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The effect of oxytocin on cooperation in a prisoner’s
dilemma depends on the social context and a person’s
social value orientation
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The interactionist approach to the study of exogenous oxytocin (OT) effects on prosocial behavior has emphasized the need to consider both contextual
cues and individual differences. Therefore, an experiment was set up to examine the joint effect of intranasal OT, a salient social cue and the personality
trait social value orientation on cooperative behavior in one-shot prisoner’s dilemma games. The outcome of these mixed-motive games is known to be
highly dependent on values and on social information that might reveal the partner’s intent. Consistent with an a priori hypothesis, OT and social
information interact significantly to affect the behavior of individuals with a proself value orientation: after prior contact with the game partner, OT
enhances cooperative behavior, whereas in anonymous conditions, it exacerbates their intrinsic self-interested behavior. These effects of OT do not hold
for individuals with a prosocial value orientation, whose cooperation levels appear to be more influenced by prior contact with the game partner. Follow-

up hypotheses for why prosocial and proself individuals respond differently to exogenous OT were developed.
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INTRODUCTION

The neuropeptide oxytocin (OT), implicated in regulating reproduc-
tion and social attachment in mammals, is receiving increasing atten-
tion with respect to understanding the roots of human prosocial
behavior. A recently published literature review by Bartz et al
(2011a) on the effects of exogenous OT calls for an interactionist ap-
proach. Their review reveals that both the environmental context and/
or individual differences significantly influence how OT affects behav-
ior, so that, more often than not, OT has a moderating (rather than a
direct) effect on prosociality. These authors additionally suggest that
OT increases the perceptual sensitivity to social cues, which affects
downstream cognition and behavior that is dependent on interpreting
these cues. Thus, by increasing people’s attention to salient social in-
formation in the environment, OT activates affiliative motivation in
congruence with environmental demands. Contextual factors that are
congruent with this motivation increase prosocial behavior, whereas
contextual factors that work against the goal should decrease prosocial
behavior (see also Declerck et al, 2010; De Dreu et al, 2010;
Mikolajczac et al., 2010; De Dreu et al., 2011).

This interactionist approach has so far generated interesting results
that highlight a more all-encompassing role of OT than was previously
believed. Since Kosfeld’s seminal work showing that exogenous OT
increases trusting behavior in an economic game (Kosfeld et al,
2005), other reports have indicated that this effect is not uncondi-
tional. For example, perceptions of the trustworthiness of the partner
matter greatly in the relation between OT and trust-related or coopera-
tive behaviors (Mikolajczac et al., 2010). OT is furthermore sensitive to
group effects. It facilitates cooperation with in-group members but at
the same time hinders cooperation with out-group members (De Dreu
et al., 2010, 2011). Finally, OT appears to enhance coordination on the
cooperative outcome in an assurance game, but this effect is dependent
on participants having had prior contact with their game partners. If
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the interactions proceed completely anonymously, OT caused players
to be more risk-averse (Declerck et al., 2010).

Evidence that OT interacts with individual differences is also accu-
mulating. On the one hand, a number of research findings indicate that
certain stable individual differences in social behaviors correspond to
different endogenous levels of OT. For example, plasma levels of OT
appear to vary with autism spectrum disorder (Modahl et al., 1998),
parenting styles (Feldman et al., 2007; Gordon et al., 2010) and major
depression (Parker et al., 2010). On the other hand, people also differ
in how they respond to exogenous OT. It appears that the enhanced
prosocial effects of intranasally administered OT are especially pro-
nounced for individuals suffering from socio-emotional deficits, as is
the case for individuals with Asperger syndrome (Andari et al., 2010)
or high alexithymia (Luminet et al., 2011). In contrast, Bartz et al.
(2011b) showed that intranasal OT significantly reduced cooperative
expectations (trust) among a population of patients with borderline
personality disorder. These authors further investigated if individual
differences in attachment anxiety (sensitivity to rejection and aban-
donment) and avoidance (desire to avoid close relationships) moder-
ated the effect of intranasal OT on cooperative behavior. Across
borderline personality disorder and control participants, the effect of
OT was most pronounced for anxiously attached individuals, but
diverged depending on how avoidant they were: those with high avoid-
ance responded to OT with decreased cooperative behavior, whereas
those with low avoidance became more cooperative.

Few studies, if any, have examined the combined effect of contextual
and individual differences on the relationship between OT and proso-
cial behavior. This endeavor might be especially fruitful in understand-
ing cooperative behavior in social dilemmas, or in situations where
people are torn between a collectively beneficial but costly outcome vs
a self-serving outcome. Choice behavior in a social dilemma is not only
highly influenced by individual values and motivation (Kollock, 1998;
Camerer and Fehr, 2006; Fehr and Gintis, 2007) but also by social cues
that decrease anonymity, reduce social distance or prime people to
trust their partner (e.g., Hoffman et al, 1996; Bohnet and Frey,
1999; Burnham et al, 2000; Burnham, 2003). Exogenous OT effects
on cooperative behavior in a social dilemma should then depend on
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both individuals’ inclinations (how they value cooperation) and on
how they interpret the social cues. The purpose of this study is to
attempt to unravel the moderating effects of individual differences
and social cues on the relation between OT and cooperative behavior
in a one-shot mixed-motive social dilemma. We propose that individ-
uals who have a proself value orientation will be more affected by
exogenous OT than people with a prosocial value orientation who
are already naturally cooperative. In addition, if OT increases percep-
tual sensitivity, the positive effect of OT on proselfs’ behavior should
be dependent on the presence of salient social cues that enhance social
approach motivation. Before presenting the experiment, we elaborate
on this hypothesis.

Cooperation in a prisoner’s dilemma: the influence of social
value orientation

The prisoner’s dilemma (PD) game is a well-studied paradigm in social
dilemma research. When both players make their decision simultan-
eously, motives of fear and greed pull people towards non-cooperation.
A pay-off matrix for the PD game is shown in Figure 1.

While mutual cooperation is collectively the most efficient choice
(outcome L, K in Figure 1),' a greedy person can always obtain a better
outcome by defecting (choosing S). Anticipating this, a cooperative but
fearful person will defect too (choosing P). As a result, defect is the
dominant strategy in the PD game, and mutual defection (outcome S,
P) is the only Nash equilibrium. Public radio stations, blood banks or
carpooling efforts are real-life examples of multiple-players PD games.
They only continue to exist when enough people choose to support
them through personal contributions rather than free-ride on the
goodwill of others. Greed appears to be a stronger motive for free-
riding in these types of dilemmas compared with fear (van de Kragt
et al., 1983; Dawes et al., 1986). When players in a PD game decide
sequentially, the ‘second mover’ already knows the decision of the “first
mover’. This removes the fear of betrayal for the second player all
together, so that greed remains as only obstacle for cooperation.

When played only once without the possibility of reputation bene-
fits, the PD offers no cooperative incentives. Hence the outcome of this
game is highly dependent on intrinsic values. The personality trait
social value orientation (SVO) captures how a person intrinsically
values outcomes for self vs other and tends to have much predictive
value with respect to behavior in social dilemmas (reviewed in Bogaert
et al., 2008). Although many different SVOs have been identified
(Messick and McClintock, 1968), most experimental research distin-
guishes between two opposing types, proselfs and prosocials (Van
Lange, 2000). A proself value orientation indicates that this individual
has a stable preference for maximizing own benefits and prefers a self-
serving option over a collectively efficient one. In contrast, an individ-
ual with a prosocial value orientation prefers equal outcomes the most
(Van Lange, 2000; Simpson, 2004; Van Lange et al, 2007).
Accordingly, in a one-shot anonymous PD game, proself individuals
cooperate significantly less than prosocials, and this is true regardless
of whether the game is played simultaneously or sequentially (Boone
et al., 2010).

Developing a hypothesis regarding the moderating role of
exogenous OT

The hypothesis that exogenous OT increases a player’s cooperative
behavior in a PD game depending on both his/her SVO and the
social context extends previous research indicating that OT enhances

" The letters L, K, S and P were chosen at random to denote the options that participants in an experiment can
choose given the pay-off matrix shown in Figure 1. We purposefully avoided using the more typical ‘option A versus
option B’ (or option 1 vs 2) to avoid possible experiential biases. For similar reasons, we avoided using ‘C’ for
cooperate and ‘D’ for defect.
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Fig. 1 Pay-off matrix for a prisoner's dilemma.

approach motivation in congruence with environmental demands. Our
first postulate is that OT will especially affect proself individuals, given
their low intrinsic motivation to cooperate. This proposition is in line
with other findings that intranasally administered OT increases gener-
osity (Zak et al., 2007) and approach behavior in socially deficient
individuals (Andari et al, 2010; Luminet et al,, 2011). However, we
do not imply that proselfs are socially deficient (on the contrary), but
rather that they are not naturally motivated to take others’ needs into
account in social interactions. Proselfs do not enjoy a mutual coopera-
tive outcome as much as prosocials do (Simpson, 2004), making them
‘cold’ in their rapport with others. In a PD game, they tend to make
economic decisions that are lucrative, irrespective of what is good or
bad for other people, thereby abiding by the collectively deficient Nash
equilibrium (Boone ef al, 2010). Because OT stimulates dopamine
release in the mesolimbic dopaminergic reward system (Depue and
Morrone-Strupinsky, 2005), it has been suggested that OT can posi-
tively influence prosocial behavior by linking approach behavior to the
capacity to experience reward from social interaction (Insel, 2003;
Campbell, 2008). Such a mechanism would motivate proselfs to co-
operate by making it socially (rather than economically) rewarding.
From previous research, we also know that context matters in the
relation between OT and prosocial behavior (Declerck et al., 2010;
Bartz et al, 201la; Radke and de Bruijn, 2012). Therefore, our
second postulate is that if OT is to positively influence the affiliative
motivation of proselfs, this will depend on the presence of salient social
information that draws attention to others and to the social nature of
the interaction. Increasing social approach behavior is not always war-
ranted, and the finding that, at the cellular level, OT is a neuromodu-
lator with both excitatory and inhibitory effects in neurons of the
central amygdala (Huber et al, 2005) suggests that the behavioral
effect of OT can go both ways. Indeed, OT appears to suppress activity
in one region of the amygdala in response to fearful faces (lowering
anxiety), but OT can also enhance activity for happy faces in another
part of the amygdala (Gamer et al., 2010). OT regulates bonding as well
as selective aggression in pair-bonded prairie voles (Young et al., 2008)
and in lactating rats (Leng et al., 2008). Similarly, in humans, it would
make sense that OT should only stimulate approach behavior when
cues indicate that it is safe or when the interaction is likely to be
pleasant. Already experimental results indicate that OT enhances the
perceptual sensitivity to social cues. It increases the accuracy of peo-
ple’s perceptual judgments of others’ emotions and intentions (Domes
et al., 2007), improves recognition memory (Savaskan et al., 2008) and
stimulates eye contact (Guastella et al., 2008). In children diagnosed
with autism spectrum disorder, plasma OT administration tends to
improve social information processing and increases the number of
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self-initiated social interactions (Hollander et al, 2007). If OT is to
enhance the cooperative motivation of proselfs in a PD, it is expected
to be conditional on the presence of a social cue that facilitates trusting
or liking the other person. In the presence of such a positive social cue,
we expect that proselfs, who are normally greedy, will become more
prosocially motivated (by feeling more affiliation with the partner)
when they receive OT. Instead of exploiting the social information
generated by the social cue and succumbing to the temptation to
defect in a PD game, OT will cause them to be more generous and
cooperative. In an anonymous interaction, however, OT cannot en-
hance social motivation (because there is no identifiable partner to
affiliate), but instead might reinforce their intrinsic self-interested
nature.

In conclusion: we expect a three-way interaction between exogenous
OT, social cues and SVO. Specifically, we hypothesize that OT en-
hances the cooperative decisions of proselfs more than prosocials in
the presence of salient social cues. However, in anonymous inter-
actions, OT is more likely to not affect or even to decrease the co-
operative decisions of proselfs compared with prosocials.

METHODS

Participants were 259 university students (119 male, average
age=20.2, s.d.=2.4) recruited from different departments through
Web mail. Exclusion criteria for participating included any medical
or psychiatric illness, pregnancy, substance abuse, smoking >15 cigar-
ettes per day and the consumption of medication or alcohol during the
past 12 h preceding the experiment. Participants were informed that
this was a study investigating the effect of a hormone on decision
making. Full anonymity was guaranteed at all times, and monetary
incentives were emphasized. The study was approved by the
University of Antwerp Ethics Advisory Commission.

Procedure

The experiment was conducted in eight sessions (with a minimum of
30 and a maximum of 36 participants per session). Participants in each
session first gathered in one large classroom to fill out a consent form
and a short questionnaire that included the SVO assessment. Next,
they were then split into four groups (approximately eight per
group) and guided to another classroom for the OT administration
and actual experiment. Using a double-blind procedure, each partici-
pant received a nasal spray containing either OT (four IU per puff) or a
placebo (containing only the carrier and no active ingredients). One
puff was administered in each nostril, and this was repeated three times
in 5-min intervals (24 IU OT total). To allow sufficient time for OT to
diffuse through the brain-blood barrier, participants waited for an
additional 30 min after the last puff (Born et al., 2002). During this
entire time, participants did not talk to each other. An experimenter
who was blind to the purpose of the experiment supervised the pro-
cedure and stayed in the room the entire time.

Manipulation of the social cue

Following the procedures of Boone et al., (2008), the presence or ab-
sence of a social cue was manipulated by allowing one group to have a
brief moment of prior contact with their game partner, whereas the
other group did not. During the 30-min waiting period, participants in
half of the experimental sessions (7= 128) were called one-by-one out
of the experimental room to meet in another group of eight inside a
conference room. Thus each participant met seven other people who
were participating in the experiment but were sitting in different
rooms. They were asked to introduce themselves by name, state their
favorite hobby and shake hands with everybody. The interaction lasted
around 5min. This is the ‘prior contact’ group. The ‘anonymous’
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group remained in the experimental room at all times and spoke to
nobody other than the room supervisor.

Previous research has shown that this prior contact manipulation
significantly increases game players’ expectation of reciprocity, as well
as overall cooperation levels in repeated public good games. This re-
search also suggests that prior contact may serve as a trust signal, as
players also showed more trusting behavior by investing more in a
trust game (Boone et al., 2008).

The PD games

All participants played three one-shot interactive games: a simultan-
eously played PD (hereafter referred to as simPD), a sequentially
played PD (or seqPD) and an assurance game. Only the results of
the two PD games are reported here. An earlier study (Declerck
et al., 2010) comparing only the effects of OT and prior contact on
cooperation reported a significant interaction for the assurance game,
but not for the PD. The current study follows up on the latter finding
and tests if the previously reported null effect in the PD might be due
to individual differences in SVO. To increase statistical power and
external validity, we pooled the data of the simPD and the seqPD.
Both games have the exact same pay-off structure but differ in their
procedure (explained later). By including both games into the analysis,
we accomplish two goals. First, adding variability to a predicting factor
increases the generalizability of statistically significant results. Second,
by analyzing two decisions per individual in panel data form, we also
account for within-subject variability. The data of the assurance game
are not included in this analysis because the pay-off structure of this
game differs substantially from that of a PD. The temptation to defect
is replaced with a cooperative incentive, hence the assurance game is
not suited to test hypotheses with respect to greed. In contrast, greed is
a major reason to defect in the simPD, and the only reason to defect
for a second player in the seqPD (van de Kragt et al., 1983; Dawes et al.,
1986), further justifying pooling the data from the two games to test if
OT increases the social motivation of self-interested individuals who
typically defect. Furthermore, in experiments that make use of a re-
peated PD game format, the data from all trials are also typically
combined, despite the fact that the trials are not conceptually equiva-
lent. The first trial is devoid of any information regarding the partner,
and hence resembles our one-shot anonymous PD. But in subsequent
trials, the partner’s general behavior is revealed by the feedback of his/
her decision in the previous round, somewhat similar to a sequential
PD but played with the same partner in each round (e.g., Boone et al.,
1999).

Before playing the games, written instructions were given to each
participant and these were additionally read out loud by the room
supervisor. They were told that for each game, they were pre-matched
with a different partner who was sitting in another room. Pre-match-
ing occurred on the basis of the OT bottle numbers. In each game, they
were to make one decision for which real money could be earned. How
much would depend on their decision as well as on the decision of
their partner. The money they earned based on their combined deci-
sions would be computed at the end of the experiment and paid to
them in full. In the prior contact condition, the instructions also ex-
plained that participants had been matched with one of the people they
had just met but was now sitting in a different room. Note that this
prior contact manipulation does not allow exact identification of the
partner, which prevents possible retaliation or reputation effects. To
ensure that all participants adequately understood the monetary pay-
offs, the game instructions also included eight questions that had to be
answered correctly before continuing with the actual experiment. The
answers were checked by the room supervisor.
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For each game, participants received a booklet depicting the pay-off
matrix shown in Figure 1. They recorded their decision (choosing the
cooperative or the defect option) directly in the booklet, which was
subsequently collected by the experimenter to compute the pay-offs.
Separate booklets were provided for each game, emphasizing the fact
that the games comprised single interactions with different partners.

The order in which the simPD and the assurance games were played
was reversed in half the sessions. In neither of these games was the
decision of the other player revealed, so the outcome of one game
could not have affected decisions in the other games. The seqPD was
always played last and thus could also not have affected decisions in the
former. Instructions in the seqPD booklet explained that the partici-
pant was now the ‘second player’ and that the decision of the ‘first
player’ would be revealed. Because we were only interested in how the
participant reciprocated a cooperative decision, every participant re-
sponded to a pre-determined decision indicating that the first player
had cooperated.

Participants were paid in truth their actual earnings. Except for the
seqPD, pay-offs were computed based on actual partner matching.
Debriefing occurred by sending each participant an e-mail referring
them to a Web site with a full description of the intent, procedures and
results of the experiment.

Variables and analysis

The dependent variable is a bivariate indicating whether- the partici-
pant cooperated in the one-shot simPD and seqPD. Cooperation is
coded 1, defection coded 0. The independent variables are OT (coded
1, vs placebo, coded 0), prior contact (coded 1, vs anonymous, coded
0) and SVO (prosocial, coded 1, vs proself, coded 0).

SVO was assessed using the 9-item, triple dominance decomposed
measure, which distinguishes between a cooperative, individualistic
and competitive orientation. Respondents are classified into one of
these three orientations if they make six of nine choices consistent
with one orientation (e.g., Van Lange et al., 1997; Van Lange, 2000).
As is usually done, the individualistic and competitive orientations are
combined to form the proself orientation. Thirty-nine participants
(15%) did not make consistent choices and could therefore not be
classified.” Following standard practice, we dropped these subjects
from subsequent analyses (leaving n=220). The reliability and validity
of the 9-item decomposed measure has proven to be adequate in pre-
vious research and is reviewed elsewhere (Au and Kwong, 2004;
Bogaert et al., 2008).

Several control variables are included in the logistic regressions that
test the main hypothesis; these are the order in which the games were
played (0 if the PD was played first, 1 if it was played second), sex
(0 =female; 1 =male) and age. The latter two variables are included
because previous studies have reported age (Van Lange et al, 1997)
and sex effects (Van Vugt et al., 2007) on cooperative behavior in a PD
game. The type of game is added as a dummy (simPD coded 1, seqPD
coded 0).

To test the main and interaction effects of the independent and
control variables on cooperative decisions, the data from the two
games are pooled, yielding 440 observations (2 decisions x 220 indi-
viduals). Pooling data is recommended to increase statistical power
and the efficiency of the statistical estimates (Wooldridge, 2010).
However, as both decisions cannot be assumed to be independent,
we test the effect of our variables by means of logistic regressions for

2 Typically, around 10% of the participants in experiments remain unclassified using the triple dominance
decomposed measure (Au & Kwong, 2004). Although information loss is a drawback of this method, most research
in this domain uses the bivariate SVO variable rather than a continuous measure (see Bogaert et al,, 2008 for a
review).
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panel data (STATA 9, xtlogit command). To control for unobserved
heterogeneity between variables, we use a random effects model that
accounts for clustering of observations per individual. Pooling the data
of both games is the optimal strategy to test the proposed hypothesis if
we can show (i) that the type of game does not interact with OT to
affect cooperation, and (ii) that the pattern of cooperative decisions
made by prosocials and proselfs in the various experimental conditions
remains stable across games. Fulfillment of the latter requirement is
illustrated by the decomposed figure in Appendix A. The main effect of
game and the interactive effect of OT x game are tested with logistic
regressions (Table 1).

RESULTS

The sample comprised 96 prosocials (48 men and 48 women, average
age 20.35+2.1) and 124 proselfs (59 men and 65 women, average age
20.15+£2.5). Consistent with previous studies (reviewed in Bogaert
et al., 2008), cooperation levels are higher for prosocials. They coop-
erated 50% of the time, whereas proselfs cooperated 18% of the time
()(2 =51.90, P<0.001, n=440 decisions).’

The results of the logistic regression analyses are reported in Table 1.
Model 1 shows that neither the type of game, nor prior contact, nor
OT has a significant main effect on cooperation. SVO is the main
predictor of cooperation (B=2.42, P<0.001). The results of Model
2, showing that OT does not affect cooperation differently according to
the type of game, justifies pooling the data to test the remaining inter-
active effects.* Model 3 indicates that none of the two-way interactions
between SVO, prior contact, and OT is significant. Thus OT does not
significantly increase the cooperative behavior of proselfs when social
cues are not taken into account. Model 4 shows that the estimate of the
hypothesized SVO x OT x prior contact interaction is strongly signifi-
cant (B=—4.88, P<0.002).”

This interaction is illustrated in Figure 2A. For proselfs, OT tends to
enhance cooperation when there is prior contact (30% cooperative
decisions with OT, and only 14% cooperative decisions with a placebo,
x2 =4.64, P<0.05, n=116 decisions), whereas it hinders cooperation
in the anonymous condition (11% with OT, vs 24% with placebo,
x>=3.94, P<0.05, n=132 decisions), supporting our hypothesis
that OT changes the social motivation of proselfs in congruence with
the social cue (prior contact vs anonymous).

For prosocials in the anonymous condition, there is no difference in
cooperation between the OT and the placebo group, 43% of the deci-
sions with OT are cooperative, vs 38% with the placebo (x*>=2.86,
P=10.59, n=106 decisions). Unlike hypothesized, their cooperation
levels in the prior contact condition differ significantly. Prosocials co-
operate less when they received OT (52%) in comparison with the
placebo (75%, Xz: 4.77, P<0.05, n=286 decisions). Inspection of

3 Cooperation in one-shot simultaneously played PD games is highly influenced by the pay-off to defect and
individual differences. The cooperation levels in this study fall well within the range of previously published results.
For example, Frank et al. (1993) reported between 28% and 47% cooperation depending on whether participants
were economic majors or not. Simpson (2004) reported 26% cooperation for proselfs and 63% for prosocials.
Kiyonari et al. (2000) reported an overall cooperation level of 37.5% for a population of Japanese students, whereas
Boone et al. (1999) report 17% for Dutch economic students.

* We also repeated this analysis without the control variables and separately for the four experimental conditions
(prosocials vs proselfs in anonymous vs prior contact conditions). In none of these models did the variable ‘game’ or
the interaction ‘game x OT" exert a significant effect on cooperation.

5 As a robustness check, we repeated the logistic regression analyses using the ‘number of prosocial decisions
(values 1 through 9)’ as a continuous variable. The results are nearly identical. The main effect of ‘number of
prosocial decisions’ on cooperation (computed exactly as in Model 1, Table 1) gives an unstandardized B = .30
(P<0.001). The three-way interaction effect of ‘number of prosocial decisions’, OT and prior contact on cooperation
(computed as in Model 3, Table 1, n =518) gives an unstandardized B = —0.51 (P < 0.005). Note that in these
analyses, n = 518 (259 individuals x 2 decisions) because no data are lost on unclassified individuals. These results
are consistent with previous results that have compared analyses using either a bivariate or a continuous SVO
measure, and found no statistically significant differences (Declerck & Bogaert, 2008; Sheldon, 1999).
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Table 1 Unstandardized coefficients for the logistic regressions with random effects
performed on panel data and clustered on each individual

Predictor Dependent variable: cooperation
Model 1 Model 2 Model 3 Model 4

Order 0.32 (0.39) 0.32 (0.39) 0.32 (0.39) 0.43 (0.39)
Sex —0.52 (0.39)  —0.52 (0.39) —0.54 (0.39)  —0.44 (0.39)
Age 0.26** (0.08)  0.26** (0.08) 0.25** (0.08)  0.25** (0.08)
Game —0.38 (0.28)  —0.61 (0.39) —0.38 (0.28)  —0.39 (0.28)
Prior contact 0.86 (0.39) 0.86 (0.39) —0.20 (0.69)  —1.09 (0.80)
0T —0.24 (0.39)  —0.46 (0.47) —0.25 (0.68)  —1.48 (0.79)
SVo 242%* (0.42)  2.43** (0.42) 2.17** (0.68)  1.02 (0.74)
0T x Game 0.46 (0.55)

SVO x prior contact 0.94 (0.79) 3.42%* (1.15)
SV0 x 0T —0.43 (0.78) 1.83 (1.06)
0T x prior contact 0.40 (0.78) 2.87% (1.13)

SVO x OT x prior contact —4.88%* (1.60)

Constant —7.65%* (1.73) —0.757** (1.73) —7.16** (1.79) —6.62** (1.76)
Wald »2 4418 44.53 4538 48.61
N 440 obs. 440 obs. 440 obs. 440 obs.

(220 Ind.) (220 ind.) (220 ind.) (220 ind.)

0T, oxytocin (coded 1; placebo coded 0); SVO, social value orientation (prosocial coded 1, proself 0);
prior contact (coded 1; anonymous condition coded 0); game (simultaneous PD coded 1; sequential
PD coded 0). Cooperation is the dependent variable (1 = cooperate, 0 = defect). Age, sex (1 = male;
0 =female), the order in which the games were played (0 if PD played first; 1 otherwise) and a
dummy controlling for the type of game are added to the model as control variables. Standard errors
of the regression coefficients are added in parentheses. *P < 0.05, **P < 0.01, two-tailed.

Figure 2 and of the decomposed figure in Appendix 1 reveals that
prosocials tend to increase their cooperation levels especially in re-
sponse to prior contact, but that cooperation remains relatively
stable across conditions in response to OT.

Surprisingly, and unlike in a previous study, which reports on a
repeated social dilemma game (Boone et al, 2008), there was no
main effect of prior contact. Instead, we find a complex interactive
effect with SVO and OT. For proselfs, prior contact is essential for
exogenous OT to boost cooperation, whereas in its absence, OT sig-
nificantly decreases cooperation (see the significant three-way inter-
action in Table 1, Model 3). For prosocials, prior contact by itself
suffices to increase the level of cooperation in the placebo condition.
But, unexpectedly, prior contact in combination with OT reduces their
cooperation level back to baseline.®

Sex has neither a main effect on cooperation (see Table 1, Model 1;
B=-0.52, P=0.18), nor does it interact with OT (B=0.42, P=0.58,
n =440 decisions), with SVO (B =0.59, P=0.45, n= 440 decisions) or
with prior contact (B=—0.1.42, P=0.075, n=440 decisions).

DISCUSSION

This study adds to the growing body of evidence that the relation
between OT and cooperation is not straightforward. By investigating
the combined effect of an important social cue (prior contact) and a
stable individual difference (SVO), we have shown that, at least in a
social dilemma situation where greed is known to affect behavior, it is
crucial to consider both these influences to reveal how OT affects co-
operation. Specifically, the data show that, compared with a placebo,
OT-exposed proselfs (who are by nature selfish) become more co-
operative in a PD when they had prior contact with their potential
game partners, whereas they become even less cooperative when their
partner remains completely anonymous. These results corroborate the

®In the placebo condition, prosocials decided 75% on the cooperative decision with prior contact, and only 38% in
the anonymous condition, and this difference is significant (XZ:12.95, P<0.001, n=100 decisions). In the
oxytocin condition, this difference was not significant (52% cooperative decisions in the prior contact condition and
43% in the anonymous condition, x>= .70, P=0.40, n =92 decisions).

C. Declerck et al.

a priori hypothesis that exogenous OT increases both the perceptual
sensitivity to social cues and the social motivation of otherwise greedy
proselfs. When the partner is made salient through the combination of
prior contact and OT, proselfs become more generous. In contrast, the
combination of OT and an anonymous partner exacerbates their self-
interested motive.

An unexpected but particularly interesting finding of this study is
that prosocials respond to OT and social cues in the opposite way of
proselfs, and that, compared with a placebo, OT appears to decrease
cooperation in the prior contact condition. However, this does not
necessarily mean that OT makes prosocials greedier, as the decom-
posed figure in the Appendix reveals that (i) the level of cooperation
of prosocials remains the same (and higher than that of proselfs) in all
four OT conditions (even in the seqPD where greed would lead to
defect), and (ii) cooperation of prosocials increases in the prior contact
condition. Thus the relevant question is why OT would partly coun-
teract the positive effect of social cues among prosocials when there has
been prior contact. The latter finding suggests that exogenous OT
would make prosocials less sensitive to context, which seems to contra-
dict OT’s presumed role of increasing the saliency of social cues re-
ported earlier (e.g., Declerck et al., 2010). Further inspection of the
Appendix shows that, in the prior context condition of this study, the
different cooperation levels between prosocials and proselfs seem to
diminish under the influence of OT. From an evolutionary point of
view, it may make sense that OT would have such a ‘leveling-off’ effect
on social behavior that varies depending on an individual’s intrinsic
personal inclinations. To avoid extreme asocial behavior of selfishly
inclined individuals, OT would make them more sensitive to cues that
enhance their social motivation. To avoid extreme gullibility of natur-
ally cooperative prosocials, OT might cause them to be more cautious,
even to ignore social cues. This explanation is compatible with other
recent studies that have reported reduced sensitivity to specific con-
textual cues after OT administration. Compared with a placebo, par-
ticipants given OT were less sensitive to cues that stimulated
perspective taking of an anonymous partner in an interactive economic
game (Radke and de Bruijn, 2012). The authors explain this finding as
a protective response to avoid being generous outside of one’s in-
group. An earlier study by Baumgartner et al. (2008) reported that
participants in a trust game tend to discount feedback information
regarding their partner’s unreciprocal behavior more so when they
are given intranasal OT compared with a placebo. This effect occurred
after several positive interactions in a trust game, a condition that has
previously been shown to boost endogenous OT (Zak et al., 2004). A
possibility worth exploring in future research is to test if this ‘leveling-
off effect of exogenous OT occurs when endogenous OT levels are
high, and whether this is mainly the case for prosocial individuals.

The finding that cooperative behavior can be negatively influenced
by OT in certain conditions is consistent with recent research pointing
to other anti-social effects of OT, such as parochialism and out-group
aggression (De Dreu et al., 2010, 2011), increased envy and schaden-
freude (Shamay-Tsoory et al., 2009) and decreased generosity towards
strangers (Radke and de Bruijn, 2010). Together these research results
contradict the previously held notion that OT only or primarily
boosted prosociality, and further highlights the importance of con-
sidering the combination of contextual influences (Radke and de
Bruijn, 2010) and individual differences (Bartz et al. 2011b). The diver-
ging pattern of behavior shown by proselfs and prosocials in this ex-
periment suggests that it is essential to understand more basal
processes mediated by OT, such as changes in social motivation and/
or perceptual sensitivity, to explain downstream cognition that in turn
influences cooperative decision making (Churchland and Winkielman,
2012).
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Fig. 2 Percent cooperative decisions made by proselfs (A) and prosocials (B) in the four experi-
mental conditions. Each individual made two decisions (one in the simultaneous and one in the
sequential prisoner’s dilemma game). SEs represent standard errors of average percentages. Sample
sizes for proselfs (A): anonymous condition with placebo, n=50; with oxytocin, n =82; prior
contact condition with placebo, n=66; with oxytocin, n=50. Sample sizes for prosocials (B):
anonymous condition with placebo, n =60, with oxytocin, n =46, prior contact condition with
placebo, n =40; with oxytocin, n = 46.

An alternative explanation for the finding that OT stimulates co-
operation in the prior contact condition among proselfs—brought to
our attention by a reviewer—is that OT reduced social anxiety of pro-
self individuals, which then facilitated cooperation. Although we
cannot rule this out, reduced anxiety cannot be a sufficient reason
accounting for the increased level of cooperation in proselfs. First, in
the seqPD, there is no possibility of betrayal and hence no reason to be
anxious when cooperating. Second, proselfs differ from prosocials in
their willingness to cooperate. In a PD, they therefore choose to defect
even when they trust their partner to cooperate (Boone et al., 2010).
Hence anxiety due to betrayal aversion is not likely to be an important
motive for proselfs.”

A major contribution of this study is that the results generate new
research questions. First, these results point at the importance of con-
sidering extrinsically motivating factors in the environment when
investigating the prosocial influences of OT. One such factor is the
type of incentives that are present in a decision context. The three-way
interaction between OT, prior contact and SVO reported here is spe-
cific to the PD and is not replicated in an assurance game. In this game,
the pay-off structure has been changed so that the temptation to defect
is replaced by a strong incentive to cooperate. Because in this game

7 The relation between anxiety, betrayal aversion and OT has proven to be complex and may further depend on
attachment styles (Baltz, 2012). If OT modulates how particular individuals deal with social anxiety, then the more
betrayal-averse prosocials might be more sensitive to OT in situations that elicit anxiousness (such as the simPD,
see Appendix). Future measurements of anxiety together with SVO might reveal additional reasons for why
prosocials and proselfs respond differently to OT.
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prosocials and proselfs are equally motivated to cooperate, it is not
surprising that SVO has no additional influence beyond the
OT x prior contact effect reported earlier (Declerck et al., 2010).
Only in the absence of cooperative incentives, when mixed motives
encourage defection, do individual differences in SVO matter. This is
an important conclusion that might also explain why De Dreu et al.
(2010) found no moderating role of SVO on the relation between OT
and cooperative behavior in an intergroup prisoner’s dilemma (IPD)
game. These authors report that in the presence of an out-group, OT
facilitated cooperation in the in-group, and this effect was similar for
prosocials and proselfs. We believe this to be due to the structural
changes generated by the IPD, which, compared with the PD, enhance
the motivation to cooperate. By introducing competition between the
in-group and the out-group, the optimal strategy in the IPD is for all
in-group members to contribute, which results in the largest payoff to
the in-group (Bornstein, 2003). Knowing that each player’s contribu-
tion becomes critical to win the competition incentivizes rational
players to cooperate in the IPD (reviewed in Bornstein 2003), and
these extrinsic incentives should hold for proselfs and prosocials
alike. The idea that cooperative incentives in economic games override
the moderating effect of SVO on the relation between OT and behavior
could further be tested in an iterated PD game. The accruing benefits
during repeated interactions make mutual cooperation much more
attractive in the long run and are therefore a great incentive to co-
operate, as has been documented in the literature many times before
(e.g., Boone et al., 1999). We hypothesize that, similar to the assurance
game and the IPD, cooperation levels in an iterated PD may be
enhanced by OT and salient social cues, but that there will be no
additional moderating effect of SVO.

Second, future neuroimaging studies should try to disentangle how
the different neural pathways by which OT affects social behavior are
related to individual differences. On the one hand, OT is known to
stimulate dopamine release in the nucleus accumbens, by which it may
directly improve approach motivation (Depue and Morrone-
Strupinsky, 2005; Skuse and Gallagher, 2008). On the other hand,
there are several reports that OT reduces social anxiety by attenuating
the amygdala response to fearful social signals (Kirsch et al., 2005;
Baumgartner et al., 2008). If the interpretations of the data set forth
in this article are correct, proselfs would be more sensitive than pro-
socials when it comes to OT’s actions on brain regions involved in
social approach motivation, such as the nucleus accumbens and the
subgenual area. Prosocials on the other hand might be more sensitive
to OT’s effect on the amygdala—hypothalamus stress axis, and find
relief in OT’s stress-reducing actions. It would be interesting to test
if indeed individual differences in neural sensitivities to social stress vs
social motivation explain why exogenous OT evokes different re-
sponses in a heterogeneous population.

Third, effort should be directed at understanding how individual
differences in responses to exogenous OT are related to both endogen-
ous levels of OT and genetic polymorphisms. Already there are many
indications that stable individual differences in prosocial tendencies
have a genetic root and that they correspond to polymorphisms in
the oxytocin receptor (OXTR) gene. A number of single-nucleotide
polymorphisms have been associated with differences in prosociality
(Bakermans-Kranenburg & Van Ijzendoorn, 2008, Rodrigues et al.,
2009; Riem et al,2010; Tost et al., 2010). The SVO construct itself
has been characterized by a specific haplotype of the OXTR gene
(Israel et al, 2009). At least three single-nucleotide polymorphisms
and one four-locus haplotype appear to be significant predictors of
the prosocial-proself dichotomy. However, how exactly OT receptor
genes relate to endogenous OT on the one hand and to neuropeptide
functions in the central nervous system on the other hand is greatly in
need of further research. Currently, endogenous OT assessment
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methods (Szeto et al., 2011) and interpretations of the relation between
plasma OT levels and corresponding central nervous system functions
are still contested (Meyer-Lindenberg et al., 2011; Churchland and
Winkielman, 2012). Incorporating the role of individual differences
might be promising in this domain. For example, there are some re-
ports that in women, peripheral OT reactivity serves as a marker of
relational distress (Tabak et al., 2011), and it has been suggested that
these high OT levels in conjunction with positive affiliative contact
may serve to motivate approach behavior to seek new friendships
and reinstate normal social functioning after conflicts (Bartz and
Hollander, 2006; Taylor, 2006). For future research, we suggest inves-
tigating if (i) prosocials show greater endogenous OT reactivity and
(ii) if the effect of exogenous OT on prosocials also varies depending
on the level of conflict in a situation. This would give further insights
into the possible ‘leveling-off’ effects of exogenous OT (as suggested
earlier) to avoid extreme asocial or social behaviors.

Finally, the integrationists approach to the study of OT will benefit
by taking into account several modulating influences to approach the
complexity of human interactions. Gaining understanding in how en-
dogenous and exogenous OT interact, together with the underlying
neural pathways and genetics, will also spur progress in translational
medicine (Bora et al., 2009; Meyer-Lindenberg et al., 2011), whereby
exogenous OT could serve as a therapeutic agent for individuals with
social deficits. Realizing that exogenous OT may have negative as well
as positive influences on prosocial behavior depending on context and
personality is a major breakthrough for research in this domain.
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Fig. 3 Percent cooperative decisions made by proselfs (A) and prosocials (B) in the four experi-
mental conditions and decomposed for the simultaneous and the sequential prisoner's dilemma
game. Each individual made one decision per game. SEs represent standard errors of average
percentages. Sample sizes for proselfs: anonymous condition with placebo, n = 25; with oxytocin,
n=41; prior contact condition with placebo, n=33; with oxytocin, n =25. Sample sizes for
prosocials: anonymous condition with placebo, n = 30; with oxytocin, n = 23; prior contact condition
with placebo, n = 20; with oxytocin, n=23.
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