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Abstract Reward processing plays a major role in goal-directed behavior and
motivation. On the neural level, it is mediated by a complex network of brain
structures called the dopaminergic reward system. In the last decade, neuroscientific
researchers have become increasingly interested in aspects of social interaction that
are experienced as rewarding. Recent neuroimaging studies have provided evidence
that the reward system mediates the processing of social stimuli in a manner
analogous to nonsocial rewards and thus motivates social behavior. In this context,
the neuropeptide oxytocin is assumed to play a key role by activating dopaminergic
reward pathways in response to social cues, inducing the rewarding quality of social
interactions. Alterations in the dopaminergic reward system have been found in
several psychiatric disorders that are accompanied by social interaction and moti-
vation problems, for example autism, attention deficit/hyperactivity disorder,
addiction disorders, and schizophrenia.
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1 Introduction

Rewards play a crucial part in almost all aspects of life and form the basis for
goal-directed behavior and motivation. For example, the rewarding nature of food and
sex assures survival and reproduction, the expectation of money and status drives
many humans to work hard, and the desire for social relatedness and affiliation guides
our behaviors during social interactions. Rewards such as food are called ‘primary
reinforcers’ as they satisfy basic needs and do not require learning of the reinforcing
value. In contrast, ‘secondary reinforcers’ such as money acquire their rewarding
value by learned associations with primary reinforcers. Generally, two temporally
distinct phases of reward processing need to be considered: an anticipatory phase and
a consummatory phase. During reward anticipation, incentive salience is attributed to
reward-predictive cues, rendering the stimulus a desirable goal and inducing
approach behavior, whereas reward consumption is characterized by hedonic reac-
tions to the pleasure gained by the reward (Berridge and Robinson 1998).

1.1 The Dopaminergic Reward System

On the neural level, reward processing is mediated by a number of different brain
regions. At the heart of this complex network is a cortical-basal ganglia circuit
comprising the ventral striatum (in particular the nucleus accumbens), orbital pre-
frontal cortex, anterior cingulate cortex, ventral pallidum, and the midbrain dopa-
mine neurons in the ventral tegmental area (VTA) and substantia nigra (SN) (Haber
and Knutson 2010). Dopamine projections from the VTA to the nucleus accumbens
(NAcc, see Fig. 1), the so-called mesolimbic pathway, are considered the most
important pathway for reward learning, anticipation, and approach behavior.
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Fig. 1 Dopaminergic pathways in the human brain. The mesolimbic (red) and mesocortical
(orange) pathways begin in the ventral tegmental area (VTA) and project to the nucleus
accumbens (NAcc) and prefrontal cortex (PFC). The nigrostriatal pathway (blue) transmits
dopamine from the substantia nigra (SN) to the dorsal striatum. See URL: https://commons.
wikimedia.org/wiki/File:Brain_human_sagittal_section.svg

Electrophysiological studies in monkeys and other mammals (Mirenowicz and
Schultz 1996) have demonstrated that midbrain dopamine neurons in the VTA and
SN (as well as neurons in their projection sites at the striatum, frontal cortex, and
amygdala) encode reward prediction error signals. That is, they show phasic acti-
vations in response to unpredicted and novel rewards. However, if the reward is
contingently preceded by a predictive cue, the firing responses to reward con-
sumption fade away and shift toward the predictive cue, reflecting reward antici-
pation. If an expected reward is omitted, neuronal firing is further suppressed,
encoding a negative prediction error. Further research showed that such
dopamine-related firing in the midbrain can also encode magnitude, probability, and
temporal delay of rewards (Schultz 2013).

Most of the knowledge about dopaminergic reward processing is based on
animal research, but recently there have been a few pioneering studies exploring
reward responses at the single neuron level in humans (e.g., Zaghloul et al. 2009;
Lega et al. 2011). For example, neuronal activity was recorded during
reward-related tasks in the SN of Parkinson patients and in the NAcc of individuals
with major depression and obsessive—compulsive disorder who underwent deep
brain stimulation surgery. In line with the animal data, these studies showed


https://commons.wikimedia.org/wiki/File:Brain_human_sagittal_section.svg
https://commons.wikimedia.org/wiki/File:Brain_human_sagittal_section.svg

210 L. Rademacher et al.

reward-responsive spike activity of nucleus accumbens and midbrain dopamine
neurons. Although it is important to show that the basic principles guiding reward
processing in humans are similar to those observed in animals, such studies are
limited in their generalizability since patient pathology (in particular related to the
dopaminergic circuitry) is an unavoidable confound and research with healthy
subjects cannot be carried out for ethical reasons. Therefore, noninvasive imaging
techniques such as functional magnetic resonance imaging (fMRI) are typically
applied to examine neuronal correlates of reward-related behavior in healthy
humans. Although fMRI cannot directly measure neural activity, there is evidence
that dopamine release in the NAcc increases the local blood-oxygen-level-
dependent (BOLD) signal (Knutson and Gibbs 2007).

1.2 fMRI Studies on Reward Processing

The simplest way to investigate human reward processing is to use experimental
designs, which contrast pictures with a positive valuation to those with a neutral,
negative, or less positive valuation. In this manner, fMRI studies have used a wide
range of primary and secondary rewards such as food, erotic pictures, attractive
faces, sports cars, funny cartoons, images of a romantic partner, and visual art (e.g.,
Stark et al. 2005; Beaver et al. 2006). Other studies use learning paradigms during
fMRI to map reward prediction error signals and the acquisition of predictive value
of stimuli to their respective brain areas (Daniel and Pollmann 2014).

Another common experimental paradigm to study reward processing using fMRI
is the incentive delay task. This paradigm includes explicit cues indicating whether
and which reward can be expected, if the participant performs a task correctly (e.g.,
hitting a button as fast as possible upon the appearance of a target). The incentive
delay paradigm is particularly useful to investigate reward anticipation in com-
parison with reward consumption. In recent years, it has been applied to examine
the anticipation of various primary and secondary rewards, for example money,
pleasant taste stimuli, smiling faces, erotic pictures, and professional success (e.g.,
Knutson et al. 2001; Paulus 2015; Spreckelmeyer et al. 2009).

In line with the electrophysiological results, fMRI studies have reported acti-
vations in dopamine-innervated brain regions during reinforcement learning and
reward processing, in particular the NAcc and orbital prefrontal cortex (see (Liu
et al. 2011) for meta-analysis). More specifically, imaging results confirm both the
encoding of reward signals and reward expectation/anticipation in the human
striatum, in prefrontal cortex, and in midbrain nuclei, which is strikingly similar to
the firing pattern of dopamine neurons that are observed in animal studies. These
findings support the crucial role of the mesocorticolimbic reward circuit for
incentive-based learning and reward anticipation. For reward anticipation, nucleus
accumbens, medial prefrontal, and orbitofrontal activities have been suggested to
represent a ‘common currency’ for the valuation of different reward types, ranging
from primary rewards to more complex and abstract reinforcers. Thus,
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mesocorticolimbic activity not only increases proportionally to the magnitude of an
expected reward but also represents the relative personal reward value (e.g., Gross
et al. 2014; Sescousse et al. 2014).

2 Social Reward

In social psychology, the quest for social acceptance and belonging is considered a
basic motive of humans: We have a strong motivation to seek social relationships
and enjoy friendship, mutual support, and understanding. On the other hand, social
belongingness makes us care for the needs of others and motivates us to act
pro-socially. Thus, it seems reasonable to assume that social connectedness and
pro-social behavior have a rewarding quality mediated by the mesolimbic reward
circuit. In the last decade, neuroscientific researchers have become increasingly
interested in the rewarding nature of social interaction (Krach et al. 2010). In this
context, the term ‘social reward’ has been employed for a broad variety of positive
social stimuli and experiences, ranging from static pictures of faces to complex
social experiences such as cooperation.

2.1 fMRI Studies on Social Reward

Genetic and pharmacological studies have shown that the dopamine system is
crucial for social interaction. For example, genes involved in striatal dopamine
transmission modulate social approach behavior (Enter et al. 2012) and a phar-
macological increase of the dopamine concentration improves learning about a
partner’s pro-social preferences (Eisenegger et al. 2013). In line with these findings,
several functional neuroimaging studies have demonstrated that structures of the
dopaminergic reward circuit are activated by social stimuli and experiences.

For instance, data obtained in neuroimaging studies support the view that social
belonging, acceptance, and support function as ‘social rewards,” confirming social
psychological theories: The ventral striatum was found to be activated when sub-
jects feel understood (Morelli et al. 2014) or receive positive feedback about
themselves (Izuma et al. 2008) but deactivated during a conflict with the prevailing
group opinion (Klucharev et al. 2009). Also, the mere expectation of positive social
feedback (e.g., in terms of a smiling face, verbal praise, or liking statements by
others) was shown to elicit ventral striatal activity (e.g., Kirsch et al. 2003;
Rademacher et al. 2010), reflecting a motivational drive for social approval.

Another type of social interaction experienced as rewarding is mutual support in
terms of collaboration. Even toddlers were shown to have a preference to access a
reward collaboratively instead of individually (Rekers et al. 2011). Accordingly,
fMRI studies in adults have demonstrated that cooperation with an unknown person
is associated with activations of the reward network (e.g., the NAcc, ACC,
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orbitofrontal and ventromedial prefrontal cortex). However, ventral striatal and
ACC (but not OFC) activity is specific to human social interaction and not elicited
when cooperating for instance with a computer partner (Rilling et al. 2002). These
findings have been interpreted to reflect reward learning in terms of who can be
trusted to cooperate, but also the rewarding nature of cooperation and reciprocated
favors, which motivates us to act pro-socially and to withstand the temptation of
being selfish (Strang and Park 2017).

The assumption that pro-social behavior has an intrinsic motivational value is
evidenced by situations where a rewarding experience occurs in the absence of any
direct benefit for oneself. For example, imaging studies have shown that donating is
associated with activations in structures of the mesolimbic network (ventral striatum,
VTA) (e.g., Moll et al. 2006). Moreover, monetary payoffs to charities activate the
mesolimbic network in similar ways as monetary rewards to oneself, suggesting that
the common neural currency of reward also relates to more complex incentives like
the ‘joy of giving’ and vicarious pleasure (Miiller-Pinzler et al. 2017), which make
pro-social behavior inherently rewarding. This assumption receives further support
from a study that used a gambling task, in which subjects could win rewards either
for themselves or for another person (Braams et al. 2014): Anticipatory ventral
striatal activity was equally strong when subjects played for the best friend and when
they played for their own benefit. However, the social relationship with the others
plays an important role: Anticipatory activity was found to be decreased when
playing for an unknown or a disliked other person (e.g., Braams et al. 2014). Hence,
the intrinsic motivational value of pro-social behavior and vicarious reward antici-
pation vary with social distance. This is in line with data showing that subjective
feelings of excitement and ventral striatal activity when receiving rewards together
with another person depend on the social distance of this person (Fareri et al. 2012).

These findings point to a complex involvement of the dopaminergic reward
system in social interaction, which is presumably modulated by other neurotrans-
mitters involved in social behavior, for example the neuropeptide oxytocin.

2.2 Oxytocin, Dopamine, and Social Behavior

Oxytocin is known to influence social behavior. It has been found to play a role in
pair bonding, sexual behavior, and parenting in different species—also in humans.
An increasing number of studies in humans also report an involvement of oxytocin
in higher-order social behavior. For example, there is evidence that oxytocin
increases emotion recognition, morality, altruism, trust, and generosity, but also
ethnocentrism (preferring to help and support the in-group) (see Evans et al. (2013)
for review). The underlying mechanisms of these effects of oxytocin are not yet
fully understood, but there is some evidence indicating that the dopaminergic
reward system plays an important role. A first important hint is the high density of
oxytocin receptors in brain regions that are also rich in dopamine receptors like the
amygdala, the NAcc, and the VTA (Skuse and Gallagher 2009). Second, an
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interaction of these two neurotransmitters has been observed. The effect of intra-
nasally administered oxytocin on the amygdala’s response to social stimuli has been
reported to be modulated by the availability of dopamine (Sauer et al. 2013).
Furthermore, animal studies have demonstrated that oxytocinergic circuits and the
mesocorticolimbic dopamine pathway are directly connected and the strength of
this connection is related to maternal caregiving behavior. Infusions of oxytocin in
the VTA result in increased dopamine release within the ventral striatum along with
increased maternal behaviors, whereas the injection of an oxytocin antagonist
results in the opposite behavior of maternal neglect (Strathearn 2011).

These findings have led to the assumption that an interaction of oxytocin with
dopamine regulates socio-affiliative behaviors. Social interaction may be rewarding
because oxytocin activates the dopaminergic reward system in response to social
cues. There are a few fMRI studies in humans that support this assumption. An
intranasal application of oxytocin was found to increase the BOLD response of the
VTA to cues signaling social reward or social punishment, which might indicate
that oxytocin modulates social behavior by attaching motivational salience to
socially relevant cues through mesolimbic dopamine projections (Groppe et al.
2013). Further studies could show that oxytocin facilitates learning with social
(rewarding and punishing) feedback and increases the VTA response of female
subjects to infant and sexual images as well as VTA and NAcc responses of male
subjects to their female partners (e.g., Scheele et al. 2013; Gregory et al. 2015).

So far, these studies support the hypothesis of an interaction of oxytocin with
dopamine. More research is needed to shed more light on this interaction and to
clarify whether it is the underlying mechanism that makes social interaction
rewarding and worth to seek. Other studies, however, have linked oxytocin
administration to different emotion processing systems. For example, oxytocin
modulates amygdala reactivity in response to threatening stimuli which may result
in anxiolytic effects. Thus, the effect of oxytocin is likely not restricted to the
dopaminergic system. Future studies will need to address in more detail to what
extent the modulation of the dopaminergic system may contribute to the effects of
oxytocin for social behavior.

3 C(linical Relevance

3.1 Autism

Autism spectrum disorder (ASD) is characterized by substantial impairments in
social interaction and communication, as well as repetitive behaviors and restricted
interests. Several recent theorists have focused on reduced social motivation for
reciprocal social behaviors to explain deficits in the domain of social interaction and
communication. An early lack of interest and pleasure with respect to social
encounters may result in cascading negative consequences such as decreased
expertise in faces, voices, and ultimately social cognition and behavior (e.g.,
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Chevallier et al. 2012). Consequently, research into the behavioral and neural
consequences of altered reward processing in ASD has received growing interest in
recent years. The results from behavioral studies targeting the social motivation
hypothesis are mixed. Several studies confirm a general decrease in sensitivity to
social reinforcement in comparison with other reinforcers, or a failure to improve
performance under social motivation conditions. Other studies revealed no differ-
ences or very subtle effects between social and nonsocial conditions. On the neural
level, several studies have demonstrated a domain-general dysfunction of the
reward system in ASD that does not seem to be restricted to social stimuli (e.g.,
Kohls et al. 2013), comprising diverse areas typically associated with reward
processing (including the striatum). Other studies have found differences associated
with the type of reward, for example more pronounced hypoactivations for social
reward conditions (Scott-Van Zeeland et al. 2010) in comparison with monetary
reward or differences only for social but not for nonsocial conditions (Delmonte
et al. 2012). Interestingly, reward stimuli that are associated with specific restricted
interests reliably engage reward circuitry also in ASD (Dichter and Adolphs 2012).
To summarize, these results suggest that the brain circuitry mediating dopaminergic
reward processing and reinforcement learning may remain functional in ASD, but
engagement of the system is highly dependent on the individual motivational value
of the employed reward stimuli.

This conclusion is well in accordance with clinical observations. The most
effective early behavioral interventions in autism typically use reinforcement-based
learning to shape behavior (e.g., applied behavior analysis (ABA)), and an essential
part of such interventions is giving salient, frequent positive feedback in response to
desired behaviors. Interestingly, this also includes social feedback (such as hugs,
smiling, ‘thumbs up,” verbal praise), but in a very salient and explicit way.
Additional ways of increasing saliency and motivational value of social stimuli thus
are a very promising approach for future interventions in ASD. Oxytocin has been
shown to modulate the processing of social stimuli (in particular during social
reward) and therefore might be a candidate pharmacological agent in this regard
(see Sect. 2.2 oxytocin, dopamine and social reward and Poustka and Kamp-Becker
2017). However, the first clinical trials testing the effect of chronic oxytocin
administration on the symptomatology of ASD have been somewhat disappointing
(see Guastella and Hickie (2015) for review). Future trials are needed to show
whether oxytocin proves effective in more targeted approaches—e.g., in combi-
nation with specific behavioral strategies or in specific subgroups of patients.

Taken together, it is not clear which aspects of reward processing are particularly
impaired in ASD or how these relate to deficits in social motivation and restricted
interests, and how they could be most effectively targeted in specific interventions.
Results from previous experimental studies are mixed, due to diverse differences
with respect to type of employed reward stimuli and behavioral paradigms. In future
studies, it would be useful to make use of computational models of reinforcement
learning that provide the possibility to tear apart different aspects of dysfunctional
reward processing, i.e., impaired reinforcement learning per se, failure to attach
motivational value during learning, or diminished reward value of primary and
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secondary reinforcers. The few studies employing such a strategy indicate that
learning per se might be slower in ASD and particularly impaired for social stimuli,
whereas reward value is enhanced for items related to ASD-specific interests.
Establishing stable associations via reinforcement learning seems to be more dif-
ficult for individuals with ASD who rely more on trial-by-trial updates (Solomon
et al. 2015).

3.2 ADHD

Attention deficit/hyperactivity disorder (ADHD) is closely related to dysfunctions
of the dopaminergic system. It has been suggested that altered reinforcement
mechanisms due to changes in dopamine signaling result in stronger immediate
behavioral sensitivity to rewards but at the same time impairments in reward
anticipation (Tripp and Wickens 2008). These changes might contribute to poor
behavioral control and increased impulsivity typically observed in patients with
ADHD. Several behavioral studies have confirmed atypical reward processing in
ADHD, including preference for immediate as compared to delayed rewards,
enhanced seeking of large but risky rewards, and less behavioral adaptation in
response to reward (see Luman et al. 2010 for review). On the neural level, reward
anticipation is associated with decreased activation of the ventral striatum in ADHD
(Scheres et al. 2007) for both immediate and delayed rewards, whereas ventral
striatal and orbitofrontal responses appear to be enhanced during reward outcome
(von Rhein et al. 2015). It should be highlighted that the vast majority of studies has
focused on monetary reward conditions, but only few studies have investigated
social reward in ADHD (e.g., Kohls et al. 2014). These studies suggest a
hyper-responsivity when task performance is coupled with social reward in com-
parison with monetary reward and an associated increase in striatal and medial
frontal brain areas. However, more research is needed to elucidate atypical sensi-
tivity for social rewards in ADHD and whether these are evident during processing
of reward outcome or reward anticipation.

3.3 Addiction

The dopaminergic reward system plays a crucial role in addictive disorders. All
known drugs of abuse acutely increase dopamine release in the nucleus accumbens,
but animal studies have shown that dopamine is already released in response to
drug-associated cues before the drug administration. Therefore, a sensitization of
the reward system is assumed (Robinson and Berridge 2000): Stimuli that were
learned to be associated with drug consumption attract attention, become desirable,
and motivate drug-taking behavior. In line with this theory, several fMRI studies
demonstrated increased striatal activity in smokers and alcoholics during the
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presentation of drug-associated pictures (e.g., Wrase et al. 2007). In contrast, other
studies which used stimuli not associated with the drug (e.g., monetary rewards)
reported decreased ventral striatal activation during reward anticipation (Wrase
et al. 2007; Peters et al. 2011). However, not all studies could replicate this finding.

So far, there has been little research on social reward in addiction. There are
several observations that suggest an interaction of social reward processing with
addictive behavior. First, patients with antisocial behavior disorders have an
increased risk for addiction and show an earlier start of consumption and more severe
abuse than other substance abusers. Second, social experiences during development
strongly affect drug use in later life, social bonds have a protective effect, and social
emotions can often be a driver for recovery. In this context, oxytocin appears to have
an important role: Exogenous oxytocin administration was found to prevent devel-
opment of tolerance to several drugs, to inhibit self-administration, and to reduce
withdrawal symptoms (McGregor and Bowen 2012). Third, addiction alters social
behaviors and is often associated with social dysfunction and isolation. It is assumed
that the increased motivation for drugs leads to decreased striving for naturally
rewarding stimuli such as social interaction. In line with this suggestion, a recent
study using a social interaction paradigm (Preller et al. 2014) demonstrated dimin-
ished emotional engagement and blunted reward responses in the medial orbito-
frontal cortex of cocaine users that were related to real-life social network size. These
results highlight the importance of social reward in the treatment of drug addiction
and point to the potential of oxytocin-based therapeutics.

3.4 Schizophrenia

Reward processing in patients suffering from schizophrenia represents an area of
particular clinical interest since motivational deficits often affect patients’ quality of
life and the common drug treatment is of limited effect. Not only motivational
deficits can be seen as a result of anhedonia, but also a dissociation between the
joyful reaction to a rewarding stimulus and the motivational behavior could be
detected: Patients with schizophrenia show relatively intact consummatory plea-
sure, but a limited motivation to achieve a reward.

Irregularities in dopamine transmission are an important part of the patho-
physiology of schizophrenia. Motivational deficits in patients suffering from
schizophrenia may be related to orbitofrontal cortex-driven value representation
deficits as well as to deficits in ‘effort—cost’ computation (Strauss et al. 2014). In the
latter case, an overexpression of postsynaptic D2 receptors rather than reduced
striatal dopamine release as well as cingulate dysfunction might contribute to
aberrant effort—value computations in patients suffering from schizophrenia.
Moreover, in previous studies, impairments in reward-related learning in people
with schizophrenia were found, which were associated with disturbed ventral
striatal activation: For example, individuals suffering from schizophrenia showed
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reduced BOLD activation in the ventral striatum, including the nucleus accumbens,
in response to prediction errors (Schlagenhauf et al. 2014). Furthermore, patients
showed inappropriately strong ventral striatal activations in response to neutral
stimuli as compared to healthy controls (e.g., Diaconescu et al. 2011). These
findings suggest that alterations in the mesolimbic dopamine system underlie def-
icits in reward-based learning. As a result, the discrimination between important
and unimportant environmental stimuli appears to be more difficult for patients
suffering from schizophrenia. Consequently, ‘aberrant salience’ to nonrelevant
stimuli may underlie some psychotic symptoms (Mier and Kirsch 2017), whereas
decreased salience attribution to reward-predicting cues may be associated with
negative symptoms like motivational deficits and avolition.

Several studies that examined monetary reward anticipation in schizophrenic
patients are consistent with this interpretation. fMRI studies showed a significantly
reduced activation in the ventral striatum in unmedicated and drug-naive patients
suffering from schizophrenia during the anticipation of monetary gains, indicating a
dysfunction of the reward system in schizophrenic patients (e.g., Juckel et al.
2006a). In unmedicated patients, the ventral striatal hypoactivity is correlated with
negative symptoms, while positive symptoms can be seen as a hyper-
responsiveness of the reward system. Studies in treated patients showed a less
pronounced hypofunction in the ventral striatum during reward anticipation when
patients were treated with atypical, but not with typical antipsychotics—this can be
explained by a stronger blockade of D2 receptors by typical antipsychotics (e.g.,
Juckel et al. 2006b).

So far, all studies on reward anticipation in schizophrenia have used monetary
rewards. However, there is evidence that disturbed social reward processing may
play a particular role in schizophrenia. Patients with schizophrenia have severe
impairments in social functioning and show reduced engagement in social inter-
actions—it seems plausible to assume that there is a disturbed sensitivity to social
rewards. A recent fMRI study using a trust game supports this hypothesis: Gromann
et al. (2013) found decreased striatal activity in patients with schizophrenia, which
was interpreted as a diminished sensitivity to rewarding aspects of social interac-
tion, resulting in reduced motivation to seek interaction. In addition, a behavioral
trust game study (Fett et al. 2012) demonstrated that patients with psychosis not
only showed lower initial levels of trust, but also were unable to change their
trusting behavior according to the interaction partner’s behavior—this might reflect
a prediction problem and insensitivity to social reward.

4 Summary and Outlook

To conclude, there is evidence that the dopaminergic reward network is of crucial
importance for social interaction. Mesocorticolimbic activity is suggested to rep-
resent a ‘common currency’ for the personal reward value of social and nonsocial
rewards and to motivate social behavior. However, there is also evidence for
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differences between social and nonsocial reward processing. For example, the
neuropeptide oxytocin is suggested to be involved in the activation of the
dopaminergic system in response to social stimuli. Although there is still no clear
picture, several psychiatric disorders have been reported to be associated with
disturbed social reward processing. Future research will need to clarify, which
aspects of reward processing might be dysfunctional in these disorders and whether
for example diminished personal reward values of social rewards can be increased
by therapeutic interventions.
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