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Psychiatric disorders can affect our ability to successfully and enjoyably
interact with others. Conversely, having difficulties in social relations is
known to increase the risk of developing a psychiatric disorder. In this article,
the assumption that psychiatric disorders can be construed as disorders of
social interaction is reviewed from a clinical point of view. Furthermore,
it is argued that a psychiatrically motivated focus on the dynamics of social
interaction may help to provide new perspectives for the field of social neuroscience. Such progress may be crucial to realize social neuroscience’s
translational potential and to advance the transdiagnostic investigation of
the neurobiology of psychiatric disorders.

1. Introduction: psychiatric disorders as disorders of social
interaction rather than social observation
Several—if not all—psychiatric disorders can lead to or are characterized by
impairments in social functioning, which serve as an important diagnostic criterion
in clinical psychiatry. Having (or having had) difficulties in social interactions,
however, is also known to increase the risk of developing a psychiatric disorder
(e.g. [1]), thereby pointing towards a reciprocal relationship between social abilities
and (mental) health [2–5]. Not having or being able to make use of social resources
can lead to a perpetuation or worsening of clinical symptoms [6,7].
An important question for research into social impairments associated with
psychiatric disorders has been to ask whether these difficulties are actually subserved by disorder-specific or disorder-general mechanisms. In order to tackle
this, a prominent and very productive suggestion has been to reconstruct social
difficulties observed in psychiatric disorders as disorders of social cognition
(e.g. [8,9]). Social cognition is often broadly defined as the processes by which
people make sense of people [10], or processing that is elicited by, about and
directed towards other people [11]. More specifically, significant research efforts
have gone into understanding the human capacity to understand the mental
states of others and how those may help to explain and predict behaviour,
often termed having a ‘theory of mind’ [12,13]. This approach has been quite fruitful and has helped, for example, to investigate the neural bases of ‘Theory of
Mind’ and its alterations across disorder groups (e.g. [14,15]). In spite of this success, many open questions remain. For instance, it is unclear to what extent and
under which circumstances we really rely on an explicit ‘Theory of Mind’ and
how helpful this actually is in order to have successful and enjoyable social interactions. Consequently, the underlying conceptual approach has recently been
criticized for suggesting that making sense of other people is mainly a matter
of detached observation, during which we need to make use of limited information present in others’ behaviour in order to infer the hidden, underlying
psychological states. By means of observation, we can inform a ‘third-person perspective’ of what it must be like for her (or him) to be in a certain situation [16].
Alternatively, it has been suggested that we may bridge the gap between self
and other by projecting our own mental states onto another person, thereby
having a ‘first-person grasp’ of what it must be like for her/him (e.g. [17]).
In contrast to these spectatorial accounts of social cognition, which suggest
that understanding others is primarily a question of observing, alternatives
have been proposed, which emphasize the importance of various aspects of
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Table 1. Putative neural responses in vSTR across different types of gazebased social interaction and groups. Cued IA: context of the interaction
makes responses of an interaction partner highly predictable. Free IA:
context of the interaction does not make responses of an interaction
partner predictable. Plus and minus signs are meant to describe
interactions, in which the interaction partner responds either in a congruent
(þ) or incongruent (2) manner.
interaction types
cued
IA1

cued
IA2

free
IA1

free
IA2

neurotypicals

þ

2

þþ

2

autism
depression

þþ
þ

þþ
2

222
22

þ
22

substance use

2

2

þ

22

social anxiety
personality disorders

þ
þþ

2
22

2
þþþ

22
222

Table 2. Putative functional connectivity of vSTR and dorsolateral prefrontal
cortex (DLFPC) across different types of gaze-based social interaction and
groups.
interaction types

groups

cued
IA1

cued
IA2

free
IA1

free
IA2

neurotypicals
autism

þ
þþ

þþ
222

22
þþþ

þþ
þ

depression
substance use

þ
22

22
2

2
22

2
2

social anxiety

2

2

þþ

þþ

personality disorders

22

þþþ

þ

þ

observation, here the idea is advanced that psychiatric disorders
constitute in fundamental ways disorders of social interaction.
One way to unpack this suggestion is by making reference to
the normative dimension of psychopathology, i.e. the necessity
to refer to intersubjectively established conventions when
defining mental disorders (e.g. [31]). Apart from this important
general idea, a focus on social interaction in psychiatry
can also help bring into view the importance of developmental trajectories across the lifespan and how experiences in
social interaction strongly shape our abilities to relate to one
another and can constitute an important risk factor for
mental disease [32]. Furthermore, we can think of psychiatric
disorders as having a strong impact on our ability to successfully and enjoyably engage in social interaction, thereby
pointing towards a reciprocal relationship between social abilities and mental health. In the following sections, the idea of
psychiatric disorders as disorders of social interaction rather
than social observation will be reviewed from a clinical point
of view for different patient groups, while focusing in particular on reward- and motivation-related aspects of social
interactions (see also tables 1 and 2). Subsequently, it will
be argued that a psychiatrically motivated focus on social
interaction may also help to provide new perspectives for
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social interactions for social understanding (e.g. [18,19]).
These accounts—sometimes contrastively described as the
‘second-person’ approach to other minds—ask whether
social cognition from an observer’s point of view is really the
most pervasive way of knowing other minds and suggest
that social cognition may be fundamentally different when
we are actively engaged with others in ongoing social interaction, i.e. when we engage in social cognition from an
interactor’s point of view [3,4]. In such cases of active participation in social interaction, automatically coordinating one’s
own behaviour with that of the other and being emotionally
responsive could complement and/or decrease the need for
more cognitive ways of understanding, while the absence of
such responses could make social cognition a more effortful
process (e.g. [20]). At this point, it is important to point out
that a second-person account is not incompatible with firstand third-person accounts, but rather asks how these accounts
differ and how they interact with each other (see [3,4] for
details). Consequently, a second-person account seeks to
systematically investigate the conditions under which individuals tend to use different strategies to understand conspecifics.
In this respect, two constituents of second-person engagements
have been be distinguished. Firstly, it has been argued [3,4]
that awareness of other minds relies on an emotional responsiveness to another person’s states or actions as compared
to a detached observer’s attitude, which does not include
such responding. Such emotional responses are assumed to
influence action control by a modulation of sensorimotor integration, which, in turn, can solicit activity and observable
behaviour (e.g. [21]). Secondly, it has been suggested humans
may have an intrinsic motivation to initiated social interaction
and engage in the reciprocal relations they entail [22], which
may explain why during social interactions perception of the
environment appears to be automatically biased towards
processing the resources held collectively by both interactors
rather than those held by each individual alone [23–25].
Furthermore, social interactions involve a certain historicity,
i.e. how one has interacted in the past, which suggests that
social phenomena should be understood and investigated in
terms of developmental trajectories across different scales of
temporal resolution [3,4,26].
As part of the reconstruction of psychiatric disorders as disorders of social cognition, many proponents of such an
approach have relied on a characterization of mental disorders
being related to disturbances of the ability to consciously think
about the mental states of others. In this regard, different
patient groups have been thought to fall onto different
positions on a spectrum of such mentalizing difficulties
(hypo- versus hypermentalizing; cf. [8]). While this approach
has been a powerful driving force for research activities,
recent evidence demonstrates that important dissociations
exist between implicit and explicit levels of social cognition
in psychiatric disorders, such that patients may be capable of
explicit mental state attribution but show deficits on a more
automatic level of processing (e.g. [4,27,28]). But even in
cases where surprisingly normal performance on more implicit
measures of social cognition has been observed in patients in a
laboratory setting (e.g. [29]), this can be completely unrelated
to patients’ profound impairments in everyday-life social interaction, thereby pointing towards the need for the development
of measures with greater ecological validity [30].
Consequently and in contrast to accounts that view
psychiatric disorders as disorders of social cognition or social

Autism spectrum disorders are neurodevelopmental disorders
with an estimated global prevalence of approximately
17/10 000, a substantial genetic component and qualitative
impairments of social interaction and communication [33].
Autism spectrum disorders are characterized by persistent deficits in social communication and social interaction across
multiple contexts and restricted, repetitive patterns of behaviour,
interests or activities (DSM5). The impairments of social interaction and communication can only reliably be diagnosed at
the age of 2 (cf. [34]), but appear to be preceded by other indicators of social disability in infancy, such as a decline in eye
fixations (e.g. [35,36]). So-called high-functioning autism is
defined by the clinical triad described above, in the absence of
intellectual impairments. Interestingly, individuals with highfunctioning autism are not always diagnosed in childhood and
adolescence. This might be due to compensatory strategies
these individuals can develop, because of their intact intellectual
capacities. Often individuals with high-functioning autism are
diagnosed in early adulthood when the core autistic symptoms
prevent successful professional activities and other forms of
social integration.
With regard to autism, a long-standing and prominent
suggestion has been that the characteristic social deficits
of autism can be construed as a failure of a ‘theory of
mind’, i.e. a specific inability to take into account the mental
states of others. Interestingly, many individuals with highfunctioning autism, however, are actually able to do exactly
this in the form of explicit mental state attribution (cf. [27])
and may, in fact, spend much more time thinking about other
people’s mental states than most non-autistic persons, because
they try to make use of this ability in an attempt to compensate
for their inability to engage in social interactions. Also, it has
been shown that when individuals with high-functioning
autism are prompted to use explicit mental state attribution,
not only can they do this, but this leads to a recruitment of similar brain regions as in neurotypicals [37]. This emphasizes
further that what is characteristically different in individuals
with autism is a lack of spontaneous mentalizing and/or behavioural adaptation and that in spite of an intact ability to
consciously reflect upon others’ mental states, patients still
have dramatic difficulties in real-time social interactions.
In light of the discrepancy between intact ‘mind-reading’
abilities and an inability to successfully participate in everyday-life social interactions, it has been suggested that social
impairments in autism—rather than being a result of deficits
in ‘theory of mind’—could be related to an inability to automatically and quickly integrate social cues when generating
actions oneself (e.g. [3,4,25]). Indeed, patients with autism
describe that direct social interactions are difficult, because
of their immediacy and the necessity to respond quickly,
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(a) The case of high-functioning autism

while more structured interactions (e.g. via email or text messaging) or situations of social observation, which require
no active engagement at all, are experienced as much less
stressful. These clinical insights are consistent with recent
data that show intact action perception in autism during
observation [29], but an absence of automatic behavioural
adaptation when social stimuli are directed towards patients
(e.g. [25]). The exact nature and interaction of the subpersonal
processes that underlie this observable lack of social responsivity in autism in direct interaction are, however, still a
matter of controversy.
A currently prominent theoretical suggestion states that
the autistic spectrum might be characterized by deficits of predictive coding or Bayesian inference [38,39], i.e. alterations of
the brain’s inference on the hidden causes of socially relevant
sensory signals. Furthermore, predictive coding formulations
of perception propose that expectations in higher brain areas
generate top-down predictions that meet bottom-up stimulus-related signals from lower sensory areas. The discrepancy
between actual sensory input and predictions of that input is
described as a prediction error. With regard to autism, it has
been proposed that autistic traits might be related to higher
sensory precision, i.e. a stronger reliance on (bottom-up) sensory evidence as compared to (top-down) prior beliefs, which
can lead to a failure of contextualizing sensory information in
a socially adequate fashion [40]. Furthermore, the reliance on
prior beliefs might be particularly important and relevant in
situations of high uncertainty such as real-time social interactions with others. Again, this proposition resonates with
clinical descriptions of patients with autism having a particular
dislike for situations of direct social interaction with others,
whereas situations of social observation (when other agents
are merely being observed) are described as less difficult
[3,4]. Other accounts that have recently been linked to putative
alterations of predictive coding in autism are ‘weak central
coherence’, which considers autism as a different, detailedoriented cognitive style [41,42]. More precisely, it claims that
people with an autism spectrum disorder tend have difficulties
in perceiving information in context, because of difficulties in
predicting visual information based on neighbouring and historical information [43]. Also executive dysfunction is observed
in autism [44] and could also be related to underlying deficits
of predictive coding ([45]; for a review of different cognitive
theories of autism and their putative relationship to predictive
coding, see [46]).
Another important theoretical account of autism suggests
that autistic symptomatology and social impairments might
be related to deficits in social reward processing [47]. Importantly, this ‘social motivation theory of autism’ assumes that
deficits in social cognition are preceded by and secondary to
a diminished social motivation. The emphasis on social
reward processing resonates with the here described account
of understanding autism (and other psychiatric disorders) as
disturbances of social interaction, because human beings are
known to be intrinsically motivated to engage in social interactions [22] and different psychiatric disturbances are likely
to have an effect on this ([3,4,48]; see tables 1 and 2). So far,
however, many studies have focused on extrinsic forms of
reward (money, food, etc.), because the rewarding aspects
of social interaction have been difficult to investigate (e.g.
[49]). Here, the use of ecologically valid, gaze-based social
interactions opens a new avenue for neuroimaging research
in psychiatry [49], and could help to investigate how contextual

rstb.royalsocietypublishing.org

the burgeoning field of social neuroscience, thereby promoting
the development of a truly social or second-person neuroscience. By focusing on the specific behavioural processes
relevant for everyday-life social interaction, it may be possible
to investigate those specific neurobiological components that
contribute to interaction abilities. Such progress could,
therefore, be crucial to realize social neuroscience’s translational potential and may help to advance the transdiagnostic
investigation of those neurofunctional systems that underlie
psychiatric disorders.

Impairments of interpersonal functioning are also central
to personality disorders (e.g. [51]). This insight has been explicitly translated into the model of personality disorder as part of
the latest version of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5, Section III), which views impairments of interpersonal functioning as a primary manifestation
of an impairment of personality functioning. In contrast to
neurodevelopmental disorders, differences in interaction
styles and impairments of interpersonal functioning associated
with personality disorders present later in life after a period of
relatively normal social functioning. Nonetheless, personality
disorders are thought to be characterized by alterations of
developmental trajectories during which relevant experiences
(or a lack thereof) made in social interactions may bring
about maladaptive patterns of thought and behaviour, which
can constrain and increasingly limit flexibility in social interactions later in life [52]. This, in turn, negatively affects
experiences of social interaction in individuals with personality
disorders and can even lead to derailments thereof. In fact,
the clinical presentation of personality disorders is often
dominated by severe interpersonal dysfunctions, which constitute an important discriminator for diagnosis. Furthermore,
chronic, personality-related difficulties in social interaction
can also lead to other forms of transiently present psychopathology (such as states of depression) as evidenced by high
rates of psychiatric co-morbidity in personality disorders
(e.g. [53]).
While research in the past has attempted to explain interpersonal impairments in personality disorders most often in
terms of individual deficits emotional dysregulation, behavioural dyscontrol, and impaired social cognition, the interactionist
account of psychiatry advocated here suggests an emphasis on
how these individual capacities are tightly interwoven

(c) The case of depression
Depression is a highly prevalent mental disorder that is
characterized by low mood, anhedonia and decreased
activity. Furthermore, depression is associated with abnormally increased, self-defeating thoughts and self-referential
concerns, which are known to contribute to dysfunctional
interpersonal expectations and thereby make successful participation in social interaction difficult [67]. In particular,
individuals with depression lose the sense of having an
impact on other people, while, in fact, they do. Since social
interactions are normally experienced as intrinsically rewarding [22], unsuccessful or reduced social interactions can
further contribute to depressive symptomatology and its prolongation [68]. But as in all cases of psychiatric disorders,
depressive symptomatology will also affect the interaction
partners of patients: from a clinical perspective, it is well
recognized that depressive symptoms in a person are likely
to trigger support and encouragement from others to which
the depressed individual cannot respond adequately. This
can, in turn, lead to even greater efforts by others. When
those also fail to have an effect, social support is often withdrawn, which may also be accompanied by sentiments of
anger and frustration. This development often further accentuates feelings of low self-esteem and self-defeating thoughts
in the depressed individual. Breaking this cycle of negative
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(b) The case of personality disorders

and interdependent with the process of social interaction
(cf. [54–56]). This development appears essential as patients
often show normal performance in non-interactive social cognitive tasks (cf. [4,27,52]). Therefore, the use of more complex and
ecologically valid paradigms is likely to help tap into those processes that underlie social dysfunction in everyday-life social
interactions. With regard to emotional regulation, for instance,
it can be argued that emotion regulation in ontogeny is primarily an interpersonally constituted process, which may rely on
parental abilities of social buffering [57]. Only later in life do
children fully develop the capacity to independently regulate
their own emotions. Even in adulthood, however, emotions
are often regulated by family members, friends and—when
emotions become a burden to our health—by professional
therapists [58,59]. Consistently, effective psychotherapies for
personality disorders include interventions to ameliorate
psychopathology by addressing interpersonal difficulties [60,61].
On the interactive view, personality-related differences in
interpersonal expectations are likely to have an impact on
how rewarding social interactions are experienced and how
individuals react to signals of social support and exclusion
([62]; see tables 1 and 2 for suggestions about the underlying
neurobiology). In this respect, deficits in empathic abilities
are likely to be also relevant and could interact with lower
level, reward-based processes. Recent studies have, indeed,
produced evidence for personality-associated differences in
reward processing (e.g. [62–66]), but this has been restricted
to the use of stimuli relatively poor in ecological validity,
which has limited the possibility of translating these insights
into therapeutic options. In light of the tight association of
impairments in personality functioning and impairments of
social interaction, future research could, therefore, focus on
the study of interaction-based social rewards to search for
disorder-specific differences and how those interact with
social cognitive abilities, but could also be used to characterize
this interplay in a transdiagnostic manner.

rstb.royalsocietypublishing.org

cues make an otherwise non-rewarding social interaction more
interesting for individuals with autism.
In this respect, and somewhat contrary to the abovedescribed theory of social motivation, it is important to point
out that individuals with high-functioning autism appear to
develop some level of social motivation. Patients may, for
instance, be prepared to establish and engage in social contacts
when those can be maintained in a way that is compatible
with their own communication requirements: e.g. it has been
demonstrated that individuals with autism prefer verbal
rather than non-verbal communication [50] and are often
keen on using mediated forms of communication, which
allow for a structured and sequential exchange of information.
Most interestingly, high-functioning individuals with autism
describe that social interactions with other autistic individuals
tend to be less effortful and more efficient compared to interactions with non-autistic persons. This level of success during
within-group interactions does contrast with a general notion
of interaction impairments—as suggested by the psychiatric
classifications—and could be taken to suggest that greater similarities in communication and interaction styles exist within the
patient as compared to non-patient groups. Future research
could address similarities and differences in communication
and interaction across patient and control groups and investigate how those might be related to similarities and differences
in measures of functional and anatomical brain connectivity
across autistic brains and non-autistic brains.

Schizophrenia (SCZ) is a complex mental disorder whose
underlying neurobiology is only incompletely understood.
Due to its early peak age of onset, severity of symptoms and
associated disability, SCZ is one of the costliest mental disorders in terms of human suffering and economic
expenditure (cf. [80]). In terms of psychopathology, SCZ is
characterized by delusions and hallucinations ( positive symptom dimension), but also alterations of drive and volition
(negative symptom dimension), cognitive symptoms and affective dysregulation (cf. [81]). Impairments of the ability to
engage successfully in social interactions are also well documented in schizophrenia (e.g. [82–85]). Most interestingly, it
has been shown that in interaction with a schizophrenic patient,
it is the behaviour of the ‘normal’ interaction partner that
changes to compensate for the behaviour of the patient [86].
In terms of the underlying cognitive processes, social
impairments in schizophrenia have prominently been related
to disturbances of self- and other-related processing (e.g.
[87]). Here, patients are thought to attribute more meaning
to their social surroundings than usual, reflected in socalled positive symptoms such as delusions and paranoia
[8]. Alternatively, social impairments in schizophrenia have
been described as being related to a ‘loss of natural evidence’
for being in a world that is implicitly and intersubjectively
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(d) The case of schizophrenia

shared with others. Such a state, it has been argued, can
easily lead to alienation and social withdrawal, which may
culminate in a psychotic crisis, in which the lost intersubjective meanings are replaced by a private world of delusions
[88,89]. The latter aspects have been related to the negative
symptom dimension of schizophrenia, which is known to
be highly relevant for prognosis and socio-economic outcome
[90,91]. Interestingly, social cognitive impairments found are
not only in schizophrenia but already during prodromal stages
of the illness during which, in particular, alterations of attributional biases can already be detected [92]. Differences in
attributional style have been thought to play an important
role in the formation and maintenance of persecutory ideations
and other positive symptoms [93].
In addition, different lines of research implicate dysfunction of striatal neurocircuitry in schizophrenia, which has
been associated with impairments of wanting, liking and learning and could be particularly relevant for social interaction, as
it has been shown that successful and enjoyable participation in
social interaction significantly draws upon these neurocircuits
[22,49]. Mesolimbic dopamine circuitry has been shown to play
a role in so-called ‘wanting’ responses in animals and humans,
i.e. their motivation for a reward as measured by a willingness
to work for it (e.g. [94,95]). Consistently, non-invasive neuroimaging has shown differential effects in the striatum during
reward anticipation in healthy controls and a reduction thereof
across different stages of schizophrenia (e.g. [96–99]; see
tables 1 and 2). As for the ‘liking’ component of reward processing, i.e. the actual self-reported pleasure of reward, activations
of the nucleus accumbens have been reported across different
reward types (e.g. [22,100]). In patients with schizophrenia,
studies suggest that they show blunted responses when receiving reward, while a correlation has also been reported with
negative symptoms [101,102].
With regard to learning processes, it has been shown that
ventral striatal activity is involved in computing prediction
errors, which are believed to drive surprised-based reinforcement learning (cf. [103]). With regard to schizophrenia, it has
been suggested that deficits in such predictive signals may
actually underlie psychotic symptoms [104]. In the context
of a framework that assumes that the brain relies on Bayesian
inference to predict the causes of sensory signals, it has been
proposed that many disorder-associated abnormalities could
be the result of a failure to predict sensory input, thereby rendering all input surprising. Specifically, the main problem
may not lie with the prediction of sensory input per se, but
in the balance of precision or confidence, which is ascribed
to prior beliefs about the state of the world and sensory
evidence (cf. [105]). Here, patients with schizophrenia have
been shown to be abnormally aware of the sensations associated with voluntary movements. Because of this failure to
attenuate sensory feedback associated with the movement,
voluntary movements may actually feel like involuntary
movements for patients [106,107]. Furthermore, it has been
suggested that in patients with schizophrenia, the updating
of beliefs about the world is disrupted, such that patients base
their conclusions on less evidence than healthy controls [108],
that they over-attribute contingency to the actions of other
agents and that this is related to an over-active mesolimbic
dopamine system [109,110].
With regard to the over-attribution of contingency and/or
intentionality to the actions of others, the use of truly interactive experimental paradigms which include a closed loop
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reinforcement by providing information about the disorder
and how to treat it to both patients and families constitutes
an important therapeutic intervention.
Apart from alterations of social interaction during the
acute illness, it has been recognized that the absence of social
support and/or negative interpersonal experiences throughout
the lifespan constitute an important risk factor for the development of depression and have, thus, become a key target of
psychotherapeutic interventions [69,70]. Apart from being
intrinsically rewarding and motivating, social interactions
(or their absence) can also constitute an important stressor
[71,72], which may be particularly true for individuals for
whom positive reinforcement in social interactions is very
important and/or for individuals who react strongly to signs
of social rejection or inclusion [73,74]. Indeed, neuroimaging
studies have found reduced brain activations in rewardrelated neurocircuitry during depressive episodes ([75–77];
see tables 1 and 2), but social interaction-based rewards have
not yet been systematically studied.
Furthermore, recent studies have produced evidence for an
emerging ‘hyperconnectivity’ hypothesis of depression, which
suggests that higher connectivity is present in individuals
with depression as compared to healthy individuals and that
normalization of these aberrant patterns of connectivity correlates with reductions of clinical symptoms [78]. Interestingly,
the areas of hyperconnectivity in depression overlap largely
with areas of the ‘social’ brain, which has been demonstrated
by means of a meta-analytically defined network analysis of
resting-state fMRI data in depression [79]. The latter study
was based on the idea that depression is characterized by affective symptoms and alterations of self-referential cognition and
introspection, which together adversely affect social interaction.
Importantly, a control analysis in this study, which investigated
a language-related neural network, demonstrates that the
observed group differences are specific to the social brain and
not manifestations of a more general pathology.

Substance use and dependence disorders are chronically relapsing disorders which are defined by uncontrolled and
compulsive drug use, and constitute a major social, legal and
public health problem. Despite severe negative consequences
including disrupted social relationships, loss of employment,
and somatic and psychiatric illnesses, an addicted person’s life
is often centred around the drug of choice and activities related
to it. After cannabis, cocaine is the second most prevalent illegal
drug in the United States and Europe with a lifetime prevalence
among young adults of 6.3% in Europe (15–34 years) and 13.3%
in the United States (18–25 years) (EMCDDA 2012; HHS 2011).
Apart from the negative consequences of drug use on social
relationships, additional evidence exists to suggest that problems in social relationships may also be a contributing factor
to the development of substance use (e.g. [112]).
Social cognition and social support in drug users are vital,
as they have been reported to influence both the onset of substance use and treatment success in substance use disorders.
Previous research suggests that, for example, cocaine users
show only relatively subtle impairments in different facets of
social cognition, particularly in emotional empathy, mental
perspective taking and emotion recognition in prosody [113].
Furthermore, in money distribution games, cocaine users act
more self-servingly and less altruistic than stimulant-naive
controls, which is also consistent with clinical descriptions of
addiction-related behaviour.
Based on these observations, Preller et al. [114] conducted
a study to investigate the impact of cocaine use on interpersonal functioning and its relation to real-life social behaviour. In
this study, a gaze-based social interaction task established in
our laboratory was used in a multimodal, psychophysiological and neuroimaging study. Here, it was demonstrated that
cocaine users process social gaze cues during an ongoing
interaction differently from healthy controls and that these
impairments are, in fact, related to a reduced activation of
the brain’s reward system (tables 1 and 2). Other studies
have found evidence for dysconnectivity between brain
areas underlying reward processing and areas involved in
cognitive control, which may represent an additional factor
that could explain socially inadequate behaviour (e.g. [115]).

(f ) The case of social anxiety disorders
Social anxiety disorder (SAD) or social phobia is a highly prevalent psychiatric disorder (lifetime prevalence of about 12%),
the most common anxiety disorder and is characterized by
anxiety-related symptoms, such as intense fear in one or more
social situations, which cause significant distress and disability.
As with other psychiatric disorders, social phobia-related difficulties extend beyond the individual: while it has been stressed
that social anxiety may arise from the reactivation of relational

2. Towards a second-person neuroscience:
targeting the neural mechanisms of social
interaction rather than social observation
The burgeoning field of social neuroscience has come a long
way since its inception [123,124] and has helped to characterize
the neurobiological bases of social cognition. The neural
mechanisms that underlie actual social interactions in real life,
however, are less well understood [3,4,125]. An important
avenue for future research in social neuroscience, therefore, consists in systematically investigating the neural basis of active
participation in real-time social interaction. This endeavour
has been described as the development towards a ‘secondperson neuroscience’, which promises to provide new insights
into how activity in large-scale neural networks, which are
considered as the neural substrates of social cognition and
constitute the so-called ‘social brain’, is modulated by social
interactions ([3,4]; cf. [126,127]; see figure 1 for a depiction of
the relevant brain regions).
Furthermore, this second-person approach suggests that
social cognition is fundamentally different when we are in interaction with others rather than merely observing them, thereby
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(e) The case of substance use disorders

knowledge based on negative experiences with significant
others, it has also been shown that social anxiety, in turn,
impairs interpersonal relationships and that it is, therefore,
associated with fewer and more negative social relationships at
all stages of life. For instance, shy individuals are seen as less
intelligent than non-shy people during initial interactions, even
though there is no actual association between social anxiety
and intelligence [116]. Apart from negative responses by
others’ towards individuals with social anxiety, it is a matter of
some debate whether interpersonal problems on the side of the
patient are primarily related to social skill deficits or constitute
self-protective strategies [117]. Irrespective of this question, it is
well known that interpersonal processes continue to shape and
perpetuate social fears across the lifespan, which has led to the
proposition of an interpersonal cycle of social anxiety [118].
In parallel with the conceptual emphasis on intra- as
compared to interpersonal aspects of SAD, different therapeutic approaches have been developed. Whereas cognitive
approaches focus on the modification of intrapersonal mechanisms, interpersonal approaches focus on the modification of
patterns of interpersonal relationships and thereby help to alleviate SAD symptoms. While cognitive therapy has been shown
to be more effective in reducing social phobia symptoms, it has
been shown in a direct comparison study that both forms of
therapy lead to considerable clinical improvements maintained
1 year after treatment [119].
Today, the prediction of treatment outcome in social
anxiety is difficult to do on a behavioural basis. Only very
few neuroimaging studies exist that have attempted to measure
brain activation in patients with SAD in search for biomarkers.
While this approach has shown some success for cognitive
therapy (e.g. [120]), no attempts have been made so far for
interpersonal therapy. Future research could, therefore, turn
towards the use of interaction-based fMRI in order to fill this
gap and to further investigate the interpersonal dimension of
social anxiety and differences in reward-based neurocircuitry
and its interaction with the amygdala at the neural level (e.g.
[121,122]; tables 1 and 2).
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feedback between the behaviour of patients and (virtual)
agents might also be particularly promising. In previous
research, Pfeiffer et al. [111] were able to demonstrate that
the subjective experience of interpersonal contingencies is
tightly linked to certain latencies during which the behaviour
of another person is perceived as contingent upon one’s own
or as belonging to another human being (rather than a computer). These kinds of non-verbal Turing tests could be
exploited further to investigate aspects of interpersonal
behaviour and cognition across the psychotic spectrum.

pointing towards the importance of experiencing and interacting
with others as our primary ways of knowing them [3,4]. On this
view, firstly, awareness of other minds is thought to hinge upon
emotional engagement and a responsiveness to another person’s
states or actions as compared to a detached observer’s attitude,
which does not include such responding (cf. [129]). Here,
emotional responses are thought to constitute an important
way of perceiving and integrating the state of the other by way
of experiencing one’s own bodily responses to her (e.g. [21]). Secondly, the process of social interaction is seen as a key constituent
of grasping other minds. Social interactions are characterized by
reciprocal relations, with the perception of socially relevant
information prompting (re-)actions, which are themselves
reacted to. In social interaction, we rely upon our practical
‘know-how’ in dealing with others [130]. From this perspective,
other accounts of social cognition may overemphasize that social
cognition is grounded in explicit inferences about others’ minds.
In contrast to this, social cognition is thought to occur within and
to be motivated by social interaction [3,4].
Recent studies have, indeed, provided evidence that human
beings are intrinsically motivated to engage in (gaze-based)
social interactions and to coordinate their visual attention
with others. Furthermore, engaging in such behaviour activates
parts of the ‘reward system’ of the brain (ventral striatum
(vSTR)), even in the absence of a common goal or shared intention [22,49]. Interestingly, the vSTR is also closely connected to
hubs of other neural networks that are thought to be relevant for
social cognition and interaction, such as the so-called ‘mentalizing network’, which comprises medial prefrontal, medial
parietal cortex and the temporoparietal junction area (tables 1
and 2 and figure 1). For instance, measures of connectivity
between vSTR and medial prefrontal cortex have been related
to self-evaluations in comparison to conspecifics [131] and are
likely to represent a driving force behind the human motivation
to engage in social interaction and to be strongly affected by
social comparisons [132]. In recent years, an increasing
number of neuroimaging studies have been realized that are

Based on the assumption that psychiatric disorders can be
reconstructed as disorders of social cognition, attempts
have been made to relate social cognitive deficits in patient
populations to possible dysfunction of what has become
known as the ‘social brain’ [11,133]. While there is great
merit to be found in this approach, it should have become
clear from the description of psychiatric disorders provided
above that this initial formulation may have overemphasized
explicit forms of social cognition while neglecting those automatic processes that are most relevant when we actively
engage with others during real-time social interactions. Consequently, the knowledge of alterations of neurofunctional
systems which are relevant for those specific behavioural processes that are relevant for successful participation in real-life
social interaction is still limited, which has impeded translational social neuroscience approaches whose aim it is to
understand the neural bases of commonalities and differences
in fundamental deficits of interpersonal behaviour associated
with different psychiatric disorders (e.g. [9,134]). Advances in
this direction could ultimately contribute to the aim of improving therapeutic interventions by means of neuroimaging (e.g.
[135]).
The interpersonal dimension of psychopathology has
long been recognized in psychiatry, because assessment of
individual behaviour and first-person experiences require
comparison with an intersubjectively shared consensus and
can only take place in communication (e.g. [136,137]). Interestingly, recent developments of the psychiatric diagnostic
manuals have begun to re-focus the interpersonal dimension
of psychopathology across different diagnostic categories,
which parallels—to some extent—the above-described developments within social neuroscience. Also, recently proposed
developments of the approach to the scientific study of the
neurobiology of mental disorders have focused on transdiagnostic investigations and include social processes as a key
target [138].
The approach advocated in this article suggests that
making use of the second-person neuroscience toolbox for
the investigation of the neurobiology of psychiatric disorders
can help to address and study phenomena that are inherently
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Figure 1. Brain regions involved during social interaction. This figure was
created by using the automated meta-analysis functionality provided by NeuroSynth.org and depicts brain regions that are associated with ‘mentalizing’,
‘mirror’, ‘social reward’, ‘intentions’ and ‘executive’ (cf. different domains of
social cognition as described by Frith & Frith [128]).
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targeting the dynamics of social interaction, and these have
begun to yield new insights into the neural mechanisms of
social behaviour as it unfolds in real life (see [125] for a review).
Taken together, the second-person neuroscience approach
suggests that a characterization of the neural networks which
allow for active engagement in real-life social encounters
has to rely on using ecologically valid and truly interactive
paradigms, which can be used to investigate the neural mechanisms of participation in social interaction in the brains of
one or both interaction partners. Preliminary results from
neuroimaging highlight the involvement of reward-related
neurocircuitry in interaction with large-scale neural networks
known to subserve social cognition, thereby pointing towards
a complex interplay of brain regions that are needed to
account for interaction-specific processes.
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