Intentions in the brain

Bruno G. Bara & Angela Ciaramidaro

Cognitive neuroscientists are beginning to clarify the neural structures
and circuits involved in intention recognition. The purpose of this paper is to
offer a selective overview on the recent research in social neuroscience deal-
ing with the neural mechanisms supporting the comprehension of others’
intentions. In addition, we present data from our group (Ciaramidaro et al.
2007; Walter et al. 2004; 2009) and we propose a new theoretical framework
on how people read intentions. We introduce a novel theoretical distinction
among varieties of intention, which differ by the nature of the private’s pur-
sued goal (private again or social) and by the temporal dimension of the social
interaction (present or future). We regard our experimentation with normal
and with pathological subjects as converging evidence supporting our theo-
retical claims.”
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1. Introduction

The present study about intentions falls within the scope of neu-
ropragmatics in two respects. First of all, neuropragmatics covers the
relation between mental states and their neural underpinnings. In
particular neuropragmatics deals with how communicative agents
brains represent and share intentions, belief and contexts, in order
to infer speaker’s meaning and to achieve successful communication
(Bambini & Bara forthcoming). In our case, we investigate with the
neural correlates of different types of intention, which we investigate
through neuroimaging methods. Secondly, neuropragmatics is con-
cerned with the dysfunction of the mental processes usually investigat-
ed by classical pragmatics. In our case, we explore how schizophrenics
comprehend intentions with respect to the normal population.

In Philosophy of Mind and in Cognitive Pragmatics communica-
tion is defined as an agent’s intentional action overtly aimed at the
modification of the mental states of a partner (Austin 1962; Searle
1969). In particular, successful communication is defined in terms
of the partner’s recognition of a particular set of mental states of the
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speaker, among which there is the intention to achieve an effect on
the partner (Grice 1989). We consider communication as an activity
consisting of a combined effort of actor and partner, who consciously
and intentionally cooperate to construct together the meaning of their
interaction (Bara 2010). Communicative intention is defined as the
intention to communicate a meaning to someone else, together with
the intention that such intention is recognized by the addressee (Grice
1975). Therefore, it is not possible for an agent A to communicate
something to another agent B, if B has no intention to communicate
with A. Furthermore, if A intends to communicate something to B,
A must be aware of the fact: while unconscious intentions may exist,
unconscious communicative intentions do not. We do not consider the
presence of two people a sufficient condition for to be communication.
A further set of conditions must also be stipulated. The first assump-
tion is that the global meaning of the interaction is agreed on by the
participants, irrespective of whether they take the role of speaker or
of hearer. In other words, a mental representation must be construct-
ed of the event that is taking place which is shared by both interlocu-
tors: if there is no partner to receive the message, then the communi-
cation remains private, a bridge that will never reach the other side
of the river (Bara 2010).

2. Intentions in social neuroscience

Social cognitive neuroscience is an emerging discipline whose
aim is the empirical investigation of the neural mechanisms underly-
ing social behaviour, i.e., the ability to generate and recognize socially
relevant information useful to handle human interactions (Adolph
2003; Blakemore et al. 2004). Successful interactions depend upon
our capacity to experience other people as goal-directed, intentional
agents.

Action recognition plays a special role within social behaviour,
because it involves the recognition of the goal and the correspond-
ing agent’s intention. Intentions and goal are two different concepts:
Intentions are representations of possible actions the system may
take to achieve its goal (Cohen & Levesque 1990). If we observe some-
one grasping a glass of water we can infer his/her intention to drink,
and observing the movement we can also infer the goal of the action
(e.g., to quench one’s thirst). We note that intentions have features in
common with goals, but intentionality is more general and has also
been applied to the evaluation of unpredicted actions (Pelphrey et

90



Intentions in the brain

al. 2004; Saxe et al. 2004) or actions in context (Iacoboni et al. 2005).
We are able to differentiate an intentional action from an accidental
action, and we can also recognize whether an action achieves the pur-
sued goal. Even more important, detecting other people’s intentions
allows us to plan and anticipate reciprocal future actions. Observing a
person filling a glass from a bottle with wine, we attribute him or her
the intention to drink. If the same person offers us a glass of wine,
we assume that he/she is inviting us to drink with him/her. We can
accordingly accept or refuse the glass of wine.

Social skills emerge during early infancy: recent studies (for
a review see Johnson 2003) suggest that around 12 months of age
infants are able to attribute agency. Georgieff & Jeannerod (1998)
proposed the “Who” system, specifically dedicated to action attribu-
tion, and Becchio et al. (2006) clarify how the “Who” system allow
children to attribute actions to social agents, a prerequisite to become
able to reason about the goal an agent is pursuing through a spe-
cific action. In fact by 9-12 months of age infants understand the
fundamental features of goal directed actions: they know that agents
monitor their actions in order to pursue a goal, and recognize when
this goal is achieved (Tomasello et al. 2005). By around 4-5 years of
age, children develop a “Theory of Mind” (ToM), i.e., the capacity to
attribute to others independent mental states such as beliefs, desires,
emotions and intentions (for a review see Frith & Frith 2003).

3. The Theory of Mind network

ToM is a neurocognitive mechanism developed by natural selec-
tion to sustain social complexity (Dunbar 1998). In the past decade,
neurophysiologic research has provided evidence of a brain system
that decodes conspecifics’ actions and may contribute to the under-
standing of other people’s intentions. Functional imaging studies of
ToM have used different experimental paradigms like stories (Saxe
& Kanwisher 2003; Vogeley et al. 2001), cartoons or comic-strips
(Fletcher et al. 1995; Gallagher et al. 2000; Brunet et al. 2000), vid-
eos (Zacks et al. 2001) and also interactive games and animations
(Castelli et al. 2000; Gallagher et al. 2002). In particular studies
that have used active on-line tasks in which participants are direct-
ly involved in social interaction (Gallagher et al. 2002; McCabe et
al. 2001) found activation in the medial prefrontal cortex (MPFC)
confirming the crucial role of this brain area in social interaction.
Amodio & Frith (2006) analyzed the anatomical and functional char-
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acteristics of medial frontal cortex, and proposed a model of MPFC
functions, relevant to different aspects of social cognitive processing.
These authors divided the MPFC in three sub-areas with different
roles: a) The posterior region of the MPFC has been implicated in
the continuous internal monitoring of action and in representing
and continuously updating the value of possible future actions in
order to regulate behaviour; b) the more caudal region of the MPFC
is associated with three different categories: self-knowledge, person
knowledge and mentalizing; ¢) the more orbital region seems to be
involved in representing and updating the value of possible future
outcomes.

Other research groups used film clips or stories of everyday activ-
ities performed by a single actor and pointed out that posterior brain
areas are also involved in ToM tasks. For example, Zacks et al. (2001)
used film clips with human actors engaged in structured goal-directed
actions and observed activity in the right tempo-parietal junction
(TPJ) and the precuneus. Furthermore, Saxe et al. (2004) reported
right TPJ activation in response to an intentional action during which
a person was shown walking across a scene and passing behind a
large bookcase. Recent neuroimaging and lesion ToM studies suggest
that the bilateral TPJ plays a prominent role in the comprehension
of other peoples’ intentional action (Castelli et al. 2000; Zack et al.
2001). A new perspective has come from a study by Saxe & Wexler
(2005) focusing on the role of the four brain regions examined herein.
The authors suggest that only the right TPJ is selectively recruited
for the attribution of mental states. In this paper, the authors specu-
late about the functional lateralization in TPdJ, suggesting that the
left TPJ plays a broader role in the attribution of socially relevant
traits, while the right TPJ is restricted to the attribution of relatively
transient mental states.

Taken together, these results show that, although there is
widespread agreement on the existence of a widely distributed neu-
ral network underpinning ToM, the contribution of each of the four
brain regions (MPFC, right and left TPJ, precuneus) described above
remains unclear. In the next paragraph we introduce a novel theoreti-
cal distinction among varieties of intention, a distinction that contrib-
utes to identify more clearly the role of each of the four brain regions
involved in intention recognition.
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4. Varieties of intentions: A neurocognitive framework for the human
ability to read other peoples’ intentions

Social interaction involves attributing mental states and predict-
ing intentions. If we observe someone grasping a glass of water we
assume his intention to drink it, and we can also infer the goal of his
action (e.g., to quench one’s thirst: a private intention). But there is
also a second major type of intentions, namely those that involve a
second agent to be fulfilled (social intentions, e.g., playing tennis with
a friend). A special kind of social intention, for its recursive nature, is
communicative intention. Communicative intention is the intention
to communicate something, plus the intention that that intention to
communicate that particular something be recognized as such (Bara
2010). The necessary condition for real communication to take place
is that such information is intentionally and explicitly proposed to
the interlocutor. For example, by wearing a Cambridge University
tie, Wittgenstein makes the fact that he belongs to Cambridge
University shared, but it cannot be assumed that he have commu-
nicated this particular fact. In order to be communicated, he had to
openly declared: I teach at Cambridge University. In this case listen-
ers would have gained awareness not only of the specific fact, but also
of his open desire that they become aware of that fact.

In collaboration with Henrik Walter’s research group in Berlin,
we started a systematic examination of how human beings infer
intentions after the observation of others’ actions. The idea is to sepa-
rate different kind of intention recognition. We introduced a taxonomy
of intentions based on philosophy of mind (Searle 1983) and cognitive
pragmatics (Bara 2010). The first OR-branch of the taxonomy distin-
guishes between private (preparing oneself a meal) or social intention
(ordering a pizza). This distinction is crucial if we are interested to
detail the neural correlates involved in the ToM mechanism and if we
want to explore the implications of ToM dysfunction in disorders such
as schizophrenia. We therefore implemented a new experimental
protocol with the aim to specify the functions of the main brain areas
involved in the ToM network (for more details see Ciaramidaro et al.
2007; Walter et al. 2004).

Our theoretical framework for reading intentions distinguishes
intentions along two dimensions: the kind of goal (private or social),
and the presence or absence of sharedness of the goal pursued by the
agents (see Fig. 1). This means that, from the observation of a specific
action, we can infer two kinds of intentions: private intention and
social intention. Social intention and private intention differ with
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respect to the nature of the inherent goal. Furthermore within social
intentions we can distinguish between present interaction (communi-
cative intention) and prospective interaction (prospective social inten-
tion). We offer a detailed description of these three intention types
(see Fig. 1 and Fig. 2):

Private intention (PInt) elicits the representation of a private
goal. A goal is private when no one but the actor is involved in its sat-
isfaction.

Commaunicative intention (CInt): This is the prototypical example
of a social intention, both in the present and recursive, i.e., the inten-
tion to share something with someone else plus the intention that the
first intention be recognized as such by the addressee (Bara 2010;
Grice 1975).

Prospective social intention (PSInt): This is the second kind of
social intention, as social intentions elicit the representation of a
social goal also when agent A and agent B are not currently interact-
ing, but when the interaction will happen in the future. In this kind
of intention the social goal is not shared at the moment, because the
interaction is prospective in the future.

( Intention W

Motor Intention
(Intention-in-action) Prior intention
Not analysed in this paper
1 1

Private Social

(PInt) (SocInt)
PSInt: Communicative:

Prospective, in the future Recursive, in the present

(PSInt) (CInt)

Figure 1. Varieties of intentions. Starting from the observation of an action, we
can infer two kinds of prior intentions: private intentions (PInt) and social inten-
tions. These two kinds of intentions differ with respect to the nature of the inhe-
rent goal: private goal and social goal. Within social intentions we can distinguish
between present interaction (CInt) and prospective interaction (PSInt).
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Based on these conceptual distinctions, we implemented an experi-
mental protocol using cartoons that was designed to investigate the
role of each area of the ToM network in understanding other people’s
intentions. In our experiment (Walter et al. 2004; Ciaramidaro et al.
2007), participants were asked to read short comic strips and then
choose a picture that showed the only logical ending to the story, a
procedure that induced participants to take the third-person perspec-
tive.

In order to detect the correct ending of the story, subjects had to
read the mind of characters in the mentalizing task. As a control condi-
tion we used physical stories depicting non-intentional physical cau-
sality (PhC). The manipulation of social interaction in a mentalizing
context was achieved by constructing stories involving individual inten-
tions directed at objects without any social interaction (PInt), prospec-
tive intentions that were directed at future social interactions (PSInt),
and communicative intentions (CInt), that is intentions in presently
occurring interactions that involve communication (see Fig. 2).

PhC
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Figure 2. The four experimental conditions depicting different cartoon stories.
The task was to pick the correct ending of the story (dark frame): PhC = physical
causality (the example is showing a boulder rolls down a slope and breaks a woo-
den fence); PInt = private intention (the example is showing an agent changing
a broken bulb in order to read a book); PSInt = social intention without a shared
goal (the example is showing a young man wrapping an engagement ring); CInt
= social intention with a shared goal (the example is showing two persons interac-
ting, where an agent is pointing to a bottle to request it).
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The most important result was that the ToM network showed
different activation patterns in relation to the nature of the inten-
tions participants were dealing with (see Fig. 3). The results under-
lying the comprehension of private intentions (PInt) showed that
only the right TPJ and the precuneus were recruited (see Fig. 3).
This result can explain why previous fMRI studies using film clips
of everyday activities performed by a single actor reported activa-
tion of these areas. For example, Zacks et al. (2001) used film clips
with human actors engaged in structured goal-directed actions and
observed activity in the right TPJ and the precuneus but not in the
left TPJ or the MPFC. The kind of stimuli employed in these stud-
ies fully corresponds with those probed by our PInt condition. The
stimuli used in their study correspond to the intention type with
those included in our PInt category: making a bed, washing dishes,
fertilizing a houseplant, and ironing a shirt. Furthermore, Saxe et
al. (2004) reported exclusively right TPJ activation in response to an
intentional action during which a person was showed walking across
a scene and passing behind a large bookcase. Once again, the type of
intention involved in their study was conceptually equivalent to the
PInt condition.

By contrast, comprehension of a potentially shared-in-the-future
social intention (PSInt, i.e., prospective social intention) recruited the
right TPJ, the precuneus and the MPFC (see Fig. 3). Recruitment of the
MPFC (in particular the anterior paracingulate cortex, a region located
in the anterior region of the rostral medial frontal cortex described
in Amodio & Frith 2006) may relate to processing the inherent social
goal of the PSInt condition, as we defined PSInt as a social intention
wherein B is part of A’s goal, even though B is not yet present. We pro-
pose that the MPFC activation is specifically linked to the social nature
of the goal an actor is pursuing and not to the mere presence of two
agents actually interacting. Indeed, participants in the PSInt condition
were called upon to represent the mental state of an agent preparing
to interact, i.e., when social interaction was not actually shown but
implied (e.g., a young man wrapping an engagement ring).

Finally, only the comprehension of a shared-in-the-present social
intention (ClInt, i.e., communicative intention) recruited all of the
four areas described above. Communication is an activity that calls
for the initiative to be alternated between the actors involved, and
responsibility for the interaction itself is constantly being shared by
the actors (Bara 2010). In accordance with these considerations, we
observed recruitment of the entire neural system underlying ToM
(MPFC, precuneus, right TPJ, and left TPJ) only when participants
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were dealing with a shared-in
the-present social intention, i.e.,
with communicative intention
(CInt), and this activation of
the left TPJ was rather exclu-
sive for ClInt (see Fig. 3). The
left TPJ therefore appears to be
particularly responsive in the
understanding of communica-
tive intention.

In summary, our results
suggest that the standard defi-
nition of ToM in neuroimaging
studies —i.e., ToM as the abil-
ity to attribute mental states to
self and to others — is not spe-
cific enough, for addressing the
question of the specific function
of each brain area involved. We
suggest that it would be more
appropriate to consider that
distinct areas of the ToM neu-
ral network may be specialized
in processing different classes
of social stimuli. This might
help researchers and clinicians
to better understand ToM dis-
orders in both neuropsychologi-
cal and psychiatric patients. In
the next section, using the same
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Figure 3. The intentional network for
private intention (PInt), prospective
social intention (PSInt), communicative
intention (CInt).

approach, we will present data of a group of subjects with schizophre-
nia, and we will demonstrate how such distinction and theoretical
framework is useful also to investigate the dysfunction in ToM task in
patients with paranoid schizophrenia.

5. Schizophrenia and the deficit of Theory of Mind

ToM deficits are prominent in autism (Baron-Cohen 1995) but
have also been found in patients with schizophrenia (Briine 2005).
Frith (1992) proposed that certain psychotic symptoms associated
with schizophrenia reflect a deficit in the ability of mentalizing and
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claimed that this is the result of patients’ failure to monitor their own
and others’ mental states and behaviour. It has been argued that par-
anoid patients may be characterized by hyperintentionality. Abu-Akel
& Bailey (2000) speak about “hyper ToM”: whereas healthy persons
are able to reflect on the appropriateness and correctness of these
more or less automatic attributions, patients with paranoid schizo-
phrenia might over-attribute significance and intentions to events,
person and objects. To date, only few studies have investigated ToM
tasks in patients with schizophrenia using cartoons (Brunet et al.
2003; Briine et al. 2008), and empathy and forgiveness judgments
(Lee et al. 2006). These studies yielded inconsistent results with hypo-
(Brunet et al. 2003; Lee et al. 2006) as well as hyperactivation (Briine
et al. 2008) of nodes of the ToM network, in particular in the MPFC.
We investigated brain activation in a homogeneous group with
paranoid schizophrenia using the same paradigm described in the pre-
vious section using the three different types of intention (private inten-
tions, prospective social intention, communicative intentions) and a
physical causation control condition. Thanks to these data we wanted to
approach the question of a mentalizing deficit in patients with paranoid
schizophrenia. The assumption that these patients show ToM deficits
because of their incapacity to monitor other people’s intentions, lead us
to claim that the experimental protocol that we described in the previ-
ous section would be adequate to study the specific maladaptive inten-
tional attribution process in these patients. We hypothesized to find a
dysfunction in the network underlying ToM in terms of reduced brain
activations in the intentional conditions, in particular for communica-
tive intentions (CInt), because these patients’ attitude of ‘over-attribut-
ing’ intentions seems to be related to violations of pragmatic rules in
their use of language and incorrect inferences of communicative inten-
tions (Briine 2005). Although there is clear evidence for behavioural
deficits in ToM tasks in schizophrenia, the direct evidence for a neural
dysfunction of the structures underlying ToM capacity in schizophre-
nia is rather sparse. Moreover, the existing studies do not distinguish
between different types of mental states or intentions attributed.
Therefore we planed a second fMRI study using the same task
described in the previous section employing our model about intention
reading (PInt, PSInt and CInt) in order to investigate the maladaptive
attribution of intention in paranoid patients. This study permits us to
examine if the dysfunctional activation within the intentional network
depended on the kind of intention involved (private or social).
Comparing groups directly significant differences in activa-
tion patterns were found in the right and left TPJ region and in the
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region of the MPFC (see Walter et al. 2009). Our main result, in line
with our hypothesis, was that the neural dysfunction of the inten-
tional network is modulated by type of intention. In particular for
the PInt conditions, we found no group differences. So we assumed,
that patients with schizophrenia present no neural dysfunction for
this type of intention. Instead, for the PSInt condition we found sig-
nificant group differences in the right TPJ and the MPFC. Although
both intentions (PInt and PSInt) share a common element, namely,
one agent acting in isolation (see Fig. 2), only PSInt requires the rep-
resentation of a social goal. Also for the CInt comparison there was
additionally a group difference in activation in the left TPJ (together
with the right TPJ and the MPFC).

Furthermore, we are also interested to investigate if paranoid
patients over-attribute intentions, leading them not to deactivate
their intention detector when they are comprehending stories involv-
ing physical causality. For this reason we analyzed the beta param-
eters (see Fig. 4), enlightening that the lack of activation in the
MPFC and left TPJ is not only due to decreased activation in these
regions but also to increased beta values in the PhC condition. In fact
observing the dashed circles (which indicate the beta parameters for
the control condition or PhC in both groups) we note that the patient
group (in light grey) shows more activation than the beta parameters
of the control group (in dark grey).

M Healthy Group
Paranoid Patients

PHC Pint PSInt Cint PhC Pint PSint Cint

I

LTPJ RTPJ

PhC Pint PSint Cint PhC Pint PSint Clnt EhCRIntESInt Clnt g EhCIRint RSInt Cint

Figure 4. Mean activation effects (estimated beta parameters, 95% confidence
interval) of the contrast communicative intention (CInt) vs. physical causality
(PhC) for right tempo-parietal junction (R TPJ), medial prefrontal cortex (MPFC)
and left tempo-parietal junction (L TPJ). Dashed circles indicate the beta parame-
ters for the control condition (PhC). Figure adapted from Walter et al. 2009.
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In accordance with the above mentioned hypothesis that para-
noid schizophrenic patients may have a hyperactive intention detec-
tor, we can explain our results as follows: paranoid patients do not
deactivate their intention detector when they are comprehending sto-
ries involving physical causality, but these patients are always in an
‘online’ modus of ToM. This would also be the case in contexts without
intentional agents, where no ToM is required. Blakemore et al. (2003)
report that patients with delusions of persecution attributed inten-
tional behaviour to moving shapes in conditions where controls saw
no intentionality. These authors propose that patients with schizo-
phrenia perceive agency where others see none. The same process
took place when our patient group observed PhC stories. An exagger-
ated sense of agency seems to characterize patients with delusions of
persecution, and this tendency to perceive agency where there is none
may be a more general feature of schizophrenia (Frith 2005). These
results demonstrate that findings of dysfunctional activation within
the ToM network can only be interpreted if the type of mental state
(or intention), which is used to solve the task, is differentiated.

Furthermore, these results provide evidence that the debate con-
cerning the ‘key region’ for the ToM network might be a misnomer:
different structures might be relevant for different types of intentional
states. Regarding the social and communicative aspects of ToM tasks,
we provide evidence that the MPFC and the left TPJ play the most
important roles. This might stimulate research in different ways.
First, it would be valuable to separate private and communicative
intentions and study subtypes of schizophrenia, e.g., disorganized
versus negative symptoms versus positive symptoms. Second, these
results point to the necessity to look also at the control condition, espe-
cially in patients with positive symptoms who might have a hyperac-
tive intention detector already for physical events. Third, it would
be very interesting to compare patients with autism and patients
with schizophrenia with a paradigm similar to the one we used: one
would expect both type of patients to show reduced differential acti-
vations when comparing ToM stories with communicative intentions
with physical causality stories, but for different reasons: whereas for
schizophrenic patients we would predict a high signal in the ToM-net-
work for physical causality and ToM stories, for patients with autism
we would predict a low signal in the ToM-network for both conditions.
The idea is that both pathologies are characterized by ToM deficits,
but patients with schizophrenia may be labeled as ‘hyper-intentional’
(they tend to treat objects as intentional agents), and patients with
autism ‘hypo-intentional’ (they tend to treat persons like objects).
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6. Conclusions

Human beings perceive conspecifics as social agents. This atti-
tude implies that they constantly explain and predict others’ inten-
tions. Without this competence, other people’s behaviour would be
meaningless from a third person perspective, in that only behaviour
—not action — would be observed. Philosophers of mind have postu-
lated different types of intention. We empirically tested three types
of intentions, first according to the private/social dichotomy, and then
according to the present/future dichotomy. These two conceptual dis-
tinctions remain neglected, although they are quite elementary for
philosophers, and although a growing number of experimental stud-
ies on the subject of intention processing are being produced in social
neuroscience. In fact, paradigms that include these two categories
within the same experimental condition are often reported in the
literature; moreover, ToM neuroimaging studies have not yet distin-
guished between communicative and private intention, often group-
ing them into the same theoretical category. One exception is a recent
study specifically centered on communicative intention (Kampe et al.
2003); this kind of intention, however, was not compared with pri-
vate intention. Our experiments contribute to clarify the picture, as
they show that the Intentionality network is progressively recruited
in order to distinguish private intentions from social ones, and then
future social intentions from present ones. Moreover, our results
show that the dysfunctions in the ToM network showed by paranoid
patients are modulated by different kind of intentions.

Both for linguistics and for pragmatics a specific type of inten-
tion is especially relevant, namely communicative intention: on this
research topic we would like to focus now. Communicative intention
possesses an intrinsic recursive nature that makes it almost unique.
In the last version of Chomsky’s theory of language evolution (Hauser
et al. 2002), the authors distinguish a uniquely human “narrow” fac-
ulty of language from the “broad” faculty of language, which consists
of adaptations for communication that have analogies or homologies
in other animal species. They further claim that recursion is the core
(and perhaps the only) component of the so defined narrow faculty of
language. Recursivity may be domain dependent, and therefore one
should expect to find different neural networks able to implement
it. The one we are postulating for communicative intention would be
one of these recursive networks. The other option is that recursivity
is domain independent, and in this case our intentionality full net-
work ought to be always active when intentions, syntax or calculus
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is involved. In our experiment we have not isolated such a recursive
component. What we did was to empirically prove that communica-
tive intention, that possesses such recursive feature, is sustained by
a specific brain circuit. Although further investigation is needed, our
prediction is that the neural basis of recursion, the key feature of the
human ability for social interaction, has to be looked for in the dis-
tributed intentionality neural network just shown.

In such vein, the next question to be answered about communica-
tive intention should be the following: is the intentionality network
independent from the expressive mean of communication used? We
used gestures as stimuli; but would there be a difference if language
had been involved? Is recursion a single mechanism, common to lan-
guage and gestures? Enrici et al. (submitted) provide a first conclusion
analyzing the brain responses in communicative intention processing
with different expressive means, i.e., linguistic or extralinguistic gestur-
al means. Their findings showed that a common brain network includ-
ing the MPFC, the bilateral posterior superior temporal sulcus and TP,
and the precuneus, is recruited for the comprehension of communicative
intentions, independent of the modality through which it is conveyed.

With the present works, we provided a new theoretical grounded
experimental paradigm that allows for detailed investigation of each
of the four regions implicated in intention attribution. The nature of
intention reading is crucial both in healthy people and in people suf-
fering from an alteration of this fundamental ability, an ability that
connects people to each other.
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