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Abstract
■ Cooperation involves intentional coordinated acts per-

INTRODUCTION
Many human and nonhuman activities are performed in
cooperation and involve the coordination of voluntary acts
to potentially generate benefits that could not have been
brought about individually (Brosnan & de Waal, 2002). In
nature, cooperation has been noted among many species
in a variety of behavioral strategies, including within-group
aggressive alliances, intergroup aggression and defense,
and group hunting (Hall & Peters, 2008; Heinsohn &
Packer, 1995; Scheel & Packer, 1991; Boesch & Boesch,
1989; Kruuk, 1972). Synchronized coordinated behaviors
have also been noted in other contexts of social behaviors, such as in ritualized aggression in territorial disputes (Beecher, Campbell, & Nordby, 2000; Serpell,
1981; Schuster, 1976). In mating rituals, it has been suggested that the level of behavioral matching provides a
criterion for mate selection by evoking psychological states
of attraction (Spoon, Millam, & Owings, 2006; Maynard
Smith, 1978).
In humans, synchronized behaviors manifest themselves
in behavioral matching, whereby individuals tend to coordinate their actions and mimic the postures or actions
of others with or without awareness or conscious intent
(Noy, Dekel, & Alon, 2011; Richardson, Marsh, & Baron,
2007; Richardson, Marsh, Isenhower, Goodman, &
Schmidt, 2007; Tognoli, Lagarde, DeGuzman, & Kelso,
2007; Sebanz, Bekkering, & Knoblich, 2006; Chartrand &
Bargh, 1999; Bernieri & Rosenthal, 1991; Bernieri, 1988;
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ing the administration of placebo and oxytocin 1 week apart.
The data indicate that following placebo administration, participants performed better alone than in pairs. Yet, the administration of oxytocin improved paired performance up to the
level of individual performance. This effect depended on the
personality traits of cooperativeness or competitiveness. It is
concluded that oxytocin may play a key role in enhancing
social synchrony and coordination of behaviors required for
cooperation. ■

LaFrance, 1979). These coordinated synchronized actions
may be pleasurable and therefore may be utilized in forming and maintaining group cohesion (Sober & Wilson,
1998). Furthermore, behavioral synchrony or the ability
to match and follow each other and focus attention while
interacting was found to be important in mother–infant
relationships and to be associated with gains in social
communication (Siller & Sigman, 2002). In line with the
suggested function of interpersonal synchrony in evoking prosocial emotions (Siller & Sigman, 2002; Maynard
Smith, 1978), it was recently suggested that the oxytocinegic system plays a major role in the interactive reciprocity
and dyadic synchronized behavior characterizing the
mother–infant relationship (Feldman, Magori-Cohen,
Galili, Singer, & Louzoun, 2011) as well as romantic relationships (Schneiderman, Zagoory-Sharon, Leckman, &
Feldman, 2012).
Oxytocin (OT), a nine-amino-acid cyclic neuropeptide
produced in the paraventricular nucleus of the hypothalamus, has a well-established role in reproduction and pairbond formation (e.g., Carter, Grippo, Pournajafi-Nazarloo,
Ruscio, & Porges, 2008). Centrally released OT has been
implicated in the regulation of a wide range of social behaviors, such as social motivation and approach behaviors
(Lim & Young, 2006; Witt, Winslow, & Insel, 1992) as well
as the formation and expression of social memories required for the discrimination and recognition of a familiar
individual (Bielsky & Young, 2004; Choleris et al., 2003;
Dluzen, Muraoka, Engelmann, Ebner, & Landgraf, 2000;
Ferguson et al., 2000; Popik & van Ree, 1991). In small rodents, cerebral ventricular infusions of OT lead to a general
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formed to achieve potentially positive outcomes. Here we present a novel explanatory model of cooperation, which focuses
on the role of the oxytocinergic system in promoting interpersonal coordination and synchrony. Cooperation was assessed
using a novel computerized drawing task that may be performed
individually or cooperatively by two participants who coordinate
their actions. Using a within-subject crossover design, 42 participants performed the task alone and with a partner follow-

the task). The “Etch-a-Sketch” task was employed in the
current study to evaluate the role of the oxytocinergic system in promoting cooperation by increasing interpersonal
coordination and synchrony.

METHODS
Participants
Forty-two healthy men and women (age range = 23–
34 years) were recruited by ads and were compensated
for their participation. All participants gave their written
informed consent before their participation. Exclusion
criteria included medical or psychiatric illness and use
of any substantial medication or other substance (including heavy smoking). All participants were instructed to
avoid psychotropic substances, such as caffeine and nicotine, for at least 12 hr before the experiment. Because of
the significant hormonal interactions between OT and
estrogen, information regarding menstrual cycle and
contraceptive pills was collected among the women. Only
women who signed a form confirming that they are
not pregnant were allowed to participate in the study.
The study protocol was approved by Shalvata Hospitalʼs
ethics committee.
Substance Administration
A double-blind placebo (PL)-controlled within-subject
crossover design was used, with participants randomly
assigned into groups before the experiment for the first
administration of either PL or OT (22 received first OT
and 20 first PL). A single dose of 24 IU OT or PL was
intranasally administered (three puffs per nostril, each
puff containing 4 IU) 45 min before the task performance.
The PL contained all inactive ingredients except for the
neuropeptide. At the second session of the experiment,
7 days later, participants underwent the same procedure
with the other substance (i.e., PL or OT). Dosage and
waiting time corresponded to those previously used in
experiments designed to investigate the effect of the
intranasal administration of OT on behavior in humans
(Domes et al., 2010; Guastella, Mitchell, & Dadds, 2008;
Kirsch et al., 2005; Kosfeld et al., 2005).
Tools
The “Etch-a-Sketch” Task
This computerized task is based on the childrenʼs game
“Etch-a-Sketch” in which the object is to draw on a magnetic board with the use of two handles—one controlling
the up and down movement of the marker and the other
controlling the left and right movement of the marker.
The participants were required to trace, in the most precise manner, seven different shapes (appearing on the
monitor in random order) using a marker. The marker
was controlled using the keyboardʼs A and S keys for left
Arueti et al.
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nonselective increase in social affiliation and a reduction in
anxiety and aggression (Harmon, Huhman, Moore, &
Albers, 2002; Witt et al., 1992). In addition to modulating
social behaviors, OT has been implicated in reducing
the physiological and psychological correlates of stress
(Heinrichs, Baumgartner, Kirscbaum, & Ehlert, 2003) and
in modulating the brain areas and neural circuitries
involved in processing fear-related information (Petrovic,
Kalisch, Singer, & Dolan, 2008; Kirsch et al., 2005).
Moreover, it has been demonstrated in humans that a
single dose of intranasally administered OT is sufficient to
produce a substantial increase in mental state attribution
(Domes, Heinrichs, Michel, Berger, & Herpertz, 2007), to
improve accurate social perception (Fischer-Shofty,
Shamay-Tsoory, Harari, & Levkovitz, 2010), and to elevate
levels of “resonance” emotional empathy (Hurlemann et al.,
2010). Furthermore, Zak and colleagues (2004, 2005) found
that OT levels are increased after receiving a social signal of
trust and that higher OT levels are associated with trustworthy behaviors. Similarly, Kosfeld and colleagues (2005)
reported that the intranasal administration of OT elevates
trust and affects the willingness to take social risks arising
from interpersonal interactions. Likewise, OT has been
found to increase trust and promote cooperative behaviors
in different decision-making tasks by reducing “fear of
betrayal” or betrayal aversion (De Dreu et al., 2012; Rilling
et al., 2012; Baumgartner, Heinrichs, Vonlanthen, Fischbacher,
& Fehr, 2008; Kosfeld et al., 2005).
It should be considered that cooperation in these studies was assessed in economic tasks involving monetary
gains and risks. These studies represent the prevailing
paradigms of cooperation in humans that relay on economic decision-making tasks, where the propensity to
cooperate is measured by the subjectsʼ choices to cooperate or to act selfishly by “defecting.” Thus, such tasks
may inherently provoke “fear of betrayal” and OT administration may promote cooperation by reducing this fear
due to its anxiolytic properties (Petrovic et al., 2008;
Kirsch et al., 2005; Heinrichs et al., 2003).
Yet, it may be that OT promotes cooperation in a manner that is different from reducing “fear of betrayal.” As
most forms of cooperation in nature and among humans
involve interpersonal coordination (Neo, 2006), and
given the role of OT in pair bonding (for a review, see
de Boer, van Buel, & Ter Horst, 2012) and synchrony
(Feldman, 2012), it may be that OT promotes cooperation by increasing motor coordination and synchrony of
actions and behaviors in a manner which is dissociated
from fear of betrayal.
To test the hypothesis that OT promotes cooperation
by increasing interpersonal coordination, a novel cooperative task was designed on the basis of the childrenʼs
“Etch-a-Sketch” game. Utilizing this task allows the assessment of performance for a single subject with full control of
all the control keys, as well as for pairs of subjects that have
to cooperate by coordinating their actions in controlling
the keys (see Tools section below for a full description of

Scoring system: Both accuracy and RT were assessed for
the ALONE and COUPLE conditions.
RT: The time to complete each item.
Accuracy: As illustrated in Figure 1(B, C), correct performance was determined by the number of pixels that
the traced shape created by the participants (the blue
line) deviated from the original shape (the red line).
The area between the two lines (colored in pink)
was created by the deviation (deviation scores). Lower
scores (fewer pink pixels) indicated a more accurate
precision. Scores ranged between 0, representing a
perfect score (flawless tracing), and tens of thousands,
representing poor accuracy and a large deviation from
the original shape. In the example of Figure 1C, the
participants were given a score of 1612.
In the COUPLE condition, a more accurate performance (lower scores) indicated better cooperation and
coordination between the participantsʼ key pressing.

Assessment of dispositional cooperative tendencies.
Cooperative dispositions were assessed using the social
value orientation (SVO) to examine the possibility that
the effect of OT on cooperative performance may be
modulated by a personal tendency toward cooperation
or competition. The SVO indicates how people allocate
outcomes for themselves and anonymous others ( Van
Lange & Liebrand, 1991; Messick & McClintock, 1968).
The items in the task require choosing between a series
of nine items involving three alternative outcome distributions with points for oneself and an anonymous other
(the decomposed game technique). Each item contained
a cooperative (e.g., self: 520, other: 520), an individualistic (e.g., self: 580, other: 320), and a competitive choice
(e.g., self: 520, other: 120). Following their selection,
participants are classified as having a cooperative, individualistic, or competitive orientation; the task is internally consistent, reliable over considerable time periods,
and not associated with measures of social desirability
(de Kwaadsteniet, van Dijk, Wit, & de Cremer, 2006;
Parks, 1994; Platow, 1994; Van Lange & Kuhlman, 1994;
Eisenberger, Kuhlman, & Cotterell, 1992).
Assessment of affective state. To rule out the possibility
that OT may have a general effect on mood, which in turn
may affect performance of the “Etch-a-Sketch” task, the
participantsʼ mood was examined using the Depression
Adjective Check List (DACL). The DACL is a 32-item selfreport instrument designed to measure affective states
(Lubin, 1965). This questionnaire is widely used for the
evaluation of short-term mood changes (Lubin & Riesenmy,
1996) and was therefore chosen to assess mood 45 min
following the substance (OT or PL) administration.
General Procedure
Before the beginning of each testing session, the participants were shown into a waiting room with five to seven
other participants whom they had never met before. While
waiting, they completed a consent form with the help
of a doctor, who described in detail the potential side
effects of OT but did not reveal the studyʼs goal. To

Figure 1. The “Etch-a-Sketch”
task requires tracing, in the
most precise manner, seven
different shapes (appearing on
the monitor in random order)
using a marker. The marker is
controlled using the keyboardʼs
A and S keys for left [A] and
right [S] movement and the ↑
and ↓ keys for up [↑] and down
[↓] movement.
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[A] and right [S] movement and the ↑ and ↓ keys for up
[↑] and down [↓] movement. The task was performed
under two conditions: ALONE (single subject) or as a
COUPLE (a pair of participants). In the ALONE condition,
one participant controlled all the keys, whereas in the
COUPLE condition, the A and S keys were controlled
by one participant while the ↑ and ↓ keys were controlled
by the other. The shapes that appeared on the monitor
were different combinations of vertical lines, horizontal
lines, and diagonal lines at varying angles (see Figure 1A).
In the COUPLE condition, tracing a horizontal line required that only one participant use the A and S keys,
whereas tracing a vertical line required that only the other
participant use the ↑ and ↓ keys. Yet, tracing a diagonal
line required that both participants work together to press
the two sets of keys in a coordinated and synchronized
manner. For example, pressing ↑ and S created a diagonal
line going from the bottom left to the upper right: /. The
angle of the diagonal line was determined by the ratio of
each key pressed, such that pressing more on the ↑ and
less on the S key created a steeper angle.

Data Analyses
To examine the effect of treatment (OT/PL), condition
(ALONE/COUPLE), and personality traits (SVO ratings
of competitive, cooperative/individualistic) on performance (deviation scores and RT), a linear mixed model
(LMM) was used. The LMM technique is a data analysis
approach that is increasingly used in psychology to effectively address problems that general linear models, like
repeated-measures ANOVA, cannot deal with (Kliegl, Wei,
Dambacher, Yan, & Zhou, 2010). The LMM forte is the ability
to model correctly dyadic data by handling random effects.
For example, the LMM analysis was recently used to analyze
consolation in dyads of chimpanzees (Fraser, Stahl, & Aureli,
2008) and contagious yawning in human dyads (Norscia &
Palagi, 2011). The LMM was utilized in this study to deal
with the issue of interdependence between the scores
within each pair, because the LMM procedure expands

the general linear model so that the data are permitted to
exhibit correlated and nonconstant variability.
In the LMM analysis, we specified the following fixed
effects: treatment, condition, and SVO; the interactions:
Treatment × Condition and Treatment × Condition ×
SVO. In addition, we used the following dyadic random
effects: OT dyads and PL dyads. We tested models for each
combination involving the variables of interest, spanning
from a single-variable model to a model including all the
fixed factors and their interaction terms (full model). To
select the best model, we used the Akaikeʼs Corrected
Information Criterion, and the model with a lower value
of Akaikeʼs Corrected Information Criterion was considered to be the best model.
Finally, a repeated-measures ANOVA was used to confirm that treatment did not have a general effect on mood
as measured by the DACL.

RESULTS
OT Improved Cooperative Performance of
the “Etch-a-Sketch” Task, but Did Not
Affect Individual Performance
Utilizing an LMM, we assessed how the Treatment (OT/PL),
Experimental Conditions (ALONE/COUPLE), and Social
Orientation that was assessed by the SVO (cooperative,
individualistic, competitive) affected performance in
the “Etch-a-Sketch” task as measured by both accuracy
(deviation scores) and RT (dependent variable).
Treatment, Conditions, and SVO were entered as fixed
factors (including the interactions between them), and
OT and PL dyads were entered as random effects (see
Methods for definitions).
Accuracy
The fix effect for Conditions was found significant, F(101.5) =
4.950, p = .028, indicating that the participantsʼ accuracy
overall was better in the ALONE (M = 639.73, SD =
88.60) as compared with the COUPLE condition (M =
784.47, SD = 88.60). Although overall performance
following treatment with OT (M = 658.91, SD = 88.60)
was better than PL (M = 828.13, SD = 88.60), the Treatment effect did not reach significance, F(101.5) = 3.289,
p = .076.
As illustrated in Figure 2, the fixed effect for the
Treatment × Condition interaction was found to be significant, F(101.5) = 9.608, p = .003, suggesting that treatment had a differential effect on accurate performance
of the task individually (ALONE) or cooperatively (as a
COUPLE). Follow-up post hoc analysis (with correction
for multiple comparisons) indicated that in the COUPLE
condition accuracy was better following the administration of OT as compared with PL [t(96) = 2.09, p =
.039]. Moreover, in the PL condition, the participants
performed significantly more accurately individually than
Arueti et al.
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avoid significant interactions between the participants, the
investigators did not introduce the participants to
each other.
Each participant was then escorted to a separate room
to receive either the intranasal OT or the PL treatment.
After drug administration, the participants were asked
to wait 45 min to ensure that the OT levels in the CNS
had reached a plateau. During this waiting period, participants completed the SVO scale. At the end of the
45-min period, participants completed the DACL so as
to track any mood changes following administration of
the drug. Participants were then given the instructions
for the “Etch-a-Sketch” tracing task and were asked to
perform the task alone. The ALONE condition served as
a baseline for basic individual motor performance and
therefore it was reasoned that this condition should be
performed before the COUPLE condition. Furthermore,
data from a pilot study indicated that participants had
more difficulties in performing the task in the COUPLE
condition without any experience in manipulating the
control keys on their own. Therefore, to avoid high variability in performance, participants first performed the
ALONE condition.
Following performance in the ALONE condition, the
participants were invited to the waiting room and the
experimenter introduced each participant to her/his partner for the pair condition. The pairing of couples was
planned in advance so that each participant was randomly
paired with a same-sex and same-treatment partner.
Although participants were not matched according to
their “Etch-a-Sketch ability,” as defined by their scores in
the alone condition, the random design of this experiment counterbalanced such individual differences. One
week later, each participant underwent the same procedure following the administration of the other substance, but with a different randomly selected same-sex,
same-treatment partner.

cooperatively as a couple [t(96) = −3.75, p = .0003].
This difference was erased by administration of OT
[t(96) = −1.71, p = .09].
Furthermore, the three-way interaction Treatment ×
Condition × SVO was found significant, F(101.5) = 6.455,
p = .0019, indicating that the OT had a differential effect
depending on the social orientation of participants.
Follow-up post hoc analysis (with correction for multiple
comparisons) indicated that in the COUPLE condition a
more accurate performance was evident following the
administration of OT as compared with PL only in participants classified as competitive [t(96) = 2.4, p = .018]. On
the other hand, in the ALONE condition, competitive par-

RT
An LMM model of analyses was carried out to examine the
effects of the Treatment, Condition, and SVO on RT. The
analyses indicated no significant fix effect for conditions,
F(127.9) = 2.782, p = .098, and treatment, F(127.9) =
2.215, p = .139, nor for the interactions Treatment ×
Condition, F(127.9) = 1.683, p = .197, and Treatment ×
Condition × SVO interaction, F(108.7) = 6.455, p = .710.
Collectively these analyses suggested that treatment had no
effect on the RT (see Table 1).

Table 1. Means and Standard Errors of Performance following the Administration of OT and PL in Participants Classified as
Individualistic, Competitive, and Cooperative Based on the SVO
Alone

Couple

PL

OT

PL

Mean

SE

Mean

SE

Mean

678.97

130.74

693.16

172.50

832.13

51.67

2.38

53.40

3.29

47.44

399.59

197.63

816.04

298.41

1467.90

50.84

5.63

49.09

5.47

671.20

120.57

678.75

48.28

2.83

48.84

OT
SE

Mean

SE

657.14

61.74

49.18

1.64

565.15

494.00

134.71

42.87

2.13

53.50

3.20

114.31

788.39

113.62

686.57

80.78

2.77

46.39

2.13

47.39

1.76

Individual
Deviation scores
RT

137.61
1.32196

Competitive
Deviation scores
RT
Cooperative
Deviation scores
RT

Twenty-two participants were classified as individualistic, fourteen as cooperative, and six as competitive. Deviation scores represent the number of
pixels that deviated from the original form. The RT measure represents the time (in seconds) to complete the task.
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Figure 2. OT improved cooperative performance of the “Etch-a-Sketch”
task but did not affect individual performance.

ticipants were significantly more accurate in their performance following the administration of PL as compared
with OT [t(96) = −2.36, p = .02].
There were no significant differences between the OT
and PL conditions in the COUPLE condition in participants
classified as cooperative [t(96) = 0.02, p = .985] or individualistic [t(96) = 0.41, p = .682].
Remarkably, following the administration of PL, the
participants classified as competitive [t(96) = −3.35, p =
.00012] and the participants classified as individualistic
[t(96) = −2.30, p = .023] performed significantly less
accurately in the COUPLE as compared with the ALONE
condition, indicating that the COUPLE condition was
particularly harder for the competitive and individualistic participants. Moreover, the participants classified as
cooperative did not perform less accurately in the
COUPLE as compared with the ALONE condition [t(96) =
−0.57, p = .572] following the administration of OT (see
Table 1).

Speed–Accuracy Trade-off
Finally, to ensure that there was no speed–accuracy
trade-off, we calculated the correlations between
RT and deviation scores. These analyses indicated no
significant correlation between these measures, confirming that there was no speed accuracy trade-off
( p > .05).

Figure 3. OT administration did not affect mood.

Gender
To rule out the possibility that OT had a differential effect
on performance according to sex, we carried out an LMM
analyses to assess how the treatment, condition, and sex
(women, men) affected deviation scores in the “Etch-aSketch” task (OT and PL dyads were entered as random
effects). These analyses indicated that sex did not interact with treatment, F(117.2) = 2.061, p = .154. Furthermore, the three-way interaction for Sex × Condition ×
Treatment was found not significant, F(117.2) = 1.538,
p = .219, indicating that the participantsʼ sex did not influence the effect of OT administration on accurate performance of the task.

Contraceptive Pills
To rule out the possibility that the use of contraceptive
pills may modulate the effect of OT administration on performing the “Etch-a-Sketch” task, a three-way LMM analysis
was conducted, with Treatment, Condition, and Pills (on
the pill, no pill, male) as the fixed effect. The three-way
interaction for Pills × Conditions × Treatment was not
significant, F(117.8) = 0.154, p = .696. Collectively, these
analyses indicate that the participantsʼ use of contraceptive
pills did not modulate the effect of OT administration on
accurate performance of the task.

Order of OT/PL Administration
To rule out the possibility that the order of treatment may
modulate the effect of OT administration on performing
the “Etch-a-Sketch” task, a three-way LMM analysis was
conducted, with Treatment, Condition, and Order (first
OT/first PL) as the fixed effect. The Order effect was not
significant, F(22.9) = 2.35, p = .139, nor was the threeway interaction for Order × Conditions × Treatment,
F(114.9) = 0.054, p = .816. Collectively, these analyses
indicate that the order of treatment did not modulate
the effect of OT administration on accurate performance
of the task.

OT Administration Did Not Affect the
Participantsʼ Mood
DACL scores were analyzed using a two-way repeatedmeasures ANOVA, with Treatment and Mood (positive,
negative) as the independent variables. These analyses
indicated no significant main effect for Treatment, F(1,
41) = 0.338, ns. The interaction Treatment × Mood
was also not significant, F(1, 41) = 0.491, ns. There was
a significant main effect for Mood, F(1, 41) = 9.464, p ≤
.01, indicating that the participants were generally in
a positive mood (as compared with a negative mood),
regardless of treatment (Figure 3).

DISCUSSION
The current study evaluated the effects of a single dose of
intranasally administered OT on performing a cooperative
task, utilizing a novel model of cooperation that relies on
interpersonal coordination and synchronization of motor
actions. OT was found to improve cooperative, but not
individual, performance.
The data on accurate performance of the task following
the administration of a PL indicate that the participants
performed better alone than as a couple. This effect is in
line with previous reports demonstrating that acting
together requires additional demands, which are harder
to overcome than when acting alone (Knoblich & Jordan,
2003). Yet, the administration of OT improved performance in the task to the level of individual performance, suggesting that OT improves the coordination of
behaviors.
Cooperative social interactions involve interpersonal
coordination and synchronization of behaviors to achieve
a common goal (Nöe, 2006; Brosnan & de Waal, 2002).
The couple condition in this study models coordinated
action-based cooperation, as the two participants are
required to coordinate and synchronize their key pressing
in the “Etch-a-Sketch” tracing task in a dynamic manner
that varies according to the target shape. Throughout the
Arueti et al.
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Neither Sex, the Order of Drug
Administration, nor the Use of
Contraceptive Pills Changed the Effect
of OT Administration on Performing
the “Etch-a-Sketch” Task
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cinergic system may improve cooperation by promoting
coordination and synchronization of motor actions and
increasing attention to others, regardless of emotional
states. Indeed, a single dose of intranasally administered
OT was reported to increase negative emotions of both
envy and gloating in a manner that corresponded with
relative gains and losses during a fake monetary game of
chance (Shamay-Tsoory et al., 2009). These findings were
suggested to indicate that the oxytocinergic system does
not promote positive pro-social emotions, but rather social salience, that is, attention to others in different social
contexts (Shamay-Tsoory, 2010). This “social salience”
hypothesis was further supported by studies demonstrating that a single dose of intranasally administered OT
facilitated the accurate perception of “competition” among
men, but “kinship” among women (Fischer-Shofty et al.,
2010). It is therefore possible that OT increases the
salience of social agents in a manner that enables social
synchrony.
Furthermore, the effects of OT reported here were
dependent upon the subjectʼs tendency to cooperate as
assessed by the SVO. We selected the SVO paradigm since
it addresses related, yet distinct, aspects of cooperative
behavior than the one required for cooperative performance of the “Etch-a-Sketch” task. Whereas the cooperative
“Etch-a-Sketch” task involved interpersonal coordination
of motor actions, the SVO assesses broad motivational orientation to either prosocial (maximizing joint outcomes),
individualistic (maximizing personal outcomes), or competitive (maximizing the difference between individual and
“other” outcome). Interestingly, it has been reported that
the OT receptor gene is associated with differential monetary allocations in the SVO (Israel et al., 2009). Thus, the
SVO classification served in the current study to both validate the cooperative “Etch-a-Sketch” task and to examine
whether the administration of OT had a differential effect
on participants with different social predispositions.
Indeed, we show that, in the PL condition, the participants classified as competitive and those classified as individualistic performed significantly worse in the COUPLE
as compared with the ALONE condition, confirming that
the competitive and individualistic individuals (also classified as proself ) are better at performing alone as compared
with performing in pairs. Moreover, the participants classified as cooperative did not perform worse in the COUPLE
as compared with the ALONE condition.
Interestingly, the administration of OT improved only
the performance of the competitive participants and not
the performance of the cooperative and individualistic participants. These findings are compatible with a recent study
showing that the administration of OT enhanced socialcognitive performance only in individuals who are less socially competent (Bartz et al., 2010). Although the number
of participants in the competitive group is small, the improvement in the “proself” participants may indicate that
OT may improve the ability to cooperate particularly in
individuals with impaired ability to cooperate.
Volume 25, Number 9
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task, the pairs used different strategies of division of labor,
as in horizontal and vertical lines, and conjoint actions
for diagonal lines, to accomplish the task. Both strategies
and the switching between them required paying attention to the partnerʼs actions and coordinating oneʼs own
actions with them. The current data suggest that the
oxytocinergic system may play a key role in promoting
the behavioral coordination and synchronization that
underlie cooperation.
In naturalistic settings, Feldman, Weller, Zagoory-Sharon,
and Levine (2007) showed that plasma OT during pregnancy and postpartum predicted maternal bonding behaviors, including gaze, vocalizations, positive affect, and
affectionate touch. Similarly, Gordon, Zagoory-Sharon,
Leckman, and Feldman (2010) reported that paternal OT
levels correlated with the degree of stimulatory parenting
behaviors, such as tactile stimulation. Feldman, Gordon,
and Zagoory-Sharon (2010) also found that parental
and infant OT levels were interconnected and were related, in turn, to greater affect synchrony and infant social
engagement.
The current data also correspond with previous reports
regarding oxytocinergic functions and cooperation in
different “game theory” tasks that involve reciprocal cooperation, trustworthiness, and betrayal aversion (for a
review, see De Dreu, 2012). Roberts and Sherratt (1998)
suggested that cooperation evolves according to increasing confidence in the relationship between the cooperators. Zak and colleagues (2004, 2005) demonstrated that
OT levels are increased after receiving a social signal of
trust and that higher OT levels are associated with trustworthy behaviors. Furthermore, intranasal OT administration was found to elevate trust and affected the willingness
to take social risks arising from interpersonal interactions
(Kosfeld et al., 2005), while also improving “mind-reading”
ability (Domes et al., 2007). Continuously mounting evidence heavily supports the hypothesis that OT plays a
key role in cooperation, but the mechanisms remains unclear. Whereas Rilling and colleagues (2012) suggest that
OT increases the activity in the reward system, De Dreu
(2012) found that the effects of OT on cooperation were
mediated by “betrayal aversion.”
Yet, the performance in the currently used model of
cooperation does not rely on taking “economic risks,”
trusting oneʼs partner, or fearing defection and betrayal.
Thus, the results of this study demonstrate for the first
time a key role of the OT system in a form of “motor
cooperation” as performing the task as a couple is based
on interpersonal coordination and synchrony of motor
actions. As opposed to previous paradigms of cooperation,
in this study, we modeled motor coordinated cooperation
as the two participants were required to coordinate and
synchronize their key pressing. Although OT improved
performance in the coordination-dependent “couple”
condition, it did not improve performance in the ALONE
condition, further excluding the possibility that OT improves basic motor abilities. It is suggested that the oxyto-
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