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a  b  s  t  r  a  c  t

Generosity  is  an important  behavior  enriching  human  society  and  can  be observed  across  cultures.  How-
ever,  generosity  has  been  shown  to be modulated  as  a function  of social  distance,  also  referred  to  as
social  discounting.  Oxytocin  and  empathy  are  other  factors  that  have  been  shown  to play  an  important
role  in  generous  behavior.  However,  how  exactly  oxytocin  and  empathy  impact  social  discounting  is  yet
eywords:
xytocin
enerosity
mpathy
ocial distance
ocial discounting

unknown.  Here,  we  administered  oxytocin  or placebo  in a double-blind  design,  and  measured  social  dis-
counting  behavior.  Additionally,  individual  differences  in  empathy  were  assessed.  Our  results  show  that
the effect  of  oxytocin  on generous  behavior  is modulated  by  trait  empathy;  only for  those  subjects  who
received  oxytocin  there  was  a positive  correlation  between  individual  trait  empathy  and  their  generous
behavior  towards  close  others.

©  2017  Elsevier  Ltd. All  rights  reserved.
. Introduction

Generous behavior is a universal phenomenon and fundamen-
al cornerstone of all human societies (Strang and Park, 2016).
mportantly, people are not equally generous to everyone alike.
enerosity declines as a function of social closeness between indi-
iduals (Jones and Rachlin, 2006; Strombach et al., 2015), i.e.,
umans are most generous to close others (e.g., parents or part-
er), less generous to others in their social environment whom they
o not feel that close to (e.g., colleagues), and even less to others
hey rarely see or have never seen before. In a variety of studies
enerosity was further found to be modulated by oxytocin (OXT)
nd empathy (Batson et al., 2015; De Dreu, 2012a). While empathy
as shown to have a general positive impact on generous behavior

Batson et al., 2015), OXT has been shown to have differential effects
epending on the receiver; it increases generosity towards in-

roup members and decreases it towards out-group members (De
reu, 2012a). A recent study suggests that OXT induces a prosocial
ias, which is sensitive to contextual framing and social cues (Marsh

∗ Corresponding author at: Department of Psychology, University of Lübeck,
atzeburger Allee 160, 23562 Lübeck, Germany.

E-mail address: sabrina.strang@uni-luebeck.de (S. Strang).

ttp://dx.doi.org/10.1016/j.psyneuen.2017.01.031
306-4530/© 2017 Elsevier Ltd. All rights reserved.
et al., 2015). Interestingly, OXT and empathy were also shown
to interact; individual differences in empathy have been associ-
ated with endogenous and exogenous OXT levels (Barraza and Zak,
2009; Bartz et al., 2010), and an OXT receptor gene polymorphism
is associated with differences in trait empathy (Rodrigues et al.,
2009). Therefore, the question arises how OXT and trait empathy
modulate social discounting.

Here, we  investigate how OXT compared to placebo (PLC)
impacts social discounting and the role of trait empathy. We
hypothesize that OXT will increase generous behavior towards
close social distances and that this effect will be modulated by trait
empathy.

2. Material and methods

2.1. Subjects

We invited 132 healthy male subjects (mean age 24.4 ± 3.2
SD). Subjects were asked to maintain their regular sleep and wak-
ing times and to abstain from caffeine and alcohol intake on the

day of the test session. Before receiving either OXT or PLC, sub-
jects underwent an initial screening session. The screening entailed
the exclusion of current or past physical or psychiatric illness
(Appendix A in Supplementary material). All subjects gave writ-
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ig. 1. Social distance scale. The red icon represents the subject and all other icons 

ndicate representatives for social distance 1, 2, 3, 5, 10, and 20.

en informed consent after being instructed about the procedure
ccording to the Declaration of Helsinki. The study was approved
y the Institutional Review Board of the Faculty of Medicine of the
niversity of Bonn.

.2. Social environment measurement

Subjects were asked to describe their social environment before
eceiving instructions for the behavioral task (Strombach et al.,
015). The concept of social distance was explained by presenting a
cale consisting of 101 icons (Fig. 1). The leftmost icon represented
he subject and the other icons the subject’s social environment.
ubjects were told that the icon closest to the leftmost icon was
abeled as social distance 1 and represented their socially closest
erson. The rightmost person was labeled as social distance 100 and
epresented a stranger, while social distance 50 indicated a person
hey might have seen, but whose name they do not know. After sub-
ects were familiarized with the concept of the social distance scale,
hey were asked to indicate names of representatives for social dis-
ances 1, 2, 3, 5, 10, and 20. Notably, they were instructed to only
nclude persons they have positive feelings about.

.3. Social discounting task

A dictator game in combination with the social distance scale
as used to measure social discounting. In each trial subjects

eceived an endowment and decided how much they want to give
o a person at a specific social distance. Three different endowment
evels (D 13, D 15, and D 17) and eight social distances (1, 2, 3, 5, 10,
0, 50, and 100) were used. Thus, subjects played in total 24 rounds
resented in a randomized order (Appendix B in Supplementary
aterial). Subjects were informed that (1) at the end of the experi-
ent one trial would be randomly selected; (2) they would be paid

ccording to the split of that trial and (3) the receiver for that social
istance would receive the actual money they decided to send to
Appendix C in Supplementary material). The dependent variable
as the percentage of money shared with each social distance.

.4. General procedure

During the screening session subjects were asked to fill in
he interpersonal reactivity inventory (IRI; Davis, 1983) to mea-
ure subjects’ trait empathy. In the experimental session subjects
ere randomly assigned into OXT (N = 64) and PLC (N = 68) group.
e used a double-blind, randomized, parallel-group design, and

dministered a 24-IU nasal dose of either OXT or PLC (both provided
y Novartis, Basel, Switzerland) correspondingly. The PLC solution
ontained the same ingredients as the OXT solution except for the
eptide itself. Each subject was seated alone in a separate cubi-
le equipped with a PC and closed off with curtains in order to
xclude any interaction between subjects. Subsequently, subjects

rst conducted the social environment measurement. Approxi-
ately 45 min  after the OXT or PLC application, subjects received

 detailed description of the social discounting task and carried it
ut subsequently.
cial environment. In this example, social distance 10 is highlighted. Subjects had to

2.5. Data analysis

To quantify the degree of social discounting, we applied a stan-
dard hyperbolic function (Jones and Rachlin, 2006; Strombach et al.,
2015, Eq. (1)):

v = V

(1 + kD)
(1)

where v is the discounted value of the reward for the other per-
son (the percentage of money shared), V is the undiscounted value
of this reward and can be interpreted as the generosity level at
close social distances, D is a measure of the social distance and
k is a constant measuring the degree of discounting. Larger val-
ues of the latter correspond to a steeper decrease in generosity
as social distance increases. In order to estimate the individual
social-distance–dependent changes in generosity, this hyperbolic
function was  fitted to the percentage of money shared at each
social distance on an individual level (Appendix D in Supplemen-
tary material). The parameter V was  used to estimate subjects’
generosity levels for close social distances and the parameter k to
estimate the decline of generosity across social distances. Mean
squared root errors (MSE) were calculated to assess the fit of the
estimated data.

Total IRI scores (calculated as the mean of all subscales) were
used as an index for trait empathy. In order to test for a general
effect of OXT and empathy on generosity, independent of social
distance, the area under the curve (AUC) of the shared money of
each subject across social distances was compared between the
OXT and PLC group (Appendix D in Supplementary material).

The trait empathy-dependent effect of OXT on V was  analyzed
by using a linear regression model with condition (OXT/PLC; coded
as a dummy  variable) × trait empathy as regressor. Corresponding
post-hoc tests were applied when appropriate. The OXT effect on
generosity independent of social distance and empathy was ana-
lyzed by using an independent t-test with the AUC values as the
dependent measure.

3. Results

We  tested whether OXT has differential effects on generous
behavior towards close others depending on trait empathy lev-
els. The OXT and PLC groups did not differ in empathy levels
(t(128) = 1.10, p = 0.27, two-sided). Regression results indicate that
trait empathy has a positive influence on the V-parameter in the
OXT group (b = 0.0736, p = 0.017). Post-hoc correlation analyses for
OXT and PLC group separately show that only in the OXT  group
empathy correlates with the V-parameter (r = 0.282, p = 0.024, two-
sided) but not in the PLC group (r = 0.020, p = 0.87, two-sided; see
Fig. 2A). Thus, the higher the empathy score of a participant in the
OXT group, the greater is his V-parameter (see Fig. 2A, B). This
relation is virtually absent and not statistically significant in the
PLC group (see Fig. 2A, C; for additional results see Appendix E in
Supplementary material).

On the group level the hyperbolic model provided a

good fit of the data which did not differ between groups
(MSE MTOTAL = 0.08, SE = 0.006; MOXT = 0.08, SE = 0.01; MPLC = 0.23,
SE = 0.008; U = 0.815, p = 0.42). Furthermore, OXT had no general,
social-distance–independent effect on generous behavior; the AUC
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ig. 2. Results of the social-discounting task. (A) Correlation between trait empath
oney  shared with each social distance. For demonstration purposes, we  divided 

pplied  best-fitting group parameters. The lines represent the prediction of hyperb

id not differ significantly between the two groups (t(130) = 0.852,
 = 0.39).

. Discussion

Our data provide evidence for a social-distance–dependent
ffect of OXT on generosity. We  confirm our hypothesis by showing
hat the OXT-effect on social discounting is modulated by empa-
hy. There is a significant correlation between trait empathy and
-parameters in the OXT group, while there is no such correlation in
he PLC group. Since the V-parameter describes generosity for close
thers, our results suggest that OXT selectively increases generos-

ty towards people who are socially close, such as family members
nd good friends, depending on empathy levels.

Recently, the effects of intranasally administered OXT reported
n the literature have been debated in the context of trust behav-
or (Nave et al., 2015), concerning the inconsistency in its effects.
n the history of psychology and neuroscience, such observations
f inconsistency have been shown to be driven by personality dif-
erences (such as individual differences in empathy) or contextual
actors (task design, framing or instruction; Bartz et al., 2011; Olff
t al., 2013). Given the domain specificity of this debate, it is only
arginally relevant for our results. Further, we carefully controlled

he context and assessed personality measures in line with previ-
us studies (Barraza and Zak, 2009; Bartz et al., 2010; Rodrigues
t al., 2009; Strombach et al., 2015) to make our results compara-
le to other similar studies. Our results replicate previous studies
nding OXT affects for a wide range of social behaviors (Bartz et al.,
011; De Dreu, 2012b).

Recent findings have suggested that OXT promotes contact
eeking and approaching (remote) others by reducing anxiety,
nhancing affiliation, or increasing saliency for social cues (Bartz
t al., 2011; Lim and Young, 2006). Although, our data does not
xclude any of these possible mechanisms, we  find that OXT does
ot have a general approach enhancing effect, but a social distance
ependent effect by increasing generous behavior only towards
ocially close people. This inconsistency may  be driven by differ-
nt designs across studies, such that the majority of OXT studies do
ot include different social distances (see Bartz et al., 2011 for an
verview). In contrast, results of studies explicitly measuring dif-
erences in the relation of interacting partners are in line with our
esults (De Dreu, 2012b). Since socially close people can be consid-

red as in-group members, our data is supported by these previous
n-group results. Different from studies that usually compare the
XT effect towards in-group versus out-group members (De Dreu,
012a) by provoking a rivalry context, we did not explicitly intro-
 the V-parameter in the two groups (OXT and PLC). (B and C) Mean percentage of
cts into high (solid line) and low empathic (dashed line) using a median split and
odel in the OXT group (B) and PLC group (C) * p < 0.05.

duce an out-group and therefore had no rivalry context. By focusing
on positively valued people only, who  differ in their social distance,
we could still observe the OXT effect on social discounting.

Interestingly, we observed that there is a positive relation
between empathy scores and V-parameters in the OXT group, while
there is no significant relation between these parameters in the
PLC group. As discussed in several reviews, OXT often interacts
with individual factors (Olff et al., 2013), such as betrayal aver-
sion (De Dreu, 2012b) as well as contextual framing and social cues
(Marsh et al., 2015). Our finding might be explained by an associa-
tion between empathy and individual variations in OXT sensitivity.
Empathy was shown to be associated with differences in OXT recep-
tor genes (Luo et al., 2014; Rodrigues et al., 2009), which in turn
reflect differences in OXT receptor density, thereby causing vari-
ations in OXT sensitivity (Luo et al., 2014; Rodrigues et al., 2009).
Thus, assuming that differences in trait empathy are linked to dif-
ferences in OXT receptor genes, high empathic people might have
altered OXT sensitivity. This would explain the variations in the
effect of exogenous OXT.

Our study demonstrated that OXT impacts social discounting.
These results shed light onto the hormonal processes that under-
lie social discounting. Specifically, by showing that the effect of
OXT depends on individual differences in trait empathy, our results
emphasize the importance of taking individual differences into
account when investigating pharmacological interventions. Fur-
thermore, studies on generous behavior should consider social
distance as an important factor underlying generous behavior. In
order to obtain a full picture of generous behavior, all three vari-
ables need to be included in models aiming to explain generosity.
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