation were not taken into
account.

According to our rationale, oxytocin can attenuate ostracism effects by inhibiting
discomfort and withdrawal responses to adverse social experiences (Kemp & Guastella, 2011;
Radke et al., 2013). Note that this mechanism does not rely on increased salience or
amplification of social cues. An amplification view would predict enhanced negative
responses to social cues that indicate an antagonistic, or “unsafe,” social environment (OIff et
al., 2013). However, in our study responses to an uncomfortable social situation (ostracism)
were not more negative in the oxytocin (vs. placebo) group (see Table 2).

Previous studies found that oxytocin has prosocial effects when the context is more
(vs. less) conducive to prosocial interaction (Declerck, Boone, & Kiyonari, 2010; De Dreu et
al., 2010; De Dreu, Greer, Van Kleef, Shalvi, & Handgraaf, 2011; for reviews, see Bartz et
al., 2011; De Dreu, 2012a). Our results extend beyond this observed context-dependency of
oxytocin effects by demonstrating that these effects can be qualified by individual differences,
specifically, individuals’ sense of being socially anchored. Apparently, oxytocin increase
alone is not sufficient for socially protective effects; rather, a more (vs. less) collectivistic
worldview allows these effects to unfold. Social orientation has been found to moderate
oxytocin effects on other socially relevant emotional responses (Kim et al., 2011). Thus, we
suspect that a collectivistic worldview not only shapes oxytocin effects in the context of
ostracism, but might moderate oxytocin’s impact in other social contexts as well.

Our findings are consistent with previous studies that have found a moderation of

oxytocin effects on social cognition and behavior by people’s relationship experiences and



preexisting socio-emotional response tendencies (Bakermans-Kranenburg & Van 1Jzendoorn,
2013; Olff et al., 2013). Specifically, the study by Radke et al. (2013) similarly revealed more
social approach to adverse social stimuli in participants who felt generally safer in social
situations and less socially anxious. However, two studies (De Dreu, 2012b; Luminet,
Grynberg, Ruzette, & Mikolajczak, 2011) have found a pattern that may seem opposite to the
observed in our study and the study by Radke et al.: Oxytocin had more beneficial social
effects in participants scoring lower on socio-emotional functioning (higher attachment
avoidance or alexithymia). A closer inspection guided by our conceptualization suggests these
studies differ from the present study and the study by Radke et al. in at least one critical
aspect: The experimental tasks assessed prosocial cognition and behavior rather than
responses to adverse social events (e.g., ostracism or antagonistic social stimuli). Thus, when
it comes to prosocial responses in a safe interpersonal environment (as in De Dreu, 2012b,
and Luminet et al., 2011), oxytocin may help people who tend to avoid social interaction to
overcome these habitual tendencies. In contrast, when it comes to coping with antagonistic
social experiences (as in our study and Radke et al.), oxytocin may be especially effective
(i.e., protective) in people who feel more safely anchored in their close social relationships.
Negative feelings from ostracism are part of an evolved alarm system that signals
unsafe, potentially harmful social conditions (Gruter & Masters, 1986). Could the observed
attenuation of negative ostracism effects in collectivists, then, be maladaptive? We do not
think so. Oxytocin would have maladaptive effects if it eliminated any negative response and
thus forestalled the desire to re-affiliate. However, all of our participants, even those who had
a more collectivistic worldview and were given oxytocin, reported lower social comfort after
ostracism (vs. inclusion). Thus, there was clear evidence for sensitivity to the adverse social
experience in those participants. The attenuation of pain from the single ostracism experience

to a more acceptable level might allow people to engage more easily and quickly in re-



affiliation attempts (Bernstein & Claypool, 2012), which can help restore the threatened need
states (Williams & Nida, 2011). The present effect may be functional in this regard.

Could individual factors other than collectivistic orientation account for our findings?
Collectivism might be (negatively) correlated with social anxiety, which has been found to
moderate oxytocin effects on social approach (Radke et al., 2013), or rejection sensitivity,
which involves a negative affective response to ostracism (Ayduk, Gyurak, & Luerssen,
2008). However, in our study affect and the anxiety subscore were not correlated with
collectivism and did not moderate oxytocin effects on responses to ostracism. Thus, there was
no evidence that the observed pattern is merely a by-product of a more general, anxiolytic
effect of oxytocin.

Self-reported childhood caregiving experience, which could be associated with
horizontal collectivistic orientation, has also been found to moderate prosocial oxytocin
effects (Bakermans-Kranenburg & Van IJzendoorn, 2013; Riem, Bakermans-Kranenburg,
Huffmeijer, & van 1Jzendoorn, 2013). Whereas we did not examine the role of past caregiving
experiences in the present study, we think that collectivism is a more critical and proximal
construct because it captures people’s current construal and experience of social life.

Our measure of social comfort consisted of two scales that are frequently employed in
ostracism research, sense of belonging and socially reflected self-esteem. Consistent with our
rationale, these two needs are often seen as closely related in the ostracism literature, that is,
as components of a common “inclusionary” cluster (Williams, 2009). Both of these needs
have been linked to re-affiliation behaviors (Williams, 2009), and have been shown to
mediate affiliative responses to ostracism (Bernstein et al., 2010). The present effect of
oxytocin, a neuropeptide often serving affiliative needs, is consistent with, and underscores,
the proposed inclusionary component of the two constructs.

In conclusion, our study adds to the growing body of studies revealing the interplay

between neuroendocrinological processes and individuals’ construal of social life. The results



of our study can be explained by a synergy of analogous effects exerted by oxytocin and
collectivistic orientation. Oxytocin inhibits discomfort and withdrawal in antagonistic social
situations and collectivism entails a firm sense of social connectedness. Oxytocin may act as
an additional factor, a “catalyst,” that permits this protective predisposition to become
effective. It is possible that collectivists are more sensitive to exogenous oxytocin, such that
the neuropeptide can more easily affect their responses to social exclusion. Further research is
needed to pinpoint these processes in more detail. In any case, the present effects, if further
corroborated, could also be harnessed in applied domains to help people cope with

experiences of rejection, loneliness, or exclusion.
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Footnotes

1 While the terms ostracism, exclusion, and rejection have been used interchangeably
in earlier research, we would like to draw attention to critical differences. Ostracism is
defined as being ignored and excluded, and it often occurs without explanation or explicit
negative attention, typically during an unfolding sequence of behaviors. Social exclusion is
defined as being excluded, alone, or isolated with or without explicit declarations of dislike,
and occurs after initial interaction and subsequent separation from others or as a hypothetical
consequence in the future. Rejection involves an explicit declaration by an individual or group
that they do not want to interact with a target individual, and also occurs after interaction and
separation (Williams, 2007). The distinctiveness of the three terms is supported by empirical
research, which has shown that manipulations designed to affect one of the three constructs
lead to different consequences. In our research, we use a well-established manipulation of
ostracism, so that we stick to this term consistently.

2 Social orientation was measured immediately after substance administration. The
completion of the measure (IND-COL) took approximately 5 min, and intranasally
administered oxytocin is known to become effective after a delay of approximately 40 min.
Thus, the substance should not affect social orientation responses. Indeed, there was no
evidence that participants in the oxytocin and placebo groups differed in this respect (see
Manipulation Check).

3 The measures employed by Zadro et al. (2004) also cover sense of control and
meaningful existence. We focused on responses relevant to the social effects of oxytocin.
However, the pattern of findings remained essentially unchanged when control/ meaningful

existence were included in the outcome score (see Supplemental Material).



Table 1

Results for the multiple regression with Cyberball experience, substance, social orientation, and all interaction terms as predictors of the main

dependent measure (social comfort in response to the Cyberball game)

Unstandardized Standard error

Standardized

regression for b estimates regression t p

coefficients (b) (SE) coefficients (B)
Cyberball experience -1.170 15 -.68 -8.00 <.001**
Substance 0.115 15 .07 0.78 436
Social orientation 0.204 15 12 1.35 181
Cyberball experience X Substance 0.094 15 .06 0.64 522
Cyberball experience X Social orientation 0.095 15 .06 0.63 530
Substance X Social orientation 0.120 15 .07 0.79 431
Cyberball experience X Substance X Social 0.388 15 22 2.57 .012*
orientation
R? 510
Adjusted R2 461

** < 001, *p < .05



Table 2
Means and standard deviations (in parenthesis) of social comfort as a function of Cyberball

experience (ostracism vs. inclusion) and substance (oxytocin vs. placebo)

Oxytocin Placebo
Ostracism Inclusion Ostracism Inclusion
(n=18) (n=20) (n=20) (n=20)
Social comfort 4.48 6.62 4.07 6.53
(1.33) (0.90) (1.52) (1.41)

Note. Social comfort represents the average of 6 rating items for social belonging and socially
reflected self-esteem (9-point scales), with higher scores indicating a higher sense of social

comfort.
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Figure 1. Social comfort in response to the Cyberball game as a function of Cyberball

experience (ostracism vs. inclusion) and social orientation (plotted at 1 SD above vs. below

the mean) for the oxytocin (top) and placebo group (bottom)



