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Originally known for itsrolein childbirth and lactation, oxytocin (OT) has

recently proved to play a key rolein social behavior. Deprived of OT, humans
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are unableto recognize™® and to bond® to their peers. Inversely, once boosted
with OT, people become more caring’, trusting®®’ and gener ous®. Effect-sizes on
trust and gener osity wer e sufficiently largethat OT started to be perceived asa
natural drug that would make people credulous’. But could OT really impede
judgment and lead individualsto trust untrustworthy peers? Here we show that
oxytocin makes people trusting, but not gullible. Namely, OT did not have a
trust-enhancing effect on people who interacted with seemingly unreliable peers.
These resultsemphasize that the effect of OT is much mor e context-dependent
than previously thought. Thisfinding therefor e invalidates some of the potential

commercial or military applications of oxytocin®™.
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“ Danger breeds best on too much confidence” Pierre Corneille. Le Cid

In recent times, no hormone has fascinated the general public as much as
oxytocin (OT). “A dose of human kindness’, “love potion”, and “liquid trust”, are all
nicknames that have been given to OT, a neuropeptide naturally secreted in the
paraventricular and supraoptic nuclei. And these nicknames unquestionably have an
element of truth: An increasing number of studies indicate that OT facilitates social

relationships by altering both cognitions and behaviorsin a pro-social way®®***. For

instance, oxytocin facilitates the encoding and memory of social stimuli****

, improves
mind-reading', initates maternal behavior®, and substantially increases trust”’ and

generosity®.

The effect of OT on generosity® and trust>® was so large in previous studies
(i.e., participants were 80% more trusting and generousin the OT group than in
placebo group) that they unwittingly conveyed the ideathat OT was a natural drug
that made people nice and credulous’. This belief was then reinforced by arecent
study showing that OT quickly restored trust after betrayals’. While the press and
scientists’ alike got concerned about potential misuses of these results by politicians,
armed forces and marketers, OT retailers flourished—promising clients that spraying
athin mist of it over people would make them more trusting and willing to sign on the

dotted line”*°.

But are these concerns warranted? Would OT really lead us to trust anybody? In
previous studies on trust™’, participants never faced the same partner twice (i.e., they
were never confronted again to a partner who breached their trust). Moreover, nothing
pointed out that a specific partner could be unreliable. As a consequence, we do not
know whether individualsin the OT group would have trusted an unreliable partner or
maintained their trusting behavior in a betrayer. The aim of this study is to determine

the circumstances under which OT increases trust: Does OT act independently of the
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trustworthiness of one's peers (increasing our trust in both trustworthy and
untrustworthy people) or does OT interact with the context (so that we become

trusting only around trustworthy people)?

According to previous studies on animals, effects of OT are far from being
linear or context-independent™®. Namely, OT does not always lead individuals to
behave pro-socialy. Its effects seem instead to be determined by whether it is
adaptive to be trusting in the given context (which largely depends on the
trustworthiness of the target of the socia interaction). In rodents, the female' s OT
release after giving birth makes her aggressiveness lessened towards her offspring,
but increased towards potentially aggressive female intruders'”*8. Thus, if OT isto
facilitate both positive socia interactions and survival, it should enhance trust but not
credulity. Indeed, whereas trust contributes to economic and social success, credulity
furthers market inefficiency™ and social maladaptation®. We therefore specul ated
that OT would make people demonstrate more trust when interacting with trustworthy
or neutral peers; conversely, we did not expect OT to have an effect on individuals

who were interacting with untrustworthy peers.

We have tested our hypothesisin a customized version of the trust game™?* (see
Figure 1). Sixty participants were either administered OT (experimental group) or a
placebo (control group) and then played severa rounds of the trust game with
different partners, some seemingly more reliable than others. Thetrust gameisa
frequently used paradigm in neuroeconomics and behavioral economics, asit
reproduces investors' trust dilemmain alab. Each participant assumed the role of
investor and could transfer money to a‘trustee’, where it would triple. Subsequently,
the trustee transferred al, a part, or none of the money back to the investor (see
Methods section). If the investor entrusted the trustee with all of his money, the
investor could maximize his profits if the trustee was reliable and fair. Conversely, he

could lose everything if the trustee was not fair. The trust game is perfectly suited to
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establish the investor’s level of trust (i.e., the higher the trust, the higher the transfers).
By manipulating the partners’ trustworthiness, we have sought to determine to what
extent OT impairs on€’ s sensitivity to potentia signs of dishonesty. Each participant
played with three different types of trustees: seemingly reliable humans, seemingly
unreliable humans, and the computer (i.e., fully neutral device). We hypothesized that
investors from the OT group would transfer higher average amounts than those from

the control group, unless there were hints that the trustee might not be trustworthy.

Analyses revealed that type of trustee strongly influenced the amount that
participants invested in the trust game (F = 65.44, p < .001). On average, participants
transferred less money to human partners than to the computer (tsg = -5,75, p < .001).
Asillustrated in table 1, this effect islargely due to unreliable trustees: Participants
transferred significantly less money to unreliable trustees than to reliable ones (p <
.001); reliable trustees, on the other hand, were transferred about as much money as

the computer (p = .145).

Second, our data confirmed previous findings that OT substantially increases
trusting behaviors (F = 5.76, p = 0.017). Aswe hypothesized, this effect was
nonethel ess restricted: There was a significant interaction between the group and the
type of trustee (F = 3.29, p = 0.038). Participants who inhaled OT, as opposed to a
placebo, transferred more money to reliable trustees, but did not transfer more money
to unreliable trustees, revealing that OT does not increase trust when the partner
appears unreliable (see Table 1 and Figure 2). The effect of OT on trust does not seem
to be explainable by mood differences, subjective confidence, affection for human
nature, or a perceived difference in condition assignment (all these variables were

equal across conditions; see Supplementary Information).

This study is the first to demonstrate the boundary conditions of OT effects on

pro-socia behaviors. While our results are consistent with previous studies showing
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that OT is a pro-social hormone®, they nevertheless indicate that its effects are
mitigated when pro-sociality is no longer adaptive. When hints exist that the partner

might not be reliable, OT does not enhance trust.

Which mechanisms could account for OT’s contextual effects? As already
demonstrated by others®®, OT does not seem to alter the perception of the risk
inherent to a situation. If this was the case, participants would have also transferred
more money to unreliable partners after being administered OT. A much more likely
explanation isthat OT’ s effects are moderated by the perceived level of risk inherent
to the interaction. Namely, OT effects would be maximal when the condition appears
neutral or favorable (i.e., conditions in which an increase in trust is likely to bring
about benefits), and nonexistent when the condition appears shady (i.e., conditionsin
which anincrease in trust is could be detrimental). Thus, the higher the perceived risk,

the lower the trust-enhancing effect of OT.

This hypothesis can be further tested using data from two previous studies™®,
which found that oxytocin increased trust in humans but not in computers. If our
hypothesisis valid, we should find evidence that participants in these studies
perceived the computer condition as more risky than the human condition. Indeed,
perhaps due to subtle differences in instruction (Heinrichs, personal communication),
participants in previous studies considered it morerisky to invest in a computer than
in ahuman being (i.e., regardless of condition, mean transfers to the computer were
lower than mean transfers to ahuman being; cf Table 1in Kosfeld et al.’s main text®,
and Table 1 in Baumgartner et al.’s supplementary information®). Conversely, in our
study, participants considered it less risky to invest in the computer than in a human
being (i.e., regardless of condition, mean transfers to the computer were higher than
mean transfers to a human being; see Table 1). Taken together, these results allow for

much more specific predictions about when oxytocin will increase trust and when it
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will not. Consistent with the moderating hypothesis stated above, it appears that

oxytocin does not increase trust if conditions are deemed risky.

Our results have a number of important implications. First, they suggest that OT
does not boost pro-social behaviour under all circumstances. Like most of our
biological underpinnings, OT has been fine-tuned through natural selection to
facilitate survival and adaptation. The fact that OT does so by enhancing peer bonding
and interdependence does not preclude that it might have a different effect under
conditions in which interdependence could prove harmful. Perhaps OT’ s effect could
even reversein particularly dangerous conditions. Second, this research shows that
oxytocin is far from being the magical trust elixir described in the news, on the
Internet, or even by some influential researchers’. Marketers, politicians, merchants,
and others tempted to use oxytocin should be aware that it does not make people
gullible. Our data suggest that OT will increase trust behaviors (e.g. investments,
purchases, concessions made during negotiations) if the partner or the deal is
perceived as neutral or trustworthy, but that it will not do so if the partner or if the

deal looks suspicious.

Methods

Sixty healthy young adult men (M = 21.2, SD = 2.4) were enrolled in the study
and randomly assigned to receive either intranasal placebo (PL; n = 30) or oxytocin
(OT; n=30; 32 IU Syntocinon Spray, Novartis, Basel, Switzerland). In order to avoid
gender differencesin OT response, only males were recruited for the study.
Participants were informed at the time of enrolment that the experiment sought to
investigate the effect of a hormone on cognitive and emotional processes. Before
substance administration, participants filled in measures of demographics, risk taking,
self-esteem, kindness, agreeableness, sociability, emotional competencies, and
psychological symptoms, in order to ensure that groups were equal regarding al

demographics and personality factors potentialy relevant to the study.
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The substance (OT or PL) was then inhaled. Owing to the role of social
thoughts or experiences in triggering the effects of oxytocin, subjects were then
invited to wait for the start of the experiment in front of an excerpt of amovie

featuring friendship and camaraderie.

Forty-five minutes after substance inhalation, participants received written
instructions for the trust game?? (see Supplementary Information), which explained
the rules of the game and the payment procedure at the end of the experiment. In one
part of the game, participants were led to believe that they would play online with real
people. Accordingly, they were provided with a brief description of their partner
before each round (to ensure plausibility, subjects were also asked to provide such
descriptions of themselves upon arrival at the laboratory). In fact, these descriptions
were manipulated and pretested to induce either high or low trust (see Supplementary
Information). Participants played each round of the trust game (depicted in Figure 1)
with one of 10 different partners, of which 5 appeared trustworthy and 5 relatively
untrustworthy. In another part of the game, participants were told that they would play
10 rounds with the computer, which would randomly determine the back-transfers.
Participants did not receive any feedback about the back-transfers during the
experiment. Before their leaving the laboratory, participants were asked to report on
their beliefs about condition assignments, mood, trust and affection for human nature
in order to control for confouding factors potentially associated with OT

administration.

One outlier was removed, leaving 59 subjects for the analyses (29 in the
oxytocin group and 30 in the placebo group). A 2 (condition: oxytocin or placebo) x 3
(Type of target: computer, human high trust, human low trust) mixed model was then
performed on investments, with subject being a random factor, substance
administered being a between-subject factor and truthworthiness of partner being a
within-subject factor. Kindness, self-esteem, social competence, emotional

competence and mental health were included as a covariates as they were found to



Nature Precedings : hdl:10101/npre.2009.3790.1 : Posted 21 Sep 2009

have an independent influence on investments. Significant (p < .05) multivariate
effects were followed up with post-hoc tests with adjustment for multiple

comparisons (Bonferroni).
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Table 1 | Average Transfers as a Function of Group and Reliability of the

Target
Type of Group Mean transfer | Standard Lower Upper
Trustee _ error Bound Bound
(in EUR)
(95% CI) (95% ClI)
Computer | Placebo 25.563 0.828 23.939 27.186
' 30.418 0.842 28.766 32.070
Oxytocin
27.990 0.588 23.959 27.607
All
Reliable Placebo 24.326 1.305 21.764 26.887
partner _ 27.240 1.328 24.635 29.846
Oxytocin
25.783 0.930 23.959 27.607
All
Unreliable | Placebo 15.876 1.305 13.314 18.437
partner _ 15.103 1.328 12.497 17.708
Oxytocin
15.489 0.930 13.665 17.313
All

Note. Kindness, self-esteem, social competence, emotional competence and mental health were

included as a covariates as they were found to have an independent influence on investments. Results

hold with and without the inclusion of covariates, but the comparison of Akaike s Information Criteria

(AIC) indicated that the fit of the model was better when covariates were included.
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Figure 1 | The trust game. At the beginning of each round, the participant

(i.e., investor) received an initial endowment of 50 EUR, of which he can send

0, 10, 20, 30, 40 or 50 to his partner. The experimenter tripled the sum

transferred (which amounts to 0, 30, 60, 90, 120 or 150). The investor was

informed that his partner can reimburse him any amount he wants, or nothing.

For example, if the investor sent 30 EUR, the partner received 90 EUR and

could choose any back transfer from 0 to 90 EUR. The back transfer was not

tripled. Thus, the investor’s final pay off amounted to the sum he did not

transfer plus the back transfer from the partner. Each participant made 20

decisions: 5 with seemingly reliable partners, 5 with seemingly suspicious

partners and 10 facing the computer.
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Figure 2 | Transfers as a Function of Group and Reliability of the
Partner. Bars represent the average transfer (in EUR) that subjects made
with each type of partner, in the placebo (white bars) and oxytocin (grey bars)
conditions. Error bars represent the standard error of the mean. This Figure
shows that oxytocin increases trust, except when the partner appears

suspicious.
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Supplementary Table 1. Means and standard deviations of demographic
variables and individual differences measured before substance

administration.

Variables Placebo Oxytocin Independent
samples t-test
Means (and SDs) | Means (and SDs)
(and p-value)
Age 21.47 (2.73) 20.93 (2.07) -0.85 (.40)
Body Mass Index | 2400 (3.13) 23.43 (5.21) -0.52 (.61)
Risk Taking 2,51 (0.45) 2.65 (0.47) 1.14 (.26)
Kindness 2.98 (0.22) 2.98 (0.37) 0.00 (1.00)
Self-esteem 3.11(0.44) 3.21(0.55) 0.79 (.43)
Agreaableness 2.84(0.39) 2.82(0.41) -0.13 (.90)
Social 4.69 (0.47) 4.68 (0.53) -0.15 (.89)
Competence
Emotional 4.84 (0.60) 4.85 (0.58) 0.02 (.98)
Competence
1.56 (0.51) 1.55 (0.47) -0.07 (.94)

Mental disorders

Note. These results show that groups were statistically equivalent regarding all the

demographics and individual differences relevant to the study. BMI was computed as weight

in kilograms/(height in meters)?. Risk-taking, kindness, self-esteem, agreeableness, social

competence, emotional competence and mental disorders were measured using the risk-
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taking subscale of the Jackson Personality Inventory®*, the kindness subscale of the Value in
Action scales®, the Rosenberg Self-Esteem Scale®®, the agreeableness dimension of the
NEO-PI_R?, the trait Social Intelligence Questionnaire, the Trait Emotional Intelligence

Questionnaire®®, and the Brief Symptom Inventory.
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Variables Placebo Oxytocin Independent

samples t-test
Means (and SDs) | Means (and SDs)

Positive Mood 2.89 (0.45) 2.87 (0.48) -0.22 (.83)

Trust in people 2.53 (0.43) 2.43 (0.37) -0.89 (.38)

Affection for
2.62 (0.53) 2.51 (0.59) -0.75 (.46)

human nature

Note. These results suggest that the effect of oxytocin on trust behavior is not due to
differences in mood, self-reported trust, or affection for human nature. Positive mood, trust
and affection for the human nature were measured using questionnaires developed for the

purpose of the present study.
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S| Methods

Instructions for thetrust game (adapted from Cesarini et al. 2008%)

“In this section you will be randomly paired with several other participants (a
different one at each round). You will not find out who these people are, nor will they
find out who you are, not now, nor after the experiment is over. The only information
you will be given before each round is the first name of your partner, hisage, his
faculty and his main hobby. Please raise your hand if you have the feeling that you
might know that person” [In order to ensure maximum plausibility, each participant
was required to give his age, faculty and main hobby to the experimenter at the

beginning of the study].

“You will receive 50 EUR at the beginning of each round, and your task isto
decide what share of these 50 EUR to transfer to the person in the other room. The
money you give to your partner istripled; in other words, for every 10 EUR you
decide to transfer, your partner receives 30. Your partner will then decide how much
of the (tripled) money to return to you. He can send any amount between zero and his
total amount available back to you.You will then earn whatever money is returned to
you plus the share of the 50 EUR you decided to keep. To assist you in your decision,
the table next to you shows how much money your partner receives depending on how

much you decide to transfer.

Amount you decide | Amount your partner

to transfer (in EUR) | receives (in EUR)

10 30
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20 60
30 90
40 120
50 150

“You will not know the amount your partners have decided to transfer back to
you until the end of the experiment. Please keep in mind that what you earned in this
gameisreally what you might earn from your participation in this study. As we told
you, one participant will indeed be randomly selected at the end of the experiment to
receive the total amount of his back transfersin cash” [Accordingly, we rewarded the

best performer with 300 EUR at the end of the study].”

Participants were then provided with an oral summary of the rules of the game,
which were illustrated by several examples (such as those represented in Figure 1).

All subjects understood the explanations.

Pretest of the trustworthiness of thetargets

Partners descriptions for the trust game were manipulated to induce trust or
mistrust. As each description only contained the partner’ sfirst name, age, education
and main hobby, trust or mistrust was induced on these characteristics only. Trust
level inspired by different educations and hobbies was pretested on 20 participants. A
pretest highlighted that participants would trust psychology or philosophy students
more than marketing or political science students. Similarly, hobbies such as youth
movements or first-aid were more trustworthy than hobbies like gambling or violent
sports. This trust manipulation appears to have been effective, as we observed amain
effect of the type of partner (p < 0.001). Average investment in atrust-inspiring

partner was 25.78 EUR while it was down to 15.49 EUR in an unreliable partner.
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