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Theoretical note

Two-levels of mental states attribution:
from automaticity to voluntariness

Giorgio Coricelli∗

Institut des Sciences Cognitives, CNRS 67, Boulevard Pinel 69675, Bron, France

Abstract

In this paper, I introduce the hypothesis that there are two levels of mindreading. The first level refers to automatic-preconceptual phe-
nomena that specify a primitive understanding of another person’s mind. It is based on early-imitation, action and emotion recognition.
The second level of mindreading is conceptual and voluntary. It is based on intentionality, empathy, and higher depths of reasoning. The
activities in both levels are generated by internal simulative mechanisms. This hypothesis is based on human and nonhuman neuroscientific
evidence.
© 2004 Elsevier Ltd. All rights reserved.
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. Introduction

The complexity of the processes underlining social inter-
ction is often underestimated in the neuroscientific litera-

ure. An advanced mechanism of mindreading, needed for
he understanding and the interpretation of others’ intentions
nd behavior in terms of their mental states, requires a cor-
espondent sophisticated neural mechanism.

The domain specificity of mindreading is also often un-
onsidered. We cannot assume that there is a unique brain
odule that is always implemented and solves the many pos-

ible social interactive situations.
In this paper, I consider mindreading system as a domain

pecific mechanism that evolves from a more basic, but spe-
ialized form of social cognition, to a more sophisticated form
f intersubjectivity.

I introduce two-levels of understanding of others’ inten-
ions and behaviors. The first level of this model refers to
utomatic preconceptual phenomena that specify a primitive
nderstanding of another person’s mind. The second level of
indreading is conceptual and voluntary. The acquisition of

of the other person in the understanding and predictin
behavior.

In my analysis, I consider that the processes involve
the attribution of mental states are simulations; simula
being any brain activity related to preceding or non-exec
actions.

The goal of this paper is to define a plausible relation
between the two levels of mindreading. I present a des
tion of the first level and I conclude with some considerat
about its link with the second level. In support of this hypo
esis, I present evidence coming from non-human primate
vestigations, as well as data obtained in neuropsycholo
and neuroimaging studies in human subjects.

2. The first level of understanding of mind

I consider two systems as part of the first level of
mindreading model. The first system enables a primo
understanding of intentions through movement observ
and the second system is based on emotion recognitio
he second level implies the ability to adopt the perspective
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emotional contagion. Both systems contribute to generate a
more sophisticated simulative mechanism that underlines a
higher level of the mindreading process. Thus, the claim of
this paper is that action-recognition and emotion-recognition
a
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re the basis for mindreading development.
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2.1. Action recognition

The understanding of how people infer the intentions of
others from their movements is a crucial point for the def-
inition of a primitive level of mindreading. The extraordi-
nary human and non-human ability to recognize and iden-
tify movement of living things and, in particular, movement
of their cospecifics, namely ‘biological motion’, shows that
there is something unique in their movements. Animate and
deliberate movements have specific aspects that can be in-
ferred and interpreted by the observer. We need few cues,
few points of light attached to the joints of the person mov-
ing, to recognize human actions (Johansson, 1973).

Results from neuroimaging studies indicate that the su-
perior temporal sulcus (STS) is the region of the brain spe-
cialized to distinguish biological from non-biological motion
in moving things (Bonda, Petrides, Ostry, & Evans, 1996;
Grezes, Costes, & Decety, 1998; Grezes et al., 2001; Vaina,
Solomon, Chowdhury, Sinha, & Belliveau, 2001; Grossman
& Blake, 2002; Pelphrey et al., 2003; for review seeDecety
& Grezes, 1999; Allison, Puce, & McCarthy, 2000). This re-
gion is distinct from the usual “motion” areas MT and V5,
thus indicating a specialization of the brain in responding to
biological motion.

Most of these imaging studies are simulations of biological
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matic, and secondly, that it is specialized for different cate-
gories, including goal-directed actions.

The characteristic movements of living things, called ‘bi-
ological motion’, (Johansson, 1973) expresses intentions.
Therefore, the existence of specialized brain circuits that de-
tect biological motion isprima facieevidence of the existence
of mechanisms specialized for the attribution of intentions
(Castelli, Happe, Frith, & Frith, 2000; Blakemore & Decety,
2001; Blakemore et al., 2001).

2.2. From action recognition to action generation.
Connecting the external with the internal world: the
mirror effect

My model for describing how people infer the intentions
of others from their actions is a system defined by two mech-
anisms. The first mechanism is driven by the ‘biological mo-
tion neurons’ that responds automatically to externally gen-
erated movements, distinguish and isolate intentional motion
from general motion. The second component of the system
is represented by the ‘mirror neurons’.

The mirror neurons have been discovered in the inferior
frontal cortex of monkeys (inferior premotor area F5). These
cells are active when the monkey makes a goal-oriented
movement (e.g. grasping food) and when the monkey ob-
s g the
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ight are attached to major points of the body, and contro
on-biological motion with random or noncoherent moti

The experiment byBonda et al. (1996)investigates tw
ypes of motions: (1) goal-directed action of the hand,
tation of the act of reaching for a glass, picking it up,
ringing it to the mouth; (2) movement of the whole bo
.g. expressive dancing-like movement. The first type of

ion activates areas in the posterior part of the left hemisp
ithin the intraparietal sulcus and the caudal superior
oral sulcus. The perception of expressive body movem
ctivates the temporal neocortex and limbic areas (amyg
ritical for emotions. These results show the existence o
erent mechanisms for the perceptual analysis of diffe
ategories of movements involving biological motion,
he specificity of a perception mechanism for goal-dire
ction.

There is also evidence of specialization in respon
o other types of biological movements, like mouth mo
ent (Puce, Allison, Bentin, Gore, & McCarthy, 199),

ip movement (Calvert et al., 1997), and walking (Pavlova
utzenberger, Sokolov, & Birbaumer, 2004). In particular, the
esult of this last study shows the early stage of cortical
essing in discriminating between canonical and scram
alking movement indicating the automaticity of this se

ive response.
Developmental studies show that the predisposition fo

ecting biological motion is present in infants of 4–6 mon
Fox & McDaniel, 1982).

In summary, the data described above shows that the
ty of recognizing action of other humans is innate and a
erves the experimenter or another monkey executin
ame movement (di Pellegrino, Fadiga, Fogassi, Galle
Rizzolatti, 1992; Gallese, Fadiga, Fogassi, & Rizzola

996; Rizzolatti, Fadiga, Gallese, & Fogassi, 1996a).
This cortical circuit represents a system that has the f

ion of matching action observation and execution, wher
bservation of an action automatically activates neurons
re usually active while executing the same action (Gallese
t al., 1996; Rizzolatti et al., 1996b).

First evidence of the presence of the mirror system in
an was found using Transcranial Magnetic Stimulatio
study conducted byFadiga, Fogassi, Pavesi, and Rizzo

1995).
Grafton, Arbib, Fadiga, and Rizzolatti (1996)identified

reas of the brain involved in movement planning by req
ng subjects to imagine performing grasping. The proce
magining the execution of the task (grasping) is simila
he process of preparation for the real movements.

This mental task activates the lateral premotor cortex
upplementary motor area (SMA), which has been f
ionally subdivided (as described inGrafton et al., 1996) in
upplementary motor area rostral (SMAr) and supplem
ary motor area caudal (SMAc). The SMAr refers to mo
ent planning estimated by imagined movements and
MAc refers to movement execution. Observing another
on making a grasping movement activates motor area
ay be involved in planning a similar action. This effec
lso called the ‘mirror effect’ (Rizzolatti et al., 1996a).

There are two main characteristics of mirror neur
irst, the mirror neurons refer to goal-related moveme
hese cells are selectively active during the execution
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observation of goal-related movements thereby representing
a link between external generated goal-oriented movements
and similar internal generated movements. Second, the mir-
ror neurons are activated automatically. The automatic nature
of the mirror neurons is shown in the data collected byFadiga
et al. (1995)in an experiment on humans. These data show
that the brain cannot inhibit the increase of motor evoked
potentials (MEPs) during observation of movements. The in-
ability of the brain to inhibit this type of reaction shows the
automatic nature of the mirror effect.

The existence of the mirror neurons indicates the ability
of the brain to replicate and mimic the action of the target
and to recognize the intention of the action. The discovery of
mirror neurons provides the first evidence of the presence of
an internal representation of the goals and intentions of the
others in the brain.

Partially in contrast with the seminal paper ofGallese and
Goldman (1998), I assume an unambiguous position in con-
sidering the mirror neurons only as precursor and not as part
of a more general mindreading ability (second level of my
model). This statement is motivated by the nature of the sim-
ulative process related to action observation that characterizes
mirror neurons, which is automatic, unconscious, prereflex-
ive and local (Gallese, 2003). These characteristics of the
simulative process limit the role of the mirror neurons as pre-
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tant contact between agents (Maurer, 1985; Haith, Bergman,
& Moore, 1977; Hainline, 1978). Eye contact determines
increase in physiological arousal.Nichols and Champness
(1971) report evidence of an increase of skin conductance
responses (SCRs) during eye contact. Eye contact embedded
mostly positive emotions, which for example result in smil-
ing (Wolff, 1963; Schaffer, 1977). The infant seems to have
an innate predisposition for looking at the eyes and direct
their attention to mutual eye gaze (Farroni, Csibra, Simion, &
Johnson, 2002). This predisposition stimulates unconscious
emotional experiences (Maurer, 1993). Mutual gaze is cor-
related with the baby smiling; indeed, when the adult averts
her gaze the baby tends to reduce or stop smiling (Hains &
Muir, 1996).

The neural system underlying the ability to process an-
other person’s eye gaze refers to the superior temporal sulcus
and the medial prefrontal cortex (Calder et al., 2002). These
two regions are also involved in mindreading (for a review of
imaging data on theory of mind,Gallagher & Frith, 2003).
Thus, emotional recognition seems to be linked to the process
of attribution of mental states.

Amygdala is also involved in perceptual tasks requiring
recognition of facial expression, and several general functions
within the domain of emotion and social behavior (Adolphs,
Tranel, & Baron-Cohen, 2002; Adolphs, Tranel, & Damasio,
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ursors of a complete mindreading mechanism because
haracteristics do not fulfill necessary conditions for a sop
icated mindreading process. In order to enable proces
efinition and acquisition of mental categories, in the ca
indreading mental state categories, the simulation pro
eed to implement different and connected mechanisms
s anticipation, self sustained inner loops and reactivat
ill come back to this point further in the paper.
In synthesis mirror neurons match observation of e

al movement with internal represented movements. Th
ult of the recognition also represents an input for a m
acilitation system, based on imitation, and represents a
ut for an interpretation-of-action system (Jeannerod, 2001).
hus, the main function of the mirror neurons is to repre
ctions for imitating and for understanding them. This

icular ability is vital for all of the animals that need to ass
eaning to social events that may be rather similar in

ensory aspects.

.3. Emotion recognition and emotional contagion

Perception of emotion is part of the first level of the m
reading system. The emotional system links the infant t
aregiver since the beginning of life (Stern, 1977; Stern, 198
aron-Cohen, 1995). The facial expression is the main inst
ent of ‘emotion contagion’ and arises when an agent r

he affection of another and imitates (Meltzoff & Moore,
977; Meltzoff & Moore, 1983; Meltzoff & Moore, 1989)

he affective position. An example of emotional contag
resented early in life is the baby that cries when ano
aby is crying. Within the face, the eyes are the most im
998; Adolphs, Tranel, Damasio, & Damasio, 1994). There
s imaging and clinical (Baron-Cohen et al., 1999; Stone
aron-Cohen, Calder, Keane, & Young, 2003) evidence tha
hows how the amygdala regions represent an important
or the mindreading system. The imaging study (fMRI)
aron-Cohen et al. (1999)shows amygdala activation in no
al subjects performing the ‘Reading the Mind in the E

ask’, inferring complex mental states from images of
yes. A more recent study conducted byShaw et al. (2004
ompares performance on theory of mind tasks of two gr
f patients, respectively, with early or acquired amyg
amages. Evidence from this study indicates that only
arly damaged patients are impaired in theory of mind.
esult shows how the amygdala has essentially a develop
al role in the acquisition of the mindreading system.

In summary, recognition of emotions and the emotio
ontagion are two primitive forms of social communicat
irst, the baby recognizes and imitates the affective ex
ion of others, and then the baby can simulate the affe
osition. Additionally, the natural tendency of the caregive
ttribute intentions to the baby represents a first ‘attitude
rying) therefore consequence (care of the mother)’ ex
nce. This type of interaction, namely the caregiver attr

ng intention to the baby’s emotion, stimulates the ba
nderstanding and expression of intentions.

. From the first to the second level of mindreading

I consider the mindreading system as a domain
ific mechanism. This system evolves from a more b
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but specialized form of social cognition–perception of in-
tention from movements, perception of emotion and emo-
tional contagion—(first level) to a more sophisticated form
of ‘mind–mind’ interaction (second level). The first level of
mindreading is automatic and preconceptual while the second
is voluntary and conceptual.

I suggest that both levels present the distinction between
‘cold’ and ‘hot’ aspects of mindreading (Brothers & Ring,
1992). The cold aspects refer to inferences concerning epis-
temic states (beliefs, desires and knowledge), while the hot
aspects refer to inferences about others’ affective states.

The first level represents the basis for the mindreading
development. Processes of early imitation and learning of
social skills are involved at this first level. Indeed, the abil-
ity to imitate is present also in infants (Meltzoff & Moore,
1977; Meltzoff & Moore, 1983; Meltzoff & Moore, 1989).
This ability is expressed in the imitation of facial and man-
ual gestures. This type of imitation involves a mechanism
that maps the externally generated action onto an internal
motor representation of the same action, called ‘resonance
mechanism’ byRizzolatti et al. (1999). There is a progres-
sion from this simple and automatic imitation to the under-
standing and execution of intention-related action. Therefore,
early imitation mechanisms contribute to the development of
a more sophisticated mindreading system. The main contribu-
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multi-component. In an advanced process of mindreading, a
selection mechanism is necessary to attribute the hypotheses
of possible mental states of the other person; only then the
simulation can be executed, therefore simulation at this stage
is not automatic or unconscious.

In analogy with simulative process related to other do-
mains, such us perception, motor processes, imagery, and
memory, I hypothesize that simulation of mental states is
a process that implements different and connected mecha-
nisms, such as anticipation and self sustained inner loops
(Alexander, Delong, & Strick, 1986). Mindreading is antici-
patory in the sense that it anticipates the execution of an ac-
tion and generates predictions of all possible consequences
of different actions.

In the case of control for movement, for example, the ocu-
lomotor system (which has the function to stabilize the visual
world on the retina, through automatic reflexes) can be used to
simulate movements before their execution (Berthoz, 1996).
This simulation allows a comparison of the consequences
of the movement of the body without the execution of this
movement. The anticipatory/projective process is driven by
an inner loop.

We could think that in the process of mindreading the
brain simulates the consequences of different possible men-
tal states and chooses according to a “comparer mechanism”.
I h as
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ion of early imitation consists on stimulating the understa
ng of the ‘like me’ in the other-self relationship (Meltzoff &
ecety, 2003; Gallese, 2003; Iacoboni et al., 1999).
With concern emotions, there is a progression from

utomatic-unconscious contagion mechanism to a cons
nd volitional expression of emotion. This path progress

mplements a greater degree of definition and integratio
he schemata used to process emotional information co
rom internal or external emotional experience. The in
ubjectivity in terms of emotions is based on the emph
rocess.

Empathy is based on common experience of action
ween self and the other (Gallese, 2003). The empathic pro
ess involves a simulation of the affective situation of
ther person with the goal of understanding her emoti
tatus. Evidence of the neural basis of the process that
lates empathy from action representation is described
euroimaging study ofCarr et al. (2003). This study show

he crucial role of the insula for transferring salient emotio
nformation, derived from action representation, to the lim
reas.

.1. Simulation processes involved in the two levels of
indreading

Internal simulation processes characterize both leve
indreading. The different nature of those processes d
ines the distinctions between the two levels. The simul
rocesses corresponding to the activities of the first leve
utomatic, unconscious and local (Gallese, 2003), wherea

he processes of the second level are voluntary, consciou
f this hypothesis is true, it should implement circuits suc
he basal ganglia-thalamo-cortical loops that are organ
n modular loops (Alexander et al., 1986). The presence an
he activity of these self-sustained inner loops would giv
he brain the opportunity to act as hypotheses generato
otheses are generated through a simulative process, in

he brain simulates actions. These internal circuits enab
rain to engage in endogenous and independent (by ex
timuli) activity.

The main point to be retained is that simulative proce
re necessary and efficient. In complex cognitive situa
e.g. catch a ball, drive at high speed, etc.) and in com
ocial situations (e.g. detect other’s intentions or beliefs)
rain does not solve complicated differential equations
oes it find the game theoretical equilibrium (Nash, 1950)
f the interaction; instead, it activates an internal simula
rocess that compares the consequences of the possi

ions. Through this process, the brain selects and execu
ction.

During the simulative process, the brain “matches and
lifies the external configuration with an internally prede
ined or acquired repertoire of sensory or motor patte

he internal model of the limb in the example of catch
ball (Berthoz, 1996). The idea that the brain internaliz

he property of the effectors systems has been formulat
ernstein (1967). This internal representation is used dur
otion, perception and also during cognitive processes

easoning. This evidence of internal representation is
rmed by results on mental rotation of visual object du
omparison tasks (Kosslyn, 1980); and by the temporal sim
larity in imagined and executed actions (Decety, Jeannero
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& Prablanc 1989; Sirigu et al., 1995). In the visual task, the
results show the correlation between the rotation angle and
the solution timing, which indicates the presence of an inter-
nal representation.

An analogous simulative process is hypothesized here for
the mindreading activity. Thus, the brain internalizes the char-
acteristics of the target and simulates its own decision making
process to predict and understand the target’s intention and
behavior.

This characterization of the simulation process underly-
ing the second level of mindreading is consistent with the
simulation theory of theory of mind, which states that “the
pretend state used by the interpreter in order to understand
the behavior of the target is the result of a deliberate and
voluntary act on the side of the interpreter” (Gordon, 1986;
Goldman, 1989).

People predict and interpret the behavior of others by
imagining being in their situation (in terms of their men-
tal state). Individuals simulate other individuals’ behavior
on the basis of their own motives and social predisposition,
through a process of introspection, in the sense that “we use
ourselves as a model for the person we are describing or
predicting” (Stich & Nichols, 1995). People “put themselves
in the other’s shoes,” in the sense that they project them-
selves into the other’s situation without any attempt to project
t
t avior
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interpersonal relationship, integrating the self with the other
in a single neural system, thus creating an interpersonal link
(Gallese, 2003; Jeannerod, 2003). The distinction between
the two levels presented here is due to their different under-
lying simulation mechanisms. In the first level, simulation is
automatic, unconscious and preconceptual; while in the sec-
ond level simulation is voluntary and conceptual. The pres-
ence of two levels is consistent with extensive evidence of the
discontinuity in the developmental process related to min-
dreading (Baron-Cohen, 1995; Frith & Frith, 2003). Indeed,
as described inFrith and Frith (2003), implicit mentalizing
(first level) is present around the age of 18 months, while
more sophisticated and explicit mentalizing process arises
approximately during the fourth year of age (second level).
I explain this discontinuity with the nature of the two differ-
ent simulation processes and their requirement in terms of
brain structure’s development. Thus, the simulation process
underlying the second level requires a higher development of
frontal areas of the brain.

In the second level of mindreading we simulate the men-
tal states of the other individuals using our own decision-
making mechanism. This process is domain specific, con-
sidering that our decision-making mechanisms are different
and specialized for different contexts. Degrees of knowledge
of the others and the context (Coricelli, McCabe, & Smith,
2 ent
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hemselves into the other’s mind (Gordon, 1995). Simula-
ion theory states that we predict and explain the beh
f other individuals by a simulative process, i.e. we simu

he decision-making process of the other individual by
ng part of our cognitive systems “off-line” (Goldman, 1995
ordon, 1995). “The simulation approach postulates that
euristics or material employed in mentalizing make es

ial use of the attributer’s own psychology. In the stand
ore of simulation theory, an attributer who wishes to pre
target’s decision begins by creating pretend states in hi

hat correspond (or so he thinks) to prior states of the ta
e feels these pretend states into his own decision-m
echanism, and sees what decision the mechanism ou

cf. Goldman, 2001, p. 2).
During the progression from the first to the second lev

indreading, the frontal areas assume a fundamental ro
on-automatic features of the mechanisms of mindrea
s described above. Prefrontal areas are needed for t

ivation, control and selective inhibition (Jeannerod, Arbib
izzolatti, & Sakata, 1995; Jeannerod, 2001) of the simula

ive process. Therefore, frontal areas are necessary fo
ntariness (second level).

. Summary and concluding remarks

In this paper, I claimed that action and emotion reco
ion represent the basis of a more sophisticated mindre
echanism. These first components allow the individu

onstruct the self-other representation, which is a prer
ite of mindreading. The mirror neurons solve the proble
-

000), ranging from certainty to uncertainty; and the differ
evels of recursive reasoning (depths of reasoning), in t
f thinking about the others thinking about us thinking ab

hem and so on, are crucial factors in the definition of
rain circuits that are needed to solve the interactive s

ion. This approach is in contrast with the existence of a s
heory-of-mind module, and calls for future studies aime
nderstanding the underlying complexity of the mechan

hat drive social interaction.
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