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Abstract

One of the great challenges for the advancing field of ‘social cognitive neuroscience’ is to address issues
concerning the neural underpinnings of human social interaction. Though some attempts have been made in
this direction the conceptual frameworks underlying most existing paradigms are often unelaborated and
ambiguous to the structure of human interaction. This presentation has two overall aims: first, to discuss
which kinds of predictions logically follow from existing approaches to social cognition such as ‘simulation
theory’ (ST) and ‘theory of mind’ (ToM), and why these might prove unproductive for the study of true social
interaction. Following from this, we propose an alternative framework for neurocognitive studies of social
interaction, rooted in enaction theory. A central distinction in our approach is the differentiation between
observing and participating in social situations. This distinction has not been appreciated by ST and ToM
advocates whom tend to treat interaction as continuous with the mentalistic act of ‘figuring out the mind of
the other’. We argue that contrary to observational social situations the nature of participatory interactions is
not fully captured by reference to the autonomous, individual minds of the participants, but rather in their
dynamic reciprocal couplings. These critically depend on material mediation. When engaging in interaction,
participants enter into a shared referential space where bodies, acts and objects are perceived in a new
functional perspective as mediators of social coordination and meaning. They become social symbols
affording mutual responsiveness and co-action. A social enactive conceptual framing of participatory
interaction thus calls for new types of experimental questions, hypotheses and paradigms geared to capture
these cognitive and neurocognitive properties. We suggest three such testable predictions and bring these to
a meta-analysis of a series of existing functional brain imaging studies of social cognition, joint action and
non-verbal communication. When comparing brain activation patterns in studies of what we term
observational social situations with studies featuring an element of enactive interaction these do not fully
overlap. Interestingly, a consistent pattern of activations in studies of interaction cluster in an area of the
inferior frontal gyrus (roughly comprising BA 44, 45, and 47) not normally considered part of the so-called
‘social brain’. We suspect that this anatomical site might play a general role as an interface for socially
interactive sense-making across expressive modalities of mediation (from bodies and objects to verbal
language). Furthermore, the analysis supports our intuition that social observation and interaction should not
be treated in direct continuation (as suggested by ST and ToM) but as differentially organized cognitive
phenomena — not as one, but two social brains.
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theory, theory of mind

1 Social Cognition - Bridging the divide?
Two influential approaches pervade the majority of existing cognitive brain imaging
studies on social cognition - theory of mind (ToM) and simulation theory (ST). No doubt,



these are successful in their account of a diverse range of social phenomena, from the
feeling of empathy to the detection of deceit. But there are aspects of our social life that
seem to work neither by theory-making nor simulation. We will argue that to capture the
true cognitive profile of full-blown, cooperative social interaction other approaches are
needed.

Common to theory of mind and simulation theory is that they take as their point of
departure the autonomy of the individual mind. From this perspective a social situation
has one person trying to figure out the fundamentally inaccessible mind of another by
metarepresentation or simulation of internal cognitive states. This might be what is going
on in some situations as when we ‘passively’ observe social phenomena from a distal
third-person perspective (De Jaegher & Di Paolo, 2007; Gallagher & Hutto, 2008). As such
ToM and ST can possibly account for some of the cognitive processes involved in the
detection of false-beliefs or the comprehension of someone’s intentional grasping. But
these approaches seem unsuited to grasp the basic nature of participatory social
interactions. Taking a ToM perspective on social interaction would entail something like
two individual agents constantly working to ‘bridge the gap’ by figuring out the mind of
the other. And in the simulation version the two interactants would understand each
others’ actions by something like an immediate pre-conceptual simulation, which is then
attributed to the discrete other. In both cases the experience is taken primarily to be
about the other person and his/her special mental dispositions toward the one self. From
this perspective it is far from obvious how we manage in relatively effortless and efficient
manners to achieve fine action coordination and joint sense-making. The emphasis on
such ‘person-centered’ approaches as the grounds for participatory social interaction
seems counterintuitive and unproductive. Rather than conceiving minds as individual
representations that meta-represent one another, we suggest the human mind to be
profoundly intersubjective in nature (Zahavi, 2008; Russel, 1998). Following the ideas of
e.g. De Jaegher and Di Paolo (2007) and Zlatev et al. (2008), we will sketch out an
enactive approach to the study of interaction structured along two related lines: 1)
participatory interaction as an instance of dynamic, reciprocal coupling and coordination,
and 2) attention to the special mediating role of the shared material environment in this
process. Besides, we attempt to show how this conceptual approach can explain some of
the recent findings in functional brain imaging studies of social cognition, revealed by a
meta-analysis of a series of studies on non-verbal communication and joint action.

1.1 Interactive sense-making and material mediation

As indicated above, there might be good reasons for differentiating two distinct types of
social encounters: 1) one in which we passively observe a social interaction from a third-
person perspective, and 2) one in which we are first/second-person active participants in
the social interaction (Tylén, 2007; De Jaegher and Di Paolo, 2007; Gallagher & Hutto,
2008). So far this important distinction has not been appreciated in ToM and ST
approaches to social neurocognition that have almost exclusively favored the first type. As
a consequence, findings related to the observational type of social experience have been
suggested as general models for social cognition (cf. e.g. Gallese et al., 2004). However,
we will suggest that in social interactive encounters the structural dynamics of the whole
situation is altered in fundamental ways, challenging these traditional models on several
grounds.



In the enactive account, when two people engage in reciprocal social interactive
activities they become part of an emergent coupled system making up the interaction. The
interaction itself is thus the minimal object of study while the individual minds entering the
interaction can only be considered constituent “subparts” as their complementary roles are
defined and constrained in relation to the interactional whole (De Jaegher & Di Paolo,
2007). The object of mutual attention is thus not the participants’ individual mental states,
but the shared perceptual space of bodies, objects and action that scaffold joint sense-
making. Interactive social meaning is thus a mutual creation between brains, minds, and
the material mediations that form the interaction. From this approach it follows that the
persons involved are neither preoccupied with theory-making nor simulation, but are
continuously adjusting their actions in complementary ways by orientation of the dynamic
matter of the interaction and mutual commitment to regulating social normative practices
(Tylen et al, in review; Sinha & Rodriguez, 2008; Roepstorff & Frith, 2004). Such
coordination dynamics include not only procedural practices of turn-taking and gaze-
following and fine temporal motor coordination, but are likewise involved in scaffolding
symbolic meaning construction. In both cases the driving force is found in aspects of our
shared materiality.

The mediating impact of the material environment on human social cognition has
been somewhat neglected in most approaches to human cognition that often pursue a
more mentalistic or metarepresentational account. But several recent advances in
intersubjectivity find our joint engagement with the materia/ world to pave the way for
new styles of symbolic thinking (Clark, 2006; Sinha & Rodriguez, 2008; Gallagher & Hutto,
2008; Roepstorff, 2008; Tylén et al, in review). Rather than being empty vehicles for
encoded denotational meanings travelling between minds, social symbols primarily do
their work in concrete local, contextualized settings by joint manipulation of their
signifying materiality (Clark, 2006; Cowley, 2004; Kravchenko, 2007). Symbolic
communication (e.g. in verbal languages, bodily gestures or material objects) is thus also
a type of joint action (Clark, 1996) in which socially shared meanings are negotiated and
grounded in specific social contexts by virtue of the social affordances of their materiality
(Sinha & Rodriguez, 2008). Interaction is thus not about the participants involved, but
about the subject matter. It is a collective ‘making sense of the shared material space’
between the participants.

1.2 Shared attention, social meaning and responsiveness
From the dynamic structural architecture of participatory interaction sketched out above it
could be argued that participatory interaction is not even a cognitive enterprise and thus
does not lend itself to traditional experimental cognitive studies of single subjects. This is
not necessarily so. In the following we will consider three contrastive predictions
characterizing the difference in cognitive profile between the observational and interactive
social encounters: 1) differences in attention distribution of the interacting agents, 2)
different semiotic profiles of the social meaning attributed to these situations, and 3)
differences in the agents inclination to respond or co-act. Though the empirical evidence is
still sparse some of these predictions already find support in recent behavioral studies.
Though the experimenters might not fully subscribe to our conceptual prospects the
main ideas are supported in a series of recent studies of infant cognition (e.g. Gergely et
al., 2007; Senju & Csibra, 2008; Senju et a/., 2008). The experimental finding is that when



an infant observes an experimenter’s behaviors from a third-person perspective, the infant
seems to interpret the behaviors as expressing the preferences of this specific
experimenter. In contrast, when the infant is directly addressed by the experimenter’s
ostensive cues (such as making eye-contact, nodding and vocalizing in ‘motherese’) the
infant tends to interpret accompanying object-oriented behaviors as generalizable socially
relevant information about the object world. In other words; in the first (observational)
situation the infant learns about the specific preferences and dispositions of the other
person (the experience is about the person) and in the interactive situation the infant
learns something about the shared object world (the experience is about the
intersubjectively shared world of meaning) (Gergely et al, 2007).

In support of our first predictions outlined above, the studies seem to suggest quite
different attentional strategies for the two types of social encounters leading to different
kinds of ‘social meaning’. We speculate that this is due to differences in semiotic attitude
to the scenes. Though quite compatible bodily actions or objects might be involved they
become perceived in fundamental different ways. When we investigate another person in
an observational fashion we might infer, explain or predict his/her behavior in terms of
particular contents of mind and intentions towards the world. This style of ‘private sense-
making’ is primarily dependent on indexical (causally explanatory) strategies (De Jaegher
& Di Paolo, 2007; Tylén, 2007). In contrast, when we engage in interactive encounters
aspects of the material world gain another semiotic status; bodily movements, facial
expressions and material object manipulations are suddenly perceived and employed as
intentional mediators of the ongoing dynamic coordination: they become shared social
symbols (Tylén, 2007; Tylén et al, /n review; Clark, 2005).

The last prediction that seems to follow from the proposed enactive approach to
social cognition is related to the social normative practices of interaction. In most cases
when we are addressed ostensively by someone to take part in a joint action we will feel
an almost automatic inclination to respond. Such addressing gestures are part of a
distributed normative structure that is only realized by the complementary turn-taking
effort of both parties. One act calls for the other in a dialogical structure across
participants. If a participant fails to respond, i.e. fulfill her role in this shared normative
structure, the interaction is likely to break down (cf. e.g. Garfinkel's breaching
experiments, Garfinkel 2002).

The motivated predictions concerning differences in attention, semiotic attitude and
responsiveness in relation to observational and interactive styles of social encounters are
likely to be reflected in functional brain activity of social agents engaged in these
situations. Though so far this has not been systematically investigated, a series of existing
functional brain imaging studies might throw some light on the biological underpinnings of
participatory interaction.

2 The Social Brain

In recent years, a still growing number of brain imaging studies address the neural
underpinnings of social cognition. As mentioned above two well-established and influential
approaches, ToM and ST (closely allied to the mirror neuron literature) have dominated
this field. The findings are summarized under appealing titles like ‘The meeting of minds’
(Amodio & Frith, 2006), ‘Understanding intentions in social interactions’ (Walter et al,
2004), and ‘A unifying view of the basis of social cognition’ (Gallese et al, 2004). A



common trait in these studies is — again - an ‘observational approach’ to social
phenomena. While a full review of this large literature is beyond the scope of this
presentation, we will attempt a brief overview of the basic functional anatomical findings.
These will be compared with a number of studies on joint action and non-verbal
communication that can be argued to conceptually imply an element of interaction.
Interestingly, the findings do not fully overlap. Rather, the two clusters of studies involve a
number of dissociate functional activations which could suggest (contrary to the
expectancies of ST and ToM) that observational and interactive social situations are in fact
subserved by partly dissociate systems due to their fundamental structural cognitive
differences.

2.1 Theory of Mind in the brain

One of the well-established paradigms in cognitive neuroscience is sometimes treated
under the somewhat presumptuous headline “the social brain” (cf. e.g. Gobbini et al,
2007). It more or less implicitly defines ‘social’ in term of our abilities to ‘mentalize’, that
is, to make inferences about the mental states of others. In an extensive series of studies
of ‘theory of mind’ and ‘mentalizing’ (cf. e.g. Castelli at al, 2000; Walter et al. 2004;
Gallagher et al, 2000, 2002; Gallagher & Frith, 2003, 2004; Amodio & Frith, 2006;
Fletcher et al., 1995; Kampe et al., 2003; Saxe, 2006; Schilbach et al., 2006, etc.) it has
been suggested that a distinct pattern of brain areas including (among others) the
temporal poles bilaterally, the right temporo-parietal junction (TPJ), the right superior
temporal sulcus (STS) and the medial prefrontal cortex (MPFC) are involved in explaining
and predicting the behavior of other people regardless of the sensory modality or task
involved.

A couple of these studies could potentially be of great relevance for the present
conceptual purposes as they seem to entail an element of cooperative interaction. In
Kampe et al. (2003) and Schilbach et al. (2007) the experimenters investigated functional
brain activations related to subject-directed ostensive cues (Sperber and Wilson, 1986).
Like in the behavioral studies of Gergely, Senju, Csibra and colleagues such cues could
arguably be said to facilitate the initiation of social interaction. Still, when the activation
patterns in MPFC largely replicate the findings from other ToM studies it is likely due to the
fact that no real interaction follows from these cues. They are thus merely expressing the
intention to initiate a not yet realized interaction and in that sense they are still perceived
as being about the particular mental dispositions of the depicted person.

2.2 Simulation in the brain

Another cluster of studies on social neurocognition are founded on simulation theory (ST).
Though we acknowledge that ST has a long history preceding Gallese and colleagues’
groundbreaking finding of mirror neurons in the F5 motor cortex of monkeys (Gallese et
al., 1996), we will in the following brief overview primarily focus on the human mirror-
neuron literature (e.g. Gallese et a/, 1996, 1998, 2004; Gallese, 2007; Buccino et al.,
2001, 2004; Decety & Grezes, 2006; Rizzolatti & Craighero, 2004, Newman-Norlund et al.,
2008, etc.). The central idea is that the basic mechanism for understanding other people
is not conceptual reflection but a very direct and immediate mental simulation (mirroring)
of the other's emotions and actions. When we thus for instance recognize someone’s
motor actions as intentional and meaningful it is because special populations of mirror



neurons related to our own motor system simulate the action and thereby impose on us a
similar imagined first-person experience of intentional action.

Since single cell recordings in the human brain are not possible the existence of
mirror neurons in humans cannot be directly validated as in the case of monkeys. Still,
when investigating action perception using functional brain imaging ‘mirror activation
patterns’ are consistently found in compatible sites of the human brain including the rostal
part of the inferior parietal lobule (IPL) and in the pars opercularis of the inferior frontal
gyrus (IFG) and adjacent areas of the premotor cortex homologue to the F5 areas of the
monkey brain (Rizzolatti & Craighero, 2004). Furthermore, some brain areas involved in
emotional affect (e.g. the insula) show the same mirroring behaviors (Gallese et al.,
2004). Although it is likely that the mirror neuron system is involved in direct access to the
emotions and actions of others it is not entirely clear how these simulations are ‘fed into
our own decision making system’ to explain the actions of others and navigate social
terrain (Gallagher, 2007).

Since the whole idea of a simulative understanding of other people is about
‘bridging first-person and third-person experiences’ no elaborate predictions concerning
the first-person/second-person social encounter have yet come from this approach.
However it has been suggested that the mirror-system might facilitate communication.
The proposed anatomical sites’ partial overlap with Broca’'s area (BA 44 and 45) of the left
inferior frontal gyrus (IFG), a structure consistently found in studies of verbal language
production and comprehension (cf. e.g. Price, 2000; Wallentin et a/., 2005, 2006, among
many others) has motivated some speculations concerning simulation being the basic
underlying mechanism of human language (see Rizzolatti & Craighero, 2004 or Gallese,
2007 for reviews). However, this is still the subject of ongoing debate (cf. e.g. Toni et al.,
2008). A couple of recent investigations however do attempt (at least indirectly) to
suggest how the mirror system might relate to first/second-person participatory
interaction. In two studies on the neural underpinnings of cooperative joint action
Newman-Norlund and colleagues found activations of the human mirror system when two
subjects had to continuously coordinate their actions in a complementary fashion to solve
cooperative tasks (Newman-Norlund et al/. 2007, 2008). Interestingly, a general finding
across these studies is that activation in some regions of the mirror system (e.g. the right
IFG) is more enhanced in conditions of non-imitative, complementary actions than in
imitative conditions. This could seem counterintuitive since the mirror system has mostly
been thought to involve imitative simulations, but Newman-Norlund and colleagues
hypothesize certain populations of mirror-neurons to be ‘broadly congruent’, context
sensitive neurons rather than strictly imitative, context independent neurons. The first
ones are thus supposedly involved in the planning of non-imitative, complementary actions
(Newman-Norlund et a/., 2007a). Though these findings are highly relevant and promising
for our stated objective concerning the neural underpinnings for participatory interaction
there are a couple of central issues that are not considered in these studies. These are
related to joint sense-making and its proposed material mediation, possibly related to
other structures of the IFG.

2.3 Non-verbal communication in the brain
While ToM and ST pose ambitions towards a general theory of social cognition ironically
this is not where we find the most studies on participatory interaction. Rather these are



often reported as instances of (non-verbal) communication. A series of studies on various
kinds of non-verbal communicative mediation thus allow for meta-interpretations with
regard to the proposed enactive framework of participatory interaction. These are studies
that in their experimental design contrast communicative and non-communicative
conditions (cf. e.g. Lotze et al., 2006; Dietrich et al., 2007; Lawrence et al., 2006; Tylén et
al., in press). Like in the studies on ostensive cues treated above they feature the
experimental subject as the intended addressee of the communicative activity. Though it
can be argued that this form of interaction is less strong than the case of joint motor
action, conceptually they do involve an element of interaction in their framing of the
subject as aa addressee and cooperative interpreter of social communicative meaning
(Tylén, 2007; Tylén et al., in review). Interestingly, the brain areas involved in the studies
of non-verbal communication do not consistently overlap with the areas found in studies
of ST and ToM as might have been expected if these cognitive strategies had been
subserving social interaction. Rather, activations gather in a cluster of areas of the IFG
traditionally associated with verbal language and semantics.

In an fMRI experiment, Lotze et al. (2006) contrasted the neural responses to three
different kinds of right hand movements: isolated hand movements (e.g. twisting a lid),
body-referred movements (brushing teeth) and expressive gestures (e.g. holding up the
index finger to threat someone). While the first two are not intended as communicative
signals the third mediates social communicative meaning. In the body-referred and the
expressive movement conditions the experimenters found activity in the STS of the social
brain network. This area has previously been associated with the perception of another
person’s action (Gallagher & Frith, 2004). But, when the expressive gesture condition was
contrasted with the body-referred movement condition only the left ventro-lateral
prefrontal cortex (VLPRC)/Brodmann Area (BA) 47, was active. Interestingly, this area has
previously been associated with semantic processing in verbal language (cf. e.g. Dapretto
& Bookheimer, 1999; Fiez, 1997).

In another imaging study of brain regions associated with the perception of non-
verbal vocalizations Dietrich et a/. (2007) found a similar pattern. They were interested in
the fact that in addition to words in a natural language people make use of other types of
vocalizations to express social meaning. For instance, affective bursts like laughter or cries
have an intrinsic (indexical) social communicative function in signaling other individuals’
affective states, but in addition vegetative sounds such as belches and yawns are
sometimes produced deliberately to signal arbitrary (symbolic) communicative meanings.
This fact was manipulated in Dietrich et al’s experiment. While being scanned subjects
were instructed to classify different types of vocalizations including affective bursts (e.g.
laughter) and vegetative sounds (e.g. snoring or belching) in terms of their presumed
function: communicative signals vs. non-signals. As in the previous study, we could have
expected the task in this study to involve mentalizing or simulation as it targets the
recognition of communicative intentions. But when the experimenters contrasted vocal
signals with non-signals an interesting additional pattern of areas normally not considered
part of mentalizing or simulation were elicited. The hemodynamic responses resided in
areas of the left hemisphere temporo-parietal junction, proposed to be an verbal ‘auditory-
to-meaning interface’ in previous studies (cf. e.g. Hickok & Poeppel, 2000), together with
some structures of the inferior frontal gyrus (left BA 47 and right BA 44 and 45). Again
these are all areas consistently found in studies of verbal language and semantics.



Besides, note that one of the prefrontal components (left BA 47) overlaps with the findings
of Lotze et al. (2006).

A third study of interest in this connection addressed aspects of ‘body language’;
ways we direct motor acts at other people as signals recruiting “shared representations”
(Lawrence et al.., 2006). The experimenters used an adapted version of the Profile of
Non-Verbal Sensitivity or PONS test (Rosenthal et al, 1979) in a fMRI experiment
assessing subjects’ understanding of non-verbal communication. In the scanner subjects
saw a series of short video clips showing an actor conveying various types of facial and
bodily expressions and gestures, and were asked to rate them on either a non-social (face
or body?) or a social (angry or happy?) decision task. The experimenters interpreted
subjects’ behavioral responses (button presses) to the social condition in terms of their
ability to empathize. Empathy is also normally considered part of our ‘theory of mind’
(Lawrence et al., 2006), yet in the main contrast between social perception and non-social
perception, none of the regions supposed to be part of the ‘social brain’ were activated.
Rather, similar to the previous examples the primary main effects are found in the dorso-
lateral prefrontal cortex (DLPFC/BA 46) and inferior frontal gyrus (BA 44) including Broca’s
area bilaterally (among a couple of other sites). The authors interpreted these patterns of
activation in terms of an orientation to ‘shared representations’. The same areas are
however part of a common network involved in various aspects of language processing
(cf. e.g. Hagoort, 2005).

Finally, in an event-related fMRI study on object mediated communication
Tylén and colleagues presented two contrastive types of images to subjects (Tylén et al.,
in press). In the test condition images depicted static scenes with configurations of
everyday material objects that were manipulated in striking ways that seemed to call for a
symbolic interpretation (e.g. chairs put out in the street to reserve a parking place or a
bunch of flowers left on the doorstep of a private home to express a declaration of love,
etc.). The control condition had the same objects in their canonical instrumental (or
accidental) non-communicative contexts. Again, the main conditions thus contrasted
communication and non-communication though in an externalized material mediation. The
experimenters found that when subjects made communicative interpretations and
explored the object configurations as sources of intentional social meaning they had
enhanced activity in part of the fusiform gyrus and the pars triangularis of the IFG (BA
45).

The studies on non-verbal communication introduced above (Lotze et a/, 2006;
Dietrich et al., 2007, Lawrence et al., 2006 and Tylén et al., in press) are all concerned
with a special type of social encounter; situations where bodily movements, facial
expressions, vocal sounds, hand gestures and material objects are recognized as
intentional signals addressing the subject to mediate social meaning. And as such they call
for a cooperative, interpretative attitude in the addressee. While from the point of view of
the well-established approaches in social cognition, we could have expected ‘conceptual
reflection’ or ‘immediate simulation’ to be central components in such interactions related
to for instance the recognition of communicative intent (Walter et a/., 2004; Kampe et al.,
2003; Schilbach et al., 2006; Gallese, 2007; Buccino et al., 2004), areas of these brain
networks seem to play a somewhat marginal role in the studies. Instead, we consistently
find activation in closely adjacent regions of the IFG.



It might be noted that some of the findings in these studies (e.g. in Dietrich et al.
2007 and Lawrence et al, 2006) tap into areas of BA 44 of the IFG that are also
considered part of the mirror system and thus potentially could be interpreted in terms of
mental simulation. Still, since the contrastive control conditions feature very similar
vocalizations and gestures it is not obvious why the mirror system should be activated in
the test and not the control conditions. Rather, the activations found in various
neighboring sites of the IFG (BA 44, 45 and 47) could be seen as expressing a common
trend; the same areas have thus been proposed as comprising the “unification area” by
Paul Hagoort (cf. e.g. Hagoort, 2005; see also Muller & Basho, 2004, for an interesting
discussion). Rather than assigning very subtle differentiated functions to each of these
Brodmann areas, Hagoort finds them to be closely functionally related as an interface for
the integration of various aspects of semantic and pragmatic meaning in verbal language.

Since the same cluster of areas consistently show up in studies on the diverse
range of expressive mediations from gesture to objects (e.g. also including ‘musical
semantics’, Vuust et a/. 2006; 2005) we suggest to ascribe this ‘unification site’ a more
general function across expressive modalities as responsible for human interactive sense-
making and meaning construction. This idea is consistent with the often posed proposition
that verbal language both ontogenetically and phylogenetically evolves from non-verbal
modes of interactive communication (Arbib, 2005; Donald, 2001; Tomasello, 1999; Zlatev,
2008).

3 The Tale of Two Social Brains

Based on the socially enactive framework outlined in the initial parts of this paper we
might hypothesize not one common mechanism and brain network for social
understanding but several depending on the type of social task at hand. For the matter of
the current argument we will propose a rude and simplistic model comprising two such
‘social brains’, that is, two dissociate neural networks underpinning various types of social
understanding. One system is thus concerned with an observational style person-oriented
approach and another - a interactive style object-oriented approach. The first system is
thus concerned with various strategies for extracting social information from the perceived
behavior of the other. It may work by mentalizing or simulation (or both) but essentially
serves the same goal; to ‘privately’ understand the other. The reviewed empirical literature
suggests that the system anatomically comprises a distributed set of regions such as the
MPFC, TPJ, STS and the temporal poles bilaterally plus the IPL, the pars opercularis of IFG
and possibly the insula.

The second system facilitates our engagement with other people in dynamic
participatory interactions for purposes of joint sense-making. In these situations,
participants’ alignment of pragmatic implicatures, fine attentional attunement and
complementary coordination entail mutual commitment to highly schematic social norms
and practices in which roles are assigned and enacted. This socio-normative process is a
triadic endeavor heavily scaffolded by material mediation in the form of mimetic and
symbolic acts, objects and places affording mutual responsiveness.

Far too few brain imaging studies have explicitly addressed the issue of
participatory interaction in proper contrastive experimental manipulations. However, the
few existing studies that can be argued to feature an element of interaction point to the



‘unification area’ of IFG (BA 44, 45, 47) as one of the possible anatomical candidates for
this interactive style of social cognition.

3.1 Toward an Enactive Framework for the Study of Social Neurocognition

By first sight, a social enactive framework for interactive sense-making would seem
somewhat unfeasible to operationalize into concrete testable neurocognitive hypotheses.
The idea that the cognitive profile of participatory interaction is not fully represented and
thus cannot be captured in the individual minds and brains of the participants but only in
their complex dynamical couplings seems to call for something like hyper-scanning
paradigms where two persons are scanned simultaneously while interacting. Such
paradigms are not beyond reach but until they are up and running other testable
hypotheses more suited for state-of-the-art functional brain imaging seem to follow from
the conceptual elaborations posed above. In the preceding, we have suggested three such
hypotheses. One of these is that participatory interactions involve a special kind of joint
attention to the mediating role of bodies, actions and objects. Another is that these
interactions are structured by mutual orientation to socio-normative implicatures that
assign complementary roles to the interactants. And a third hypothesis is that these
normative structures and their material mediations afford for social engagement and thus
evoke mutual responsiveness.

Until further investigations are carried out along the lines proposed in this paper we
suspect that at least some of the aspects of participatory interaction are subserved by
brain regions of the IFG which consistently shows up in existing studies involving elements
of interaction.
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