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Spatio-temporal Brain Dynamics of
Understanding Social Versus Private Intentions:
An Electrical Neuroimaging Study
Yiwen Wang*, Liang Huang*, Chongde Lin†,
Zhen Zhang*, Fucheng Liang*, Deli Shen*
ABSTRACT
Although a growing body of research provides critical information about the spatio-temporal dynamic of the brain network
mediating the understanding of causality between an action and its outcome at the individual level, little remains known about
this cognitive process when the action outcome has a social connotation. To address this question, we recorded electrical brain
activity from 16 healthy adults while they performed an intention understanding task including actions with three different
types of causality; 1) private intentions by two agents acting independently from one another; 2) communicative intentions by
two agents acting in an interactive way with one another; 3) physical causality among objects. Electrophysiological results
showed differential electrical activity for private compared to communicative intentions within 400 ms post-stimulus. Brain
source localization of the difference waves between communicative and private actions showed a generator located in the
vicinity of middle cingulate cortex, which reinforces the role of this brain area in predicting social intentions.
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NeuroQuantology 2012; 4: 733-743

Introduction1
Understanding intentions of others based on
the observation of their body language is a
fundamental skill for behaving appropriately
and efficiently in social settings (den Ouden et
al., 2005; Satpute et al., 2005; Cacioppo et al.,
2010; Bara, 2007; Leslie, 1994; Premack and
Woodruff, 1978;.Ekman, 1991; Wang et al.,
2010). Recent theories of embodied cognition
(i.e., implicit understanding of others’ actions
through our own past motor experiences)
suggest one understands intention of others by
shaping one’s understanding and anticipation
of actions performed by others based on one’s
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own motor system (Jeannerod, 2001;
Niedenthal, 2007; Grafton, 2009), which is a
process that takes place in embodied cognition
(Grafton, 2009; Rizzolatti & Sinigaglia, 2008;
Jeannerod, 2000; Ortigue et al., 2010,
Grafton, 2009). As Jackson and Decety (2004)
initially noted, the existence of a system
matching executed and perceived actions
offers a parsimonious explanation of how one
recognizes other people’s intended actions—
i.e., by a direct mapping of the visual
representation of the observed action onto
one’s own motor representation of the same
action.
Along
these
lines,
several
neurophysiological evidences suggest that the
same neural representation is used for
intending actions as well as understanding
other people’s motor intentions (Garbarini &
Adenzato, 2004; Grafton, 2009; Niedenthal,
2007). In other words, the understanding of
actions and intentions of other people is based,
at least in part, on the same brain mechanisms
www.neuroquantology.com
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than those underlying the formation of one’s
own motor intention (Frith, 2002; Rizzolatti
and Sinigaglia, 2008). Along these lines, the
understanding other people’s behavior
involves different steps, such as: i) to recognize
a physical action, ii) to represent goal-directed
actions, iii) to understand the causal
relationship between an action and the
intention that leads to that action, and iv) to
re-experience/re-enact
the
perceptual,
somato-visceral, and motor components of
one’s acts (Grafton, 2009; Niedenthal, 2007;
Niedenthal et al., 2005; Frith and Frith, 1999).
Recent functional neuroimaging studies
provide insights into people’s ability to infer
others’ intentions by unraveling the neural
bases of this mechanism (Aglioti et al., 2008;
Grafton et al., 2008; Rizzolatti & Sinigaglia,
2008). Inferring intentions of other people
from the observation of their actions recruits
an inferior fronto-parietal action observation
network (AON) as well as a putative social
network (SN) that includes the posterior
superior temporal sulcus (STS), the temporoparietal junction (TPJ), the anterior
paracingulate and also the cingulate cortex, a
key prefrontal region subserving theory of
mind
(ToM).
Furthermore,
electrophysiological studies using high-density
EEG recordings in healthy volunteers provide
further information regarding the temporal
dynamics between these two brain networks
(AON and SN) for private intentions (Ortigue
et al., 2009, 2010; Sabbagh et al., 2004a;
Wang et al., 2008, 2010). For instance,
Ortigue et al. recently showed the dynamic
involvement of both the posterior superior
temporal sulcus (pSTS) and inferior parietal
lobe (IPL) at early stages of information
processing for private intentions, and without
a strict segregation between the AON and SN
networks (Ortigue et al., 2009; 2010). In
addition, Sabbagh et al. (2004a) reported that
decoding another person’s intentions from the
observation of their eyes was associated with a
specific ERP component (i.e., N270-400) over
the inferior frontal and anterior temporal
regions. Brain source estimation of this ERP
component reinforced the recruitment of the
orbito-frontal and medial temporal regions.
Together, these studies demonstrate the
possibility to characterize the dynamics of
intention understanding across time and
cortical regions in the early stages of
information processing i.e., within the first
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400 ms. In 2011, Proverbio and colleagues
reinforced this early involvement of the AON
and SN by recording brain activity from 35
university students while they were perceiving
260 pictures of cooperative (e.g., 2 people
dragging a box) or affective (e.g., 2 people
smiling and holding hands) interactions, and
showing that the action's goal was
automatically discriminated at about 150–170
ms, as reflected by occipito/temporal N170
response. The swLORETA inverse solution
revealed the strongest sources in the right
posterior cingulate cortex (CC) for affective
actions and in the right pSTS for cooperative
actions. In a later time window (200–250 ms)
the processing of cooperative interactions
activated the left post-central gyrus (BA3), the
left parahippocampal gyrus, the left superior
frontal gyrus (BA10), as well as the right
premotor cortex (BA6; Proverbio et al., 2011).
Although these findings did shed critical light
on social intention understanding, they were
not
directly
comparing
private
vs.
communicative intentions. Thus, it remains
unclear whether these findings would
generalize to the decoding of communicative
intentions (e.g., declarative pointing) observed
in social settings. Communicative intentions
allow one to express their intentions to share
an object with another person. The study of
this type of intentions is a question of
particular interest in social and cognitive
neuroscience as: i) communicative intentions
constitute some of the most important signs
for non-verbal communication (Bara, 2007),
and ii) they may facilitate (or inhibit) the
cooperation (or the competition) between
individuals in daily life (Pierno et al., 2007).
Accordingly, increasing attention focuses on
communicative intention understanding in
neuroscience. And a few fMRI studies start to
unravel the neural bases sustaining the
understanding of communicative intentions
(Ciaramidaro et al., 2007; Walter et al., 2004;
Brunet et al, 2000). For instance, in two
separate fMRI experiments, Walter et al.
(2004) have demonstrated that the anterior
paracingulate cortex (PCC) is not necessarily
involved in the understanding of other
people's intentions per se, but primarily in the
understanding of the intentions of people
involved in social interaction.
However, the poor temporal resolution of
fMRI neuroimaging limits the characterization
of the temporal dynamics of communicative
www.neuroquantology.com

NeuroQuantology | December 2012 | Volume 10 | Issue 4 | Page 733-743
Wang Y et al., Brain dynamics of understanding intentions

intention decoding (Ortigue et al., 2009,
2010). Methods using millisecond temporal
resolution, e.g., high-density surface EEG
recordings, may provide critical information
about the temporal dynamics of intention
understanding (Liu et al., 2009a, 2009b,
2004; Wang et al., 2010, 2008; Sabbagh et al.,
2004a; Ortigue et al., 2009).
The main aim of the present study was to
extend
recent
fMRI
findings
on
communicative versus private intentions by
characterizing the spatio-temporal dynamics
of this cognitive process using high-density
EEG. Based on the above-described studies,
we hypothesized that the spatio-temporal
brain patterns for intention understanding
would vary as a function of the type of
intentions in the early stages of information
processing (i.e., within 400 ms post-stimulus).
Materials and Method
Subjects
Sixteen undergraduates (ten females and six
males, age range 19-23 years, mean age 19.93
years) without prior history of any
neurological dysfunction completed the
experiment. All of them were right-handed,
and had normal or corrected-to-normal vision.
The study was carried out according to the
principles laid down in the Declaration of
Helsinki. Informed written consent was
obtained from all participants, conforming to
the ethics committee's rules and procedures of
the American Psychological Association (APA).
Stimuli and design
In the present study, we used similar stimuli
than those used in previous studies on
communicative
intention
understanding
(Brunet et al., 2000， 2003； Walter et al.
2004； Gallagher et al., 2000; Bahnemann et
al., 2010). As in previous studies, stimuli
included comic strips that depicted three
different conditions: 1) private intentions by
two agents acting independently from one
another; 2) communicative intentions by two
agents acting in an interactive way with one
another; 3) physical causality among objects
(i.e., non-intentional control condition). Each
comic strip consisted of two pictures presented
sequentially so they could create the visual
illusion of a movement of the objects or
agents. As in previous studies, the comic strips
did not differ as a function of difficulty in
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making a decision. The main difference
between the three conditions was in the nature
of the element that was causing the action. The
comic strips for the physical condition
included objects only, whereas the other two
conditions included two individuals (who were
either interacting with one another, or not). In
the physical condition, the comic strips (N =
63) displayed several objects, such as, a ball
running down a hill because of gravity, and
breaking a wooden barrier on its way (see
Figure 1a). In the private condition (N = 63),
the two agents acted independently without
any interaction between them, either facing
each other or not (e.g., an agent was doing her
homework by herself, while the other agent
was playing with a ball by himself; see Figure
1b). In the communicative condition (N = 63),
there was an interaction between the two
agents (e.g., an agent was pointing to a ringing
phone to request the other agent to answer the
phone; see Figure 1c).
A total of 188 trials were used in the
present experiment. Like in Gallagher et al.
(2000) and Walter et al.’s (2004) studies, all
comic strips were drawn by a postgraduate
artist to control for uniform physical details,
and size (i.e., 9.98 cm in width, 7.51 cm in
height) of each cartoon. Each cartoon was
283×213 pixels. All stimuli matched in
luminance, contrast, color saturation and
spatial frequency
spectrum
level, as
ascertained with Adobe Photoshop 7.0
software. All stimuli were presented in a
monochrome color with a black background.
Experimental procedure
Figure 1 illustrates the experimental
procedure. First, a 500-ms fixation sign (+)
was presented in the center of the screen as a
prompt to indicate the start of each trial. Then,
a 1500-ms picture was presented followed by a
400-600 ms black screen. Finally, a second
picture was presented for 1500 ms. The intertrials intervals (ITI) among trials were
randomized between 400-600 ms with 10 ms
increments.
Participants’ instruction
As in Gallagher et al., (2000), participants
were asked to look at each comic strip and
think about the intention illustrated in the
pictures. Then, participants were asked to
indicate, as quickly and as accurately as
possible, whether each intention was private,
www.neuroquantology.com
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communicative or physical. Participants were
required to answer before the disappearance of
the second picture (i.e., within 1500 ms after
the onset of the second picture), forcing them
to make rapid judgments with understanding
the agents’ intentions. Participants were
required to use their right hand and press one
of the assigned keys (key #1: physical
intentions; key #2 private intentions; and key
#3: communicative intentions) on a threebutton pad. The key response assignment was
counterbalanced between participants in order
to avoid any key sequence effects. Prior the
intention understanding task, participants
received a training session with eight comic
strips to ensure they fully understood the
procedure and instruction. None of the comic
strips, presented during the practice session,
was presented during the experiment. A
debriefing session, performed at the end of the
experiment, confirmed that the participants
did not subjectively consider one condition
harder than another condition in terms of
categorization.

Figure 1. Illustration of the task setup Note: (a) physical
condition, a running ball because of gravity knocks over and
breaks the wooden barrier; (b) private condition, an agent is
doing homework and another agent is playing a ball; (c)
communicative condition, an agent pointing to the ringing
phone to request another one to answer it.

ERP recording and analysis
We measured brain electric activity from 64
channels with the averaged bilateral mastoid
reference and a forehead-ground using a
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modified 10-20 system electrode cap
(Neuroscan Inc.). The vertical EOG was
recorded with electrodes placed above and
below the left eye, and horizontal EOG was
recorded with the electrodes placed the
outboard of both eyes. All inter-electrode
impedance was maintained below 5kΩ. EEG
and EOG were amplified using a 0.05-100 Hz
band pass and continuously sampled at 1000
Hz/channel for off-line analysis. Eye blink
artifacts were removed automatically using
Scan software (Neuroscan Inc.). EEG
contaminated with artifacts due to amplifier
clipping, bursts of electromyographic (EMG)
activity, or peak-to-peak deflection exceeding
±100 μV were also excluded from trials. In
present study, the ERP waveforms were timelocked to the onset of the second picture. The
averaged epoch for ERP was 1000 ms
including a 200 ms pre-stimuli baseline. To
obtain the ERP waves under each of the three
conditions, the EEGs associated with correct
responses were averaged for each condition.
After artifact rejection, the mean numbers of
valid trials for each condition were 47
(private), 50 (communicative), and 53
(physical), respectively.
The peak amplitudes (baseline to peak)
of visual N170 and N2 waves were measured in
100-200 ms and 200-300 ms time windows,
respectively. The mean amplitudes of the late
positive component (LPC) were measured in
100 ms intervals over 300-1000 ms. As in
previous studies (Wang, et al. 2010; Liu et al.
2004; 2009a), the following specific nine
electrode sites were chosen for statistical
analysis:
F3/Fz/F4,
C3/Cz/C4,
and
TP7/Pz/TP8. The ERP data were analyzed
using three-way repeated measures analysis of
variance (ANOVA). The ANOVA factors were 3
(conditions: private, communicative, and
physical), 3 (laterality: left, midline and right)
and 3 (caudality: frontal, central, and parietal
areas). The р- values of all main and
interaction effects were corrected using the
Greenhouse-Geisser method for repeatedmeasures effects.
ERP brain source analysis
The N2 and LPC difference waves were
obtained
through
subtracting
(private
condition minus the control physical
condition, and communicative condition
minus the control physical condition). Brain
source estimations were performed on the
www.neuroquantology.com
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difference waves, using BESA V5.0 (Brain
Electrical Source Analysis program: Megis
Software). Grand ERP data of 64 channels
were merged with MRI data of a standard
head. Principal component analysis (PCA) was
then used to identify the amount of the
dipoles. The dipoles were freely fitted for
location and orientation while aiming for the
smallest possible residual variance (RV). We
tentatively reconstructed the sources in a fourshell ellipsoidal head model using dipole fits
method. Genetic algorithm and dipole
modeling
were
applied
in
source
analysis.Talairach and Tournoux (1988)
system, and the 3D coordinates of the dipole
were, then determined on the MRI with
respect to the Talairach space.
Results
Behavioral performance
Table 1 shows the accuracies and reaction
times (RTs) for the three conditions.

Table1. The accuracy (%) and reaction times (ms) for the
three conditions (n=16).
Accuracy
Reaction time
Conditions
(M±SD)
(M±SD)
Physical

86.90±28.96

665.37±203.31

Private

83.52±9.76

836.51±158.93

Communicative

91.90±6.26

718.86±111.99

Accuracy
On average, accuracy was 83.52% for the
private condition (SD = 9.76), 91.90% for the
communicative condition (SD = 6.26), and
86.90% for the physical condition (SD =
28.96). A one-way ANOVA revealed that there
was no significant difference between the three
conditions (F(2, 45) = 0.88, p = 0.424). The
absence of behavioral difference confirmed
that there were no significant differences in
task difficulty.

Figure 2. Overall average ERP waveforms under physical (in green), private (in red) and communicative (in blue) conditions,
measured from the 9 electrodes on the scalp.

www.neuroquantology.com
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Reaction times (RTs)
On average, RTs were 837 ms for the private
condition (SD = 159), 719 ms for the
communicative condition (SD = 112), and 665
ms for the physical condition (SD = 203). A
one-way ANOVA revealed a significant
difference between the three conditions, F(2,
45) = 4.65, p = 0.015, suggesting significantly
slower RTs for private intentions compared to
communicative intentions (p = 0.046), or
physical intentions (p = 0.005). No significant
difference was found between communicative
and physical intentions (p = 0.357).
ERPs data
Figure 2 shows the overall average ERP
waveforms from the 16 subjects for the three
types of intentions, The average ERPs revealed
conventional components in response to the
three conditions (private, communicative, and
physical) i.e., N170, N2 and LPC. The analyses
performed for each component are described
below.
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Statistical analysis also showed greater
amplitude in response to private intentions (1.69±0.47 µV) versus physical intention (0.52±0.56 µV), p < 0.001) at the left temporoparietal site (TP7), and at the central parietal
site (C4; p = 0.020). he dipole source analysis
performed on the difference wave between
private and physical intentions during this
time period, showed that the processing of
private intention was associated with activity
in the medial frontal cortex (red location: x =
9.1, y = 1.8, z = 48.8) and occipital cortex (blue
location: x = -1.1, y = -92.9, z = 5.4; RV =
19.60%; see Figure 5(a)). There was no
significant difference between communicative
and physical conditions at the level of the left
temporo-parietal site (p = 0.220), or posterior
parietal site (p = 0.152), or central parietal site
(p = 0.718).

N170 (100-200 ms)
The ANOVA performed on the N170 mean
amplitude values revealed no significant main
effect of the intention type; F(2, 30) = 0.13, p =
0.807, MSE = 18.71. There was no other
significant effect. Because of the absence of
any significant differences, no further brain
source localization analysis was performed for
this time period.
Parietal N2 (200-300 ms)
The ANOVA performed on the N2 mean
amplitude values revealed a significant
interaction between condition, laterality and
caudality, F(8, 120) = 45.76, p = 0.034, MSE =
1.27. At 238 ms post-stimulus onset, N2
reached its maximum amplitude (3.13±0.85
µV) at parietal sites (Pz) for communicative
intentions
versus
private
intentions
(0.66±0.87 µV), p = 0.001. The inverse
solution performed on the difference between
the private condition and the communicative
condition suggested a brain generator in the
middle cingulate cortex (red location: x = 10.3,
y = -24.5, z = 40.5; RV = 19.75%; see Figure
5b). There was no significant main effect of the
intention type, F(2, 30) = 2.34, p = 0.130, MSE
= 19.77.

Figure 5. (a) Two dipoles of a best-fit solution of the
difference wave of N250 (private minus physical); (b) The
single dipole of a best-fit solution of the difference wave of
N250 (communicative minus private) (c) The single dipole of a
best-fit solution of the difference wave (private minus
physical) during 400-600 ms; (d) Two dipoles of a best-fit
solution of the difference wave (communicative minus
private) during 400-600 ms.

Late Positive component (300-1000 ms)
Late Positive Component (LPC) was recorded
at the frontal and central sites (F3/Fz/F4,
C3/Cz/C4), and more posterior sites
(TP7/Pz/TP8). ANOVA analysis showed a
main effect of intention, indicating a
progressive
stepwise-effect
of
ERP
enhancement from physical, to private, to
communicative conditions. Results are shown
in Table 2 and Figures 3a and 4.
www.neuroquantology.com
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Table2. ANOVA of the LPC amplitudes measured at 100 ms intervals during the 300-1000 ms period.
Time window (ms)

300-400
400-500
500-600
600-700
700-800
800-900
900-1000

Condition
Main
Effects
F (2, 30)

Condition*Caudality
Interaction Effects
F (4, 60)

45.76***
33.42***
31.43***
25.27***
18.28***
9.78**
7.04**

20.98***
9.37***
11.00***
9.09***
5.76**
2.60
2.16

M±SE (amplitudes, μV )

Post hoc test

Physical

Private

Communicative

-0.21±0.73
-0.40±0.66
0.05±0.80
0.47±0.68
0.31±0.63
0.23±0.65
0.04±0.69

0.84±0.61
1.80±0.67
3.39±0.64
3.80±0.66
3.88±0.67
3.20±0.66
2.76±0.73

4.20±0.74
4.41±0.69
4.92±0.57
4.83±0.48
3.84±0.57
2.85±0.59
2.03±0.54

1-2, 2-3***, 1-3***
1-2**,2-3***,1-3***
1-2***,2-3**,1-3***
1-2***, 2-3, 1-3***
1-2***, 2-3, 1-3***
1-2**, 2-3, 1-3***
1-2**, 2-3, 1-3**

Note: In the post hoc test, the number 1 denotes PC, 2 denotes PIC, and 3 denotes CIC. (*** P<0.001, ** P<0.01, * P<0.05)

physical condition at the posterior sites
(TP7/Pz/TP8). We computed the LPC
difference waves using the grand-average
waves elicited under the private condition
subtracting those elicited under the physical
condition, which was associated with simple
action intention understanding. The difference
wave between private and physical intention is
shown in the Figure 4. The dipole source
analysis of this difference wave showed a
generator located in the vicinity of anterior
cingulated cortex (red location: x = -5.1, y =
29.6, z = -6.3; RV = 18.75%; Figure 5c).

Figure 3. (a) The mean amplitudes of LPC elicited under three
conditions during 400-600ms periods. (b) Topographic voltage
maps of scalp electrical activity of the LPC from 400-600ms.
** indicates p<0.01, *** indicates p<0.001.

Post-hoc analysis revealed significant
amplitude differences between conditions
during the 400-to-600ms time window
showed that LPC amplitude was of greater
amplitude for communicative intentions than
private intentions at the frontal and central
sites (F3/Fz/F4, C3/Cz/C4) and at more
posterior sites (TP7/Pz/TP8). The dipole
source analysis showed a generator located in
the vicinity of posterior cingulate cortex (red
location: x = -6.1, y = -66.2, z = 14.2; see
Figure 5(d)). No significant difference was
observed between communicative and private
conditions from 600 to 1000 ms.
During this 400-600 ms time window,
LPC amplitude was also of greater amplitude
for the private intentions versus the physical
intentions at the frontal and central sites
(F3/Fz/F4,
C3/Cz/C4),
although
no
significance was found between private and

Figure 4. The difference waves and its topographic voltage
maps of scalp electrical activity from 400-600ms.

Discussion
The aim of the present study was to better
understand the temporal brain dynamics of
the
understanding
of
communicative
intentions compared to private intentions
within an interpersonal context, by means of
comic strips. First of all, our behavioral results
suggest that participants take longer to
understand intentional causality that involves
individuals compared to objects, which
reinforce previous studies, such as Walter et
www.neuroquantology.com
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al.’s. These results are also in line with
developmental studies showing a gradient of
difficulty from physical to communicative to
private intentions (Leslie, 1982; Spelke et al.,
1992; Wellman et al., 2001; Wang and Zhang,
2002). Then, our behavioral results show that
participants take more time to decode two
persons’ minds without communication (i.e.,
private intentions) than two integrated minds
(i.e., communicative intentions). These results
are also consistent with previous studies on
communicative
intention
understanding
(Walter et al., 2004).
Our electrophysiological results extend
these behavioral results by unraveling the
spatio-temporal time course of private
intention vs. communicative and physical
intentions. The N2 data provided evidence of
an early (~238ms) processing of social scene
intent. Indeed, the brain response was of
greater
amplitude
in
response
to
communicative stimuli compared to private
stimuli between 200–300 ms, a time period
that was interpreted as the stage of intention
understanding in previous studies (Ortigue et
al., 2010). This finding agrees with many
studies in the literature supporting an early
coding of intention understanding. For
instance, the present N2 findings are, to some
extent, consistent with Proverbio et al.’s
results, which compared ERP waveforms for
highly ecological pictures representing human
cooperative versus affective actions, and
showed that a centro-parietal response
(N160–280) was the first component that
displayed a larger potential to cooperative
actions compared to affective actions
(Proverbio et al., 2011). The present results
thus reinforce the assumption that individuals
can detect the intentional causality at an early
post-stimulus stage. This reinforces also the
assumption suggesting a potential reactivation, at a pre-conscious level, of a brain
network storing templates of previously
encoded actions and intentions (Ortigue et al.,
2009, 2010). This is in line with a growing
body of visual-evoked potential studies (VEPs)
studies on intention understanding. For
instance, Van der Cruyssen et al. showed that
goals can be inferred rapidly and automatically
i.e., at the level of 225-300 ms after stimulus
onset (Van der Cruyssen et al. 2009). Sabbagh
et al. (2004a) also showed that decoding
mental states from the picture of eyes was
associated with an early N270-400 over the
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right inferior and anterior temporal brain
regions.
Interestingly, in our study, the inverse
solution performed on the difference between
private and communicative stimuli identified a
strong focus of activation in the cingulate
cortex (which is known to provide the affective
connotation to visual coding). It is known that
the cingulate cortex is involved in emotion
processing in the subjective evaluation of
events, and for understanding intentions in
social interactions (Walter et al., 2004), thus
supporting our finding of a greater activation
of the cingulate in response to communicative
vs. private actions. It is also interesting to note
that a fMRI study (Walter et al., 2004)
performed with similar stimuli, but on
different subjects, provided similar evidence of
a neural activation in the cingulate region for
predicting intentional social interaction. Going
further with the time course of information
processing within the 250–350 ms time
window, a late positive component had greater
amplitude for communicative intentions than
private intentions at the frontal and central
sites and posterior sites. The dipole source
analysis showed a generator located in the
vicinity of posterior cingulate cortex. This
result is compatible with the evidence from
previous neuroimaging studies of theory of
mind demonstrating a role of the cingulate
cortex (Wang et al., 2008; Gallagher et al.,
2000). For instance, Wang et. al (2008) found
a single-dipole generator at the middle
cingulate cortex during a ToM reasoning task
on false beliefs. Addressing the issue of
whether taking a self-perspective or modeling
others’ mind recruits similar neural networks,
Vogeley et al. (2001) found that ToM
reasoning specifically increased neural activity
in the anterior cingulate cortex and left
temporo-polar cortex. Similarly, Decety et al.
(2004) showed recruitment of the medial
prefrontal and para-cingulate cortex when one
had to monitor others’ minds in order to
perform a cognitive task i.e., competitive
games. McCabe et al. (2001) also found
activation in the anterior paracingulate cortex
in association with cooperation, i.e., a task that
requires the ability to infer each other’s mental
states. Using positron emission tomography
(PET), Gallagher et al. (2002) investigated the
intentional stance in a competitive game of
‘stone, paper, scissors’. The main comparison
of the mentalizing condition vs. rule solving
www.neuroquantology.com

NeuroQuantology | December 2012 | Volume 10 | Issue 4 | Page 733-743
Wang Y et al., Brain dynamics of understanding intentions

showed only one region of significant
activation
–
the
bilateral
anterior
paracingulate cortex (PCC). Together these
findings reveal that the cingulate cortex play
an important role in social intention
understanding
and
ToM
processing.
Interestingly, this brain region also showed
specific activation when a represented
intention implied social interaction that had
not yet actually occurred, suggesting that the
anterior PCC is also involved in one’s ability to
predict future intentional social interaction,
based on an isolated agent's behavior.
Limitations and future perspective
It should be noted that the present study
contains a number of limitations. First of all,
the communicative condition may differ from
the private condition in terms of its emotional
content, or simply the arousal that it elicits
(Krämer et al. 2010; Anokhin et al. 2006). For
example, the stimuli in the communicative
condition appear more humorously than those
of the private condition. Second of all, the
gender difference (Proverbio et al., 2010) in
processing the intention cannot be considered
adequately here due to the gender proportion
of participants. Further studies need to be
done to address these questions to better
understand the modulation of communicative
vs. private intention, as a function of gender
differences and arousal or emotional content.
Then, the slight differences one might notice
between the present study and previous
neuroimaging studies on communicative
intentions might be due to different
methodology, such as a variation of the
participants’ instruction across the different
experiments. For instance, in previous
experiments, Brunet et al. (2000) and Walter
et al. (2004) instructed their participants to
look at the comic strips, and to choose the
logic ending of the story without telling them
to use any attribution of intention and physical
reasoning response strategies. Finally, the
ecological validity of the stimuli is low in the
present study. Although comic strips have
been proven to be efficient stimuli to
investigate mentalizing ability regarding the
understanding of intentions performed by
other people stimuli like photos approximating
real-life situation might provide another
dimension that might be worth investigate in
further studies.
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Conclusion
Using high-density EEG, the present study
helps to better understand the spatio-temporal
dynamics
of
the
understanding
of
communicative intentions versus other types
of intentions (e.g., private). Notably, our
results show that decoding communicative
intentions occurs in the early stage of
information processing and characterized by
an activation in the cingulate cortex. The
specific recruitment of this brain area, that is
known to be a crucial node of the SN network,
emphasizes the automatic re-activation of
social templates (rather than basic principles
of action observation) during the decoding of
social intentions. These findings may be useful
to better understand the interacting mind in
social settings.
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