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It is the aim of this article to present an empirically justified hypothesis

about the functional roles of the two social neural systems, namely the so-

called ‘mirror neuron system’ (MNS) and the ‘mentalizing system’ (MENT,

also ‘theory of mind network’ or ‘social neural network’). Both systems

are recruited during cognitive processes that are either related to interaction

or communication with other conspecifics, thereby constituting intersubjec-

tivity. The hypothesis is developed in the following steps: first, the

fundamental distinction that we make between persons and things is intro-

duced; second, communication is presented as the key process that allows us

to interact with others; third, the capacity to ‘mentalize’ or to understand the

inner experience of others is emphasized as the fundamental cognitive

capacity required to establish successful communication. On this back-

ground, it is proposed that MNS serves comparably early stages of social

information processing related to the ‘detection’ of spatial or bodily signals,

whereas MENT is recruited during comparably late stages of social infor-

mation processing related to the ‘evaluation’ of emotional and

psychological states of others. This hypothesis of MNS as a social detection

system and MENT as a social evaluation system is illustrated by findings in

the field of psychopathology. Finally, new research questions that can be

derived from this hypothesis are discussed.

This article is part of the themed issue ‘Physiological determinants of

social behaviour in animals’.
1. Introduction
As human beings we seemingly effortlessly interact with others by perceiving

and responding to signals exchanged between oneself and an interaction

partner both verbally and non-verbally. It is estimated that the exchange of

non-verbal cues for the purpose of communication is at least as important as

the verbal domain [1,2]. Non-verbal behaviour serves four different purposes,

namely: (i) modelling and coordination functions in the sense of a ‘motor

contagion’ [3], (ii) discourse functions, (iii) dialogue functions, and (iv) socio-

emotional functions [4]. They have a deep impact on the process and outcome

of our communication [5,6] and can contribute to our impression formation

very early during social encounters [7].

In the field of social neuroscience essentially two different neural systems

have been established as the fundamental neural correlates of all processes

related to social information processing. These two systems comprise the so-

called ‘mirror neuron system’ (MNS) and the ‘mentalizing’ system (MENT),

also referred to as ‘social neural network’ or ‘theory of mind network’. Both sys-

tems are recruited during interaction or communication with other human

beings in social encounters, thereby constituting intersubjectivity. Intersubjec-

tivity is defined as information processing performed by cognitive systems

that serve interaction or communication between persons or interactants

within and even between species. However, although it is claimed that both

systems have social functions, it is still today unclear which differential func-

tional roles have to be assigned to both neural systems. This article aims to
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develop and defend a speculative, but empirically justifiable

differential hypothesis about their functional roles.

The hypothesis is developed in different steps. First, we

have to make explicit the fundamental, but usually implicit

distinction that we make between persons and things.

Whereas persons have inner experiences, reasons, motiv-

ations or intentions-to-act that are usually described in the

framework of ‘folk psychology’, the behaviour of physical

things is completely explained by the impact of physical

forces in the framework of ‘folk physics’ (at least in the

scope of Newtonian mechanics). In a second step, this leads

to the phenomenon of communication that is only applicable

for the interaction between two persons or two cognitive

systems, but not between things, who can exchange infor-

mation for the purpose of an adaptive survival in their

environment. Third, the capacity to communicate with

others crucially depends on the capacity to ‘mentalize’ or to

understand, simulate, imagine or model the inner experience

of other persons. This field has been extensively studied in

the research domain of social neuroscience and has identified

the two different brain systems MNS and MENT. On this

basis, the hypothesis of MNS as a social detection system

and MENT as a social evaluation system can be developed

and defended. Finally, this hypothesis is illustrated

by empirical findings in the field of psychopathological con-

ditions and research questions derived from this hypothesis

are discussed.

2. Persons and things
Successful social encounters between two interaction partners

crucially depend on the adequate mutual understanding of

both interactants. We seemingly without any effort ascribe

mental states to other persons. This ‘mentalizing’ capacity

[8] has its roots in the ability to predict or explain the behav-

iour of other persons referred to as ‘theory of mind’ [9].

Mentalizing allows us to develop a ‘folk psychology’ as a

set of psychological rules on how other persons will presum-

ably experience and behave in given situations. The complex

phenomenon of intersubjectivity as information processing

allowing the exchange of inner experience in communicative

acts and the question of how we can attribute mental states to

others has been thoroughly studied by Fritz Heider in his

canonical work ‘Psychology of interpersonal relations’ [10]. We

cannot fully understand the other person as our understand-

ing of others is often enough only vague and ambiguous,

which limits our capacity to predict the behaviour of other

persons substantially [10, p. 2] and leads to an inherent

ambiguity and uncertainty [10, p. 29].

In contrast to persons, we are also confronted with things

or physical objects which require a concept of ‘folk physics’.

The behaviour of things follows the influence of physical

forces and relies on natural laws that are valid in the frame-

work of Newtonian mechanics. For instance, things

reproducibly fall to the ground if we let them go because of

gravity. In the case of persons, on the contrary, one cannot

expect another person to reliably respond to one’s own

directed gaze towards the other in the same, highly predict-

able manner, because persons have inner experiences

including motivations, reasons or intentions for their

behaviour that let them decide whether better to respond

or not to another persons gaze. This constitutes the funda-

mental difference between ‘thing perception’ (or ‘non-social
perception’) contrasting ‘person perception’ (or ‘social

perception’) ([10, p. 21]; table 1). Although both persons

and things can be described in physical terms, persons are

not merely physical things. The decisive differences are:

(i) persons have inner experiences such as perceptions,

imaginations, thoughts, feelings, etc., that let them act as

‘action centers’ on the basis of their internal reasoning

[10, p. 21], (ii) persons can establish a ‘peculiar functional clo-

seness and interaction’ in social encounters if they interact

with each other, for instance, on the basis of exchanging

non-verbal communication cues [10, p. 77]. This is, of

course, associated with a high degree of unpredictability in

the case of behaviour of persons ([10, p. 29]; table 1).

Reading other persons inner mental states relates to the

‘problem of other minds’, this is one of the essential sceptical

questions in epistemology and philosophy of mind [11]. More

than a century ago, it was explicitly put forward by the phi-

losopher John Stuart Mill: ‘By what evidence do I know, or by

what considerations am I led to believe, that there exist other

sentient creatures; that the walking and speaking figures

which I see and hear, have sensations and thoughts, or in

other words, possess Minds?’ [12, p. 243]. Evolution has pro-

vided a solution for the problem of other minds: learning

from and adapting to the behaviour of others is an indispen-

sible prerequisite for navigating and living in social groups

[13,14]. One can speculate that the unique capacity to

create, to process and to make use of social information

that humans share with other conspecifics constitutes a

remarkable evolutionary advantage, enabling us to commu-

nicate with others, and to join in complex forms of

collaboration. This has also become well known as the

so-called ‘cultural intelligence hypothesis’ stating that it

was essentially our social-cognitive capacities—rather than

general cognitive capacities—that provided this evolutionary

advantage for the human species. The comparison of non-

human primates with young children at the age of 2.5 years

showed that children were superior in social learning, in com-

munication and theory of mind tasks, whereas physical

cognitive capacities related to space, quantities and causality

were comparable between species [15]. This unique capacity

to navigate the social world, to adjust to social affordances

and to adapt and coordinate intentions, feelings and actions

with others [16] could even have substantially promoted

the evolutionary development of culture in a universal

sense including sciences, technology, arts and philosophy

within the human species [17,18].
3. Communication
On the background of this basic distinction between persons

and things, we now proceed to the necessary core features of

communication. Our human communicative capacities are

necessary for our survival, our navigation in the social

world and the full participation in culture and society.

Research during the last decade has provided ample evidence

that—beyond language—social understanding, rapport and

successful collaboration heavily depend on non-verbal

bodily communication. This implies dynamic decoding of

social behavioural cues from others and dynamic, online syn-

chronization with others [19]. Simple rhythmic alignment

and motor synchronization can influence cooperativeness

and group entitativity [20,21]. Non-verbal mimicry increases



Table 1. Differences between persons and things (according to [10]).

criteria persons things

inner

experience

existent; relevant for

behaviour

non-existent

behaviour internal intentions to

act

(action centers);

external physical

forces

external physical

forces

(mere

manipulanda)

predictability low (less perfect

constancy)

high ( perfect

constancy)

rstb.royalsocietypublishing.org
Phil.Trans.R.Soc.B

372:20160245

3

affiliation, fosters interdependent self-construal and supports the

generation of collaborative goals [22,23]. In other words, com-

munication serves as ‘social glue’ in human interactions and

groups [22]. Non-verbal communication is essential to establish,

maintain and monitor social interactions comprising the inter-

personal adjustment of higher-level psychological phenomena,

such as self-construal [24], cooperativeness [17] and group

entitativity referred to as the so-called ‘we-mode’ [16].

Conceptually, this perspective has been supported by

emphasizing the intersubjective relationship and communi-

cation in dyadic interactions between humans [25].

Innovative approaches in cognitive science turn to conceptions

of communication as co-creation and negotiation of social rea-

lity in the framework of social interactionism [26]. Already

early concepts in communication theory defined communi-

cation as a closed loop constituted by three different

elements: (i) the signal sent out by the first interaction partner

(addresser), (ii) the adequate processing by the interaction

partner (addressee), and (iii) his/her reaction to the signal of

the addresser which demonstrates that the sent signal was per-

ceived and understood by the addressee ([27, p. 15]; [28, p. 34

and p. 189]). By combining these three elements a ‘social

situation’ [27, p. 23 and p. 28] is constituted (figure 1).

Obviously, the feedback signal in the third step of the commu-

nicative loop can itself stimulate a reaction of the original

addresser who was asked to respond to the feedback signal

of the addressee. This can launch a series of communicative

events also known as turn-taking that might possibly end up

in an ongoing conversation of two persons.

Although the basic format always comprises in the one or

the other way the elements of sending an information, receiv-

ing and processing it and back-channelling an adequate

signal back to the sender, the variance of the individual

configuration or design of communicative encounters can

vary massively and is virtually infinite. Even unintended

signals sent out to other persons can be perceived and are

usually interpreted as a communicative signal. In other

words, ‘all actions and events have communicative aspects,

as soon as they are perceived by a human being’ [27, p. 6

and p. 31], ‘one cannot not communicate’ [29, p. 51].
4. Understanding the inner experience of others
Equipped by nature with unique prerequisites for social

information processing for the purpose of communication

and interaction with others, humans already in early
childhood develop the capability to differentiate between

self and others [30], to infer emotional and cognitive states

of other peron’s minds [8], to form social impressions and

to adjust actions and communicative behaviour accordingly

[8,18,30]. According to the attribution theory [31] based on

Fritz Heider’s account [10], we are generating hypotheses

about the inner mental states of others based on three differ-

ent types of data: (i) the provided actual stimuli, e.g. a smile

or directed gaze of another person, (ii) the situational context

of the social encounter, e.g. allowing to apply generally

accepted rules for the interaction (formal encounters) or not

(informal encounters), and (iii) previously acquired knowl-

edge about the interaction partner. We use these different

sources of information to reconstruct the inner experience of

others, and we interact with other persons on the basis of

our assumptions of their inner experience.

As already introduced, non-verbal cues including facial

expressions, gaze behaviour, gestures, postures and body move-

ments substantially influence our communication [5,6] by their

coordination functions, discourse functions, dialogue functions

and socio-emotional functions [4]. A highly relevant non-verbal

cue to prepare for imitation and/or coordination before the

onset of action is the observed gaze direction of others: ‘the com-

plexity of feelings and actions that can be understood at a glance

is surprisingly great’ [10, p. 2]. However, as a deictic cue, gaze

can also be used to direct the attention of another person to an

object, ‘even the direction of a glance may provide a strong

hint as to what the person is thinking, feeling and wishing’

[10, p. 43]. Following another person’s gaze teaches us about

the attentional focus of this person and hence about her/his

inner experience. Although gaze behaviour does not make use

of an explicit semantic code as compared to language-based

utterances, looking at each other is a very prominent and

important signal system [10, p. 77]. It could be shown, for

instance, that even independent from cultural backgrounds

mutual gaze contact between persons has a constant duration

of approximately 3 s [32,33]. Gaze helps to regulate dyadic

encounters, and its coordination can help to establish three-

way relations or triadic interactions between self, other and

the object world [34].

A particularly interesting phenomenon is the experience

of ‘joint attention’ that is established as soon as a given

person follows another individual’s gaze to a novel focus of

visual attention which could be an object in the environment

or the other person her/himself in the case of mutual gaze

([35]; figure 1). From early infancy onwards, the eyes are

the primary and most consistent target of visual attention

[36]. Despite the development of other tools to navigate the

social world (e.g. language), gaze remains a crucial cue

system for our understanding of others and serves a variety

of social-cognitive functions comprising seeking of infor-

mation, signalling interpersonal attitudes, regulating the

synchronicity of speech during dialogue and interpersonal

distance [37]. Notably, the human eye has a unique mor-

phology: it is characterized by a depigmentated, white

sclera contrasting with the dark iris [38] which might have

fostered the development of the capacity to detect the gaze

direction of other individuals [39]. Studies on gaze based

interactions in a face-to-face set-up and in real time have

been already widely used in different experimental contexts

including virtual reality set-ups and live video-feeds of real

interaction partners, with and without studying the

underlying neural activity [35,40,41].



addressee
a

b

c

addresser

respondent

time

Figure 1. Two persons establish a ‘social situation’ as soon as the ‘loop
is closed’. In a very simple social encounter on the basis of gaze as a
non-verbal cue the communicative loop is constituted by three different com-
ponents: (a) one person, the addresser, decides to send a signal to another
person, the addressee, by looking at him, (b) the addressee perceives this
signal, processes this information and—after a certain latency—decides to
prepare an answer, (c) the addressee responds with mutual gaze, thereby
becoming the respondent and closing the loop (according to [27]). (Online
version in colour.)
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5. Identifying the neural mechanisms
of understanding others

Cognitive processes related to communication and interaction

have become a key topic in cognitive neuroscience and have

defined social (cognitive) neuroscience as an autonomous

scientific discipline [42,43]. One important distinction relates

to two different levels of processing social information that

can be either implicit or explicit [44]. So-called dual proces-

sing accounts propose that verbal descriptions of the

behaviour of others use an explicit semantic code and are

presented in a propositional format, whereas non-verbal

behaviours do not use an explicit semantic code and are

presented in a non-propositional format. It is assumed that

they have different processing paths and possibly also

differential neural mechanisms, although functional neuro-

imaging has not identified yet different subsystems for

both processing formats.

Non-verbal communicative cues have a high dimensional

complexity owing to the simultaneous presentation of mul-

tiple cues (e.g. smile and direct gaze) and a high processual

complexity [45,46]. As a consequence, non-verbal behaviour

is often produced and decoded without awareness and

might hence influence impression formation intuitively, but

not inferentially [47]. In other words: implicit information

processing is fast and prereflexive and is employed during

non-verbal behaviour. By contrast, explicit information

processing is comparably slow and reflexive or inferential

and is applied during information processing that is based

on explicit rules, such as processing of stereotypes [48,49].

Empirical studies during the last decade focused on processes

of ascribing mental states to others, ranging from ‘classical’

theory of mind studies [50] to person perception studies

based on gaze behaviour [51] or gestures [52]. The creation

of virtual characters that can serve as credible artificial
humans provide a unique research tool to improve our

knowledge about the underlying psychological processes

and their neural mechanisms [4,53].

Already Fritz Heider himself dealt with the concept of

animacy experience and developed displays of graphically

reduced representations of moving objects [54]. Like many

other animals, humans are able to detect biological motion

in their environment, namely movement that is performed

by biological organisms, irrespective of how this movement

is presented. Phenomenally, biological motion relies on a

complex perception that includes data about different aspects

of the moving objects perceived. This includes, first, the phys-

ical properties of the moving object related to weight and

size, second, its dependency on the physical environment

such as gravity or obstacles, third, its interrelation to the

social environment related to approach and avoidance and,

fourth, its behavioural capacities, for instance related to the

degree of efficiency during the performance of motor tasks.

The variance in their movement patterns leads to the percep-

tion of a biological being and often enough even a human

being that is alive and allows for meaningful inferences

[55]. In this experimental context, specific movement features

have already been empirically identified that contribute to

the experience of animacy. A very important cue is self-

propelled motion, it suggests that the initiation of movement

was generated within the cognitive system in the absence of

an adequate external physical cause [56]. Other indicators

of animacy are related to the mutuality of the behaviour of

the two interactants. These comprise, for instance, motion

contingency based on both spatial and temporal synchrony

between objects [57], or responsiveness to the motion of the

interactant [58,59].

We developed a paradigm in which we systematically

varied motion parameters of two balls in animated video

sequences including self-propelled motion and different

degrees of mutual responsiveness of both objects. This

allowed us to parametrically vary the degree of experienced

animacy [60,61]. By employing this animacy paradigm in a

functional neuroimaging study with functional magnetic res-

onance imaging (fMRI), we were able to show that during

increasing animacy experience, key regions of MENT were

recruited, while decreasing experience of animacy was associ-

ated with a recruitment of MNS. At a first glance, this seems

to contradict the view that MNS is engaged during motion

understanding as shown in a wealth of studies [52,62,63].

However, one has to keep in mind that fMRI only provides

relative signal differences so that it can by no means be

excluded that MNS was also recruited during the processing

of increasing animacy experience. It is highly plausible that

the MNS is active during the processing of increasing ani-

macy, too, but only to a significantly lower degree than

MENT, as the experimental data suggest [60]. We argued

on this basis that MNS may constitute a neural system for

the ‘detection’ of socially potentially relevant actions. As a

result, we showed MNS activation in the decreasing animacy

condition. It can be assumed that MNS was also recruited

during increasing animacy experience, but we were not able

to show that because the recruitment of MENT was signifi-

cantly higher and, therefore, covered MNS activity. When

stimuli appeared highly animated, as in the case of move-

ments invoking social intentions, MENT became activated,

possibly responsible for the adequate interpretation or the

‘evaluation’ of relevant social cues [61].
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The show case of social gaze behaviour has been studied

extensively [10,33–35,38]. Early observational studies in

dyadic interactions revealed subtle temporal adjustments of

gaze behaviour, which despite inter-individual differences

in directed gaze led to robust patterns of eye contact [32].

Emery [39] provided a taxonomy of social gaze behaviour

defining mutual gaze, gaze aversion, gaze-following, joint

attention and shared attention as the core processes. In a

study focusing on person perception, we were able to dis-

tinguish two different subprocesses in the processing of

averted and mutual gaze, namely gaze detection and gaze

evaluation by the systematic variation of the experience of

being gazed at by virtual characters with different durations

in a study employing fMRI [51]. Gaze detection correspond-

ing to the mere perception of being gazed at, irrespective of

the duration with which a virtual character gazed at the

participant, recruited fusiform and temporoparietal cortices,

brain regions known to be responsible for biological motion

detection. In contrast with the mere detection, the evaluative

component, during which the participants had to make a

sympathy rating of the virtual character at different durations

of directed gaze, was accompanied by increased neural

activity in the medial prefrontal cortex (mPFC) as key com-

ponent of MENT. As the detection of social gaze is a

necessary requirement for the successful and adequate

interpretation of someone’s gaze behaviour, gaze detection

can be interpreted as an early stage of information proces-

sing, whereas gaze evaluation can be understood as a late

stage of processing social information as shown before in a

wealth of related studies focusing on the ‘meeting of

minds’ [64].

In most of the studies being undertaken so far, social

cognition has mostly been studied from a detached, obser-

vational perspective in tasks involving inert social stimuli

(offline social cognition), which has led to a situation in

which social cognition is studied without actual social inter-

action in isolation [65]. Recent claims emphasized that the

active engagement with others in interaction (online social

cognition) plays a particular role in understanding other

minds [66]. Making use of the phenomenon of joint attention

and by employing up-to-date eye-tracking and functional neu-

roimaging methods it has become possible to successfully

induce the experience of a test person of being involved in

an ongoing interaction with other persons based on contingent

eye-movements and gaze behaviour of both persons

[35,40,41,67] thereby increasing the ecological validity of

social gaze behaviour in real time in contrast with purely

observational paradigms [66]. Employing gaze-contingent

social stimuli (similar to the virtual characters depicted in

figure 1) we investigated the neural correlates of initiating

and responding to joint attention in combined eye-tracking

and fMRI experiments [40,41]. The experience of joint atten-

tion was associated with increased neural activity in the

mPFC besides other brain regions. More specifically, in all

cases, in which the test person himself was the initiator of

the joint attention instantiation we also found increased

neural activity in the ventral striatum as key component of

the reward system [40,41]. The strength of the blood oxygen

level dependent signal in this region correlated with plea-

santness ratings in a post-experiment questionnaire [40]

which might be interpreted as a neural correlate for the

intrinsic motivation to share experiences with others [13].
6. Abduction of the functional roles of neural
networks

Obviously, cognitive functions are not implemented in single

regions, but in neural networks, so that the strategy has to be

to search for the underlying networks of activated brain

regions and not only single brain areas. Social neuroscience

has revealed essentially two different systems recruited

during social-cognitive processes (figure 2), namely: (i) the

so-called human MNS covering superior parietal and pre-

motor regions [68], and (ii) the so-called MENT including

essentially the anterior mPFC, the posterior temporal sulcus

(pSTS) the temporoparietal junction (TPJ) and the temporal

pole [43]. The proposal of this article for the putative func-

tional roles of MNS and MENT is the following: as soon as

the attribution of mental states to others is involved MENT

is activated, whereas the MNS is recruited when a real or

virtual motor component is involved, e.g. in actions, simu-

lations or imaginations thereof [62,69,70]. An additional

aspect that does not contradict the previous proposition

assumes that MNS correlates with early stages of social

cognition such as the detection of motor expertise and

might putatively also underly the fast processing of ‘first

impressions’ in social encounters that are generated on the

basis of facial expressions or gestures. By contrast, MENT is

assumed to be recruited during comparably ‘late’ stages of

evaluation of socially relevant information [61]. The latter

aspect of this hypothesis is empirically corroborated by an

interesting study showing that controlled processes only

affected the recruitment of MENT but not of MNS [71],

suggesting that MNS is primarily responsible for automatic

processing (possibly related to ‘detection’) and that

MENT is recruited during controlled processes (possibly

related to ‘evaluation’).

Obviously, one cannot claim that the mPFC as one of the

key regions of social cognition is specific for this cognitive

domain as the mPFC is not only involved in cognitive

processes associated with self-reference, interaction or com-

munication [64,72], but is also recruited during a variety of

cognitive functions including attention, multitasking, and

response conflicts [73]. As individual brain regions are not

specific for particular cognitive processes, we can neither

ascribe a certain inner experience nor any cognitive process

to a person based on the particular distribution of regions

with increased neural activation. This problem has been

recognized within the cognitive neuroscience community as

the so-called ‘reverse inference’ [74]. The only apparent

strategy is to search for something like a common ground

or a common denominator which all of the cognitive func-

tions under debate appear to share. This abductive or

hypothesis-generating procedure lead Mitchell to the hypo-

thesis that the feature of being ‘inexact, probabilistic,

internally generated’ [72, p. 249] best covers at least the differ-

ent socio-emotional functions of the mPFC as one key region

of MENT. This can be taken to suggest that social cognition is

a ‘natural kind’ and that the underlying processes can

be individuated as a distinct class of cognitive processes

that are related to either self-reference or interaction or

communication with others [72]. This proposal shows that

the identification of the functional core of a generator of

‘fuzzy’, probabilistic estimates could be a good candidate

to explain the capacity of ascribing mental states to persons.
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Figure 2. Two different neural systems that appear to serve two complementary functional roles, (a) the ‘mirror neuron system’ (MNS) serves comparatively ‘early’
stages of social information processing related to spatial or bodily signals, (b) the ‘mentalizing network’ (MENT, also ‘theory of mind network’ or ‘social neural
network’) is recruited during comparatively ‘late’ stages of social information processing that are related to the ‘evaluation’ of emotional and psychological
states of others. (Online version in colour.)
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Although this speculation or, at best, abductively identified

hypothesis, does not formally prove anything, it is plausible

as it nicely corresponds with the view of Fritz Heider

presented earlier, namely the concept that the behaviour of

persons as action centers is characterized by an inherent

ambiguity and uncertainty [10, p. 21 and p. 77].

One of the most stimulating findings in cognitive neuro-

science during the last 15 years has been the

characterization of the so-called ‘default mode of the brain’

or ‘default mode network’ (DMN; [75]). The DMN has

since then been studied in thousands of empirical studies.

The DMN is essentially constituted by the mPFC besides

the pSTS/TPJ and the posterior part of the cingulate gyrus

and is systematically active during so-called resting states

or baseline conditions. So-called resting state situations are

characterized by the absence of an external instruction of an

experimenter. During resting states participants focus on

internal tasks that include the retrieval of autobiographical

memory, consider future plans or take into account the

inner experience of other persons, they are not otherwise

engaged by any externally given tasks or instructions refer-

ring to the external world [76]. If a cognitive activity

requires a higher demand (e.g. instruction by an exper-

imenter in a formal experiment), neural activation ‘moves’,

metaphorically speaking, towards the target neuronal net-

work to be recruited, whereas at the same time medial

frontal and parietal regions as part of the DMN tend to

decrease their activity [75,76].

The DMN has been observed in other mammals [77] and

very recently even in utero [78]. In other words, it seems to

play a central role both phylogenetically and ontogenetically

as a neurobiological universal: the DMN appears to be one of

the most fundamental functional principles of mammalian

brains. A very recent paper has corroborated the pattern of

the DMN as being fundamental for the organization of the

human brain showing a gradient of different cortical regions

based on their connectivity characteristics [79]. This study

was based on a large brain cohort of 1200 healthy adults

[80]. The aim of this study was to further elucidate the
relationship between the topography of the human neocortex

and the cognitive capacities [79]. The empirical findings

suggest a continuum between different cortical regions that

range from regions responsible for primary projection

cortices (sensory, motor) at the one pole to heteromodal

association cortices constituting the DMN at the other pole.

In other words, this study showed that the DMN is located

in the brain at the largest possible distance to primary

sensory and motor regions. This result demonstrates that

the topographical structure is associated with cognitive

capacities that range from perception and action to abstract

cognitive functions that are detached from the environment

[79]. This locates the DMN at the pole of the continuum of

cognitive functions which is maximally unrelated either to

immediate sensory input or to motor output.

Currently, we can only speculate about the function of the

DMN. The group around Marc Raichle had from very early

on proposed that the DMN might not only be a noisy

signal, but might reflect, functionally and phenomenally

speaking, a ‘continuous simulation of behaviour’ or ‘an

inner rehearsal as well as an optimization of cognitive and

behavioural serial programmes for the individual’s future’,

in short: a state of the ‘multifaceted self’ [81, p. 4263]. This

speculation was recently substantiated by a study operationa-

lizing the ‘intentional stance’ as an automatic and irresistible

tendency to ascribe intentions to other persons and their be-

haviour. In this study, participants were asked to evaluate the

appropriateness of a sentence describing the mental state of a

person as opposed to a sentence describing the physical

action of a person. It was shown that the DMN activity

before test persons had to take the intentional stance facili-

tated the social task directly thereafter in the sense of a

social priming procedure. The authors suggest that this is

evidence for the social function of the DMN [82].

Finally, a particularly interesting aspect with respect to

the difference of persons and things [10] is a substantial

topographical overlap between the DMN and MENT as

demonstrated in different meta-analyses [76,83]. Summar-

izing the evidence provided in this article, MENT is
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associated with social information processing referring both

to oneself and to others and shows anatomical overlap with

the DMN. The DMN in turn is both phylogenetically and

ontogenetically one fundamental functional principle of

mammalian brains. Taking these two observations together,

it can be speculated that our disposition to take the inten-

tional stance, to take the perspective of others or to

mentalize is neurobiologically instantiated and implemented

in a network of brain regions that can be observed as DMN.

In other words, what appears as ‘state of self’ on the phenom-

enal level, appears as ‘default brain state’ or DMN on the

neural level.

7. Psychopathology
The fundamental difference between persons and things is

also reflected in the field of psychopathology as the indepen-

dent scientific endeavour that aims to understand and

describe the deviations and anomalies of inner experiences

of persons. In his influential book ‘General Psychopathology’

Karl Jaspers distinguished two fundamentally different

modes of making sense of the experience and behaviour of

other persons, namely ‘understanding’ (Verstehen) and

‘explaining’ (Erklären) referring to an older terminology by

Droysen & Dilthey [84, p. 301f]. Understanding in the Jasper-

sian sense refers to the empathic appreciation of conflicts,

hopes and desires of an individual person, on the other

hand, explaining relates to the attempt to take neurobiolo-

gical and genetic prerequisites of mental disturbances into

account and to reconstruct psychopathological conditions as

consequences of impersonal natural laws. It is widely

accepted that explaining is the only valid approach in natural

sciences but this type of explanation is not available if we

refer to the inner experience of persons, but the relation of

these inner experience to their neurobiological underpinnings

is unclear [84, p. 302]. This distinction lays the ground for the

proposal of the ‘Psychology of Meaning’ (Verstehende Psy-

chologie) [84, p. 301ff ]. We have to understand the inner

experience of persons ‘from within’ [84, p. 28]; [85]. In

accordance to Heider [10], Jaspers notes that understanding

is limited and that robust objective knowledge cannot be

obtained [84, p. 357]. As a consequence, psychopathologists

are forced to ‘interpret’ [84, p. 305].

Having this methodological restriction in mind, psycho-

pathological conditions, generally speaking, define mental

disorders as norm-deviant disturbances of subjective experi-

ences. Norm-deviances can occur in any of the following

domains: (i) changes in interactive and communicative be-

haviour, (ii) inadequate emotional experiences or changes in

sharing emotional experiences with others, (iii) inconsistency

of subjective experiences or incongruency with experiences of

others leading to a loss of a sense of reality that can be shared

by the majority of other persons within the same cultural

background. In other words, one of the constitutive aspects

of mental disorders is the fact that they are defined on the

basis of norms that are generated or constituted by groups

of persons, populations or social systems [86]. How we

approach others—and how we are in turn perceived by

them—crucially depends on the situational context which

provides a set of gestures, symbols and meanings that need

to be shared in the given situation in order to establish a

common ground between both partners [87]. As a conse-

quence, communication can only be studied in context, this
is especially true under the conditions of psychopathological

norm deviations. Psychopathological phenomena are substan-

tially determined by cultural influences [27, p. 73 and p. 92].

The ‘cultural matrix’ is the basis for any ‘understanding of

the nature of interaction between persons’ [27, p. 168].

Mentalizing in a psychopathological context is related to

the experience of delusions as in psychotic disorders and

deficits of communication and interaction disturbances as in

autistic disorders, whereas persons suffering from delusions

show an increased tendency of ascribing mental states to

others that are often enough related to themselves corre-

sponding to ‘hypermentalizing’ [88], persons with deficits

in communication and interaction with others show ‘hypo-

mentalizing’ [88]. Probably the most instructive show case

in this context is the diagnostic group of persons with

autism spectrum disorders (ASD), especially the group of

persons with ASD without learning disabilities, referred to

as high-functioning autism (HFA) or Asperger syndrome

[89]. Persons with ASD suffer from ‘mindblindness’ [90],

they are characterized by life-long and stable deficits in com-

munication and social interaction, while verbal and general

learning and memory abilities are in cases of HFA or Asper-

ger syndrome independently developed and fully preserved.

Individuals with ASD have difficulties in the adequate pro-

cessing and integration of non-verbal communication cues

into their person judgements [46,91].

This again is nicely illustrated in the domain of social

gaze: persons with ASD avoid the eye region during the

visual inspection of faces [92] and spend significantly less

time fixating the eye region of people as compared to non-

autistic controls in passive viewing studies involving social

scenes [93]. Furthermore, they have difficulties with interpret-

ing gaze as a non-verbal cue supporting the disambiguation

of social scenes, thereby suggesting a more general problem

in using gaze as a tool to infer the mental states of others

[94]. Interestingly, autistic children appear to be able to

follow someone’s gaze, but tend to spend less attention to

congruent objects in a gaze-following task [95]. As a conse-

quence, they do not spontaneously attend to social

information, and are thus less able to intuitively interact in

social contexts [96] and to predict other persons actions in

interactional contexts [97]. When confronted with non-

verbal signals such as eye gaze, facial expressions or gestures,

ASD individuals show atypical detection rates [98] and

inadequate interpretations of such cues [99]. Generally, they

seem to be less affected by them when processing a task, as

compared with typically developed control persons [100],

and/or they seem to use atypical strategies for social proces-

sing [101,102]. This suggests that while core processes

of social gaze can be functional, they might be driven by

different motives than in non-autistic individuals.

On a neural level, we could show that the processing of

socially relevant information recruits significantly less

MENT regions, during gaze detection and evaluation [53]

and in animacy experience [102]. As a general result, these

research findings show atypical processing of socially

relevant information in ASD both on the behavioural and

neural level. This can be interpreted as a decrease in the

salience of non-verbal information for individuals with

ASD compared to control persons. While the mere percep-

tion of non-verbal cues is often comparable to that of

control persons ASD individuals seem to employ different

strategies [103].
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8. Outlook
The fundamental distinction that we make in the processing

of information related to persons and related to things has

been conceptualized theoretically and can be illustrated from

a variety of perspectives including social psychology, social

neuroscience and psychopathology, as sketched in the previous

sections. A wealth of studies making use of functional neuroi-

maging in humans have shown plausibly that two brain

networks underly the diversity of social-cognitive functions.

Both systems serve different, but complementary functions so

that it can be assumed that MNS and MENT both interact

with each other in a dialectic manner. The claim is that MNS

is related to early, automatic processing of spatial or body-

related information, whereas MENT refers to late, controlled

processing of information related to the inner experience of per-

sons including oneself. In terms of their functional role MNS

serves detection of potentially socially salient information,

whereas MENT serves evaluation of actually socially salient

information. This claim is speculative, but appears to be

empirically justified [61,62,69–71].

An interesting and challenging question in this context

that cannot be exhaustively answered at the moment is the

following: how can the distinction between the level of

processing, namely implicit versus explicit processing, be

mapped onto the functional distinction of detection versus

evaluation? Obviously, not all processes that are performed

by MENT are controlled, and we also have to take implicit

mentalizing or implicit theory of mind capacities into account

[44,104]. On the other hand, we can also observe MNS acti-

vation after explicit instructions related to movement

detection capacities, notably, MNS is no longer activated if

the movement is unknown or hard to understand [52]. A

naive hypothesis would be to assume that the two levels of

processing, implicit versus explicit, and the two functions,

detection and evaluation, are orthogonal to each other. In

other words, it should be considered that the empirical evi-

dence for the early, automatic mode associated with MNS

and the late, controlled mode of processing associated

with MENT (e.g. [61,71]) might be an oversimplification

that needs to be differentiated at least with respect to the

distinction between low- and high-level processing.

One of the most promising future approaches is to study

communication while it is actually performed in ongoing

social encounters as we suggested in the research agenda of

a ‘second person neuroscience’ [66]. This approach allows

us to study behavioural, cognitive and possibly neural corre-

lates not only in a detached observers mode ‘offline’, but also

‘online’ during a truly ongoing social interaction [35,40,41].

Another methodological advancement that has already

been proven to be very helpful is social interaction which

builds upon the ‘plasticity’ advantage of virtual characters

[4,45]. In this approach, motion is captured and rendered

on a virtual character. Not only the appearance of the virtual
character which can contain information on sex, identity,

ethnicity or attractiveness, but also their non-verbal behav-

iour can be manipulated, by blending particular channels,

or by modifying specific non-verbal cues. By doing this in a

systematic manner, it can be determined which aspects of

non-verbal behaviour are necessary and/or most efficient

with regard to various social contexts. This makes it possible

to systematically explore how manipulations of appearance

and/or behaviour of one agent or a dyad affect the experi-

ence and the course of social interactions and possibly

manipulate social encounters mediated by virtual agents or

avatars—in the case of virtual characters representing

human interactants [105].

As a consequent next step, the underlying neural

mechanisms should also be studied in the framework of

hyperscanning set-ups with the simultaneous and time-

locked measurement of two persons being analysed in parallel

with respect to neural and psychological synchronization

measures during ongoing social interactions. Hyperscanning

has been already successfully established employing fMRI

[106], electro-encephalography [107], near infrared spec-

troscopy [108] and magnetoencephalography [109]. The

study of the related phenomenon of synchronization on a

neural level has already revealed a number of interesting find-

ings. Synchronization was demonstrated more recently in

simple face-to-face interactions, motor coordination and joint

decision-making tasks [110–113]. However, the systematic

study of experiential, behavioural and neural correlates of

communication in ongoing social encounters with special con-

sideration of psychopathological conditions has not even

started. Besides the availability, conceptual questions of

how best to approach and operationalize ongoing dyadic

interactions empirically need to be answered first.

Approaches that would combine hyperscanning and

neurofeedback could even allow to us integrate information

about one’s own and possibly the interaction partners brain

activity: while participating in a social encounter, partici-

pants would be able not only to interact with another

person, but would additionally be able to observe both

their own and the interactants brain activity during the

ongoing interaction in real time. This would substantially

enrich simple face-to-face encounters and would allow us

to perform intervention studies, for instance, non-verbal com-

munication training in persons with ASD. Taken together, the

study of communicative processes both under conditions of

mental health and under psychopathological conditions

is likely to foster our understanding of the underlying

communicative deficits, while simultaneously providing

valuable information about the neural mechanisms

underlying the dynamics of social interactions.
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