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Abstract In our everyday social interactions we often need to
deal with others’ unpredictable behaviors. Integrating unex-
pected information in a consistent representation of another
agent is a cognitively demanding process. Several neuroimag-
ing studies point to the medial prefrontal cortex (mPFC) as a
critical structure in mediating social evaluations. Our aim here
was to shed light on the possible causal role of the mPFC in
the dynamic process of forming and updating social impres-
sions about others. We addressed this issue by suppressing
activity in the mPFC by means of 1 Hz offline transcranial
magnetic stimulation (TMS) prior to a task requiring partici-
pants to evaluate other agents’ trustworthiness after reading
about their social behavior. In two different experiments, we
found that inhibiting activity in the mPFC increased perceived
trustworthiness when inconsistent information about one
agent’s behavior was provided. In turn, when only negative
or positive behaviors of a person were described, TMS over
the mPFC did not affect judgments. Our results indicate that
the mPFC is causally involved in mediating social impres-
sions updating—at least in cases in which judgment is uncer-
tain due to conflicting information to be processed.
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When interacting in social contexts, individuals continuously
generate impressions about other agents and expectations
about their possible behavior, often on the basis of very lim-
ited amount of information (Todorov&Uleman, 2003).When
expectations about others are violated, the social impressions
of them need to be updated (e.g., Hamilton, Driscoll, &Worth,
1989; Hastie & Kumar, 1979; Reeder & Coovert, 1986). In
these situations, individuals usually take longer to integrate
information about others that contradicts rather than matches
their initial impressions (Reeder & Coovert, 1986). Indeed,
integrating new inconsistent information in preexisting sche-
mata is cognitively demanding, likely tapping on executive
functions (Macrae, Bodenhausen, Schloerscheidt, & Milne,
1999; Payne, 2005).

Neuroimaging and brain stimulation evidence suggests that
forming social impressions about others and/or judging their
trustworthiness involves the medial prefrontal cortex (mPFC)
(Cattaneo, Mattavelli, Platania, & Papagno, 2011; Cloutier,
Gabrieli, O’Young, & Ambady, 2011; Ferrari et al., 2016;
Ma et al., 2012; Mattavelli, Cattaneo, & Papagno, 2011;
Mende-Siedlecki, Baron, & Todorov, 2013; Mende-Siedlecki,
Cai, & Todorov 2012; Schiller, Freeman,Mitchell, Uleman, &
Phelps, 2009). Interestingly, this region is also involved in
processing socially relevant emotions (such as arrogance or
guilt) beyond basic emotions (Jankowski & Takahashi, 2014;
see also D’Agata et al., 2011). Accordingly, alterations in the
functioning or structural abnormalities of themedial prefrontal
cortices have been associated with abnormal biases in social
evaluation that characterize psychiatric disorders, such as
schizophrenia (Brüne, 2005; Pia & Tamietto, 2006;Yamada
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et al., 2007) or depression (Foland-Ross et al., 2014; Holmes
et al., 2012; Thoma, Norra, Juckel, Suchan, & Bellebaum,
2015). Moreover, the mPFC seems to be particularly sensitive
to violations of expectations in updating social impressions:
For instance, when presented with consistent (either morally
good or morally bad) or inconsistent behaviors of an agent,
dorsal sectors of the mPFC (dmPFC) preferentially activate
when evaluating behaviors that contradict the initially formed
impression about the agent (Ma et al., 2012; Mende-Siedlecki
et al., 2012).

In this study we used TMS to shed light on the role of the
dmPFC in evaluating other agents’ trustworthiness when pre-
sented with either consistent or inconsistent information about
their social behavior. Since forming and updating impressions
about other agents is a sequential process that requires inte-
grating different pieces of information over time, we used an
offline TMS paradigm in which activity in the dmPFC was
suppressed before asking participants to evaluate a person’s
trustworthiness on the basis of reading verbal descriptions of
the person’s behavior. Interfering with dmPFC activity via
TMS should affect the formation and updating of social im-
pressions, especially when conflicting information about
one’s behavior needs to be integrated (Ma et al., 2012;
Mende-Siedlecki et al., 2012).

Experiment 1

Method

Participants

Twenty right-handed (Oldfield, 1971) Italian students (10
males, mean age = 24.1 years, SD = 2.0) participated in the
experiment. Prior to the TMS experiment, each participant
filled in a questionnaire (Rossi, Hallett, Rossini, & Pascual-
Leone, 2011) to evaluate compatibility with TMS. None of the
participants reported neurological problems or history of sei-
zures. None was taking medications that could interfere with
neuronal excitability. Written informed consent was obtained
from all participants before the experiment. The protocol was
approved by the local ethical committee, and participants were
treated in accordance with the Declaration of Helsinki.

Stimuli and procedure

Participants were seated comfortably at a distance of 57 cm
from a 17-in. (1,024 × 768) TFT-LCD computer monitor and
wore earplugs to minimize TMS click sound interference.
Experimental stimuli consisted of male faces (each measuring
7 × 7 of visual angle) and written sentences (white ink, 12-
point Courier New font). We selected the face stimuli from a
larger database (http://tlab.princeton.edu/databases/trust

worthinessfaces2, see Oosterhof & Todorov, 2008) that
included seven computer-generated variations along the trust-
worthiness dimension (i.e., falling 1, 2, 3 standard deviations
below or above the original neutral version of each face) for 25
different Caucasian male identities. From this set, we chose 15
different-identity faces with average trustworthiness (i.e., neu-
tral faces, coded as trustworthiness level “0” in the original
database). Hence, faces were all similar (i.e., all neutral) along
the trustworthiness trait. Sentences were adapted from Mende-
Siedlecki et al. (2012). Each sentence described the behavior of
a male individual in a particular situation. Half of the sentences
described a good/socially valuable behavior (e.g., He gave out
toys to the Children’s Hospital at Christmas) and half described
a bad/socially questionable behavior (e.g., He told a colleague
in public that she should lose weight). Sentences referred to
“ordinary” positive or negative behaviors, with no reference
to extremely bad acts (such as murders) or to heroic gestures.
A total of 45 sentences describing positive behaviors and 45
sentences describing negative behaviors were created.

Figure 1 shows the timeline of an experimental trial. Each
trial started with a fixation cross appearing in the middle of the
screen for 500 ms. A face was then presented in the middle of
the screen together with two sentences appearing below it
describing two behaviors that were either both positive or
negative. Participants were instructed to (silently) read the
sentences and form an impression of the person depicted in
the picture, and press the space-bar key (with the left hand)
when ready. A third sentence was then presented, with the
same face still visible in the middle of the screen, that de-
scribed a behavior that could be either of the same valence
of the previous two (congruent condition) or of opposite va-
lence (incongruent condition). Participants were instructed to
update the impression they had just formed, integrating the
additional information, and to press the space-bar key (with
the left hand) when they were ready. After this, participants
rated the person on a Likert scale, ranging from 1 (not trust-
worthy at all) to 9 (very trustworthy) by pressing (with the
right hand) the corresponding number on the keyboard. The
next trial followed their response.

Each TMS block (see below) consisted of 60 trials (half
starting with positive and half with negative behaviors de-
scribed). The behaviors were of the same valence in the first
two sentences of both congruent and incongruent trials. The
order of trials was randomized within each experimental block
and for each participant. Participants performed the task at
self-pace but were encouraged to be fast. Participants per-
formed four practice trials before receiving TMS (see below)
to familiarize with the task. Moreover, all sentences were pre-
sented once in a random order before TMS was given to en-
sure that participants had knowledge of the type of actions
described and of their “morality” range, and could adjust their
rating criterion accordingly before the experiment (Palmer,
Schloss, & Sammartino, 2013). The experimental task took
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approximately 7 minutes and was performed immediately af-
ter the end of the TMS stimulation (see below).

Transcranial magnetic stimulation (TMS)

Offline neuronavigated 1 Hz TMS was administered over the
dmPFC via a Magstim Rapid2 stimulator (Magstim Co Ltd,
Whitland, UK) connected to a 70-mm butterfly coil at a fixed
intensity of 50% of the maximum stimulator output for 15
minutes. Similar stimulation parameters (i.e., fixed intensity
of stimulation, 15 minutes of stimulation) have been used
before to suppress activity of prefrontal regions prior to task
requiring social judgments (e.g., reciprocal fairness, moral
judgments), with the effects of stimulation continuing after
the end of the actual stimulation (e.g., Baumgartner,
Knoch, Hotz, Eisenegger, & Fehr, 2011; Eisenegger,
Treyer, Fehr, & Knoch, 2008; Knoch et al., 2006; Knoch,

Pascual-Leone, Meyer, Treyer, & Fehr, 2006; Tassy et al.,
2012). Talairach coordinates (Talairach & Tournoux, 1988)
for the dmPFC were x = 1.5, y = 31.5, and z = 35.5; these
coordinates were taken from previous neuroimaging work
demonstrating an activation of this region during social im-
pression updating (Mende-Siedlecki et al., 2012).

The target location corresponding to the dmPFC was iden-
tified on each subject’s scalp using the SofTaxic navigator
system (E.M.S., Bologna, Italy). The procedure involves the
computation of an estimated volume of head MRIs in partic-
ipants for whom individual MRIs are unavailable (i.e., all
participants of our study). The estimated MRIs, referred to
the Talairach space, are calculated by means of a warping
procedure, operating on a template MRI volume on the basis
of a set of around 60 points digitized from the participant’s
scalp by means of a Polaris Vicra Optical Tracking System
(Northern Digital, Inc., Waterloo, ON, Canada). The digitized

Fig. 1 The timeline of an experimental trial. Participants read about
either two positive or two negative social behaviors of an agent whose
face was also simultaneously presented. Then, a third behavior was
presented that could be either consistent (in valence) or inconsistent
with the first two. After reading about the third behavior, participants

were asked to evaluate the trustworthiness of the person (i.e., output of
the impression formation and updating process) on a 1 to 9 Likert scale.
Offline 1 Hz TMS was delivered for 15 minutes before the beginning of
of the task to suppress activity in the dmPFC

628 Cogn Affect Behav Neurosci (2016) 16:626–634



points are used to compute a subsequent set of reference
points that are analogous to a set of points prelocalized on
the scalp of the template. The warping procedure is performed
using these two corresponding sets of reference points. This
procedure has been proven to ensure a global localization
accuracy of roughly 5 mm (Carducci & Brusco, 2012), and
it has been successfully used in many previous TMS studies
(Capotosto, Babiloni, Romani, & Corbetta, 2009; Jacquet &
Avenanti, 2015; Renzi et al., 2013; Urgesi, Berlucchi, &
Aglioti, 2004). The coil was placed tangentially to the scalp
with the handle pointing backward and held parallel to the
midsagittal line. Participants underwent both a real TMS and
a sham TMS session. In the sham condition, the same stimu-
lation parameters were used but the coil position was tilted 90°
(e.g., Zanto, Rubens, Thangavel, & Gazzaley, 2011). Sham
and real stimulation were performed in two separated sessions
on different days (intermixed by a minimum of 2 days and a
maximum of 3 days). The order of the TMS condition (sham
vs. real) was counterbalanced across participants.

Results

The dependent variables were mean trustworthiness (1–9
Likert scale) scores and mean response times (RT; ms).
Trials in which individual RT (as recorded from onset of the
response slide) were more than 3 standard deviations from the
participant’s mean performance in each block were removed
from the analysis (a total of 1.6% trials were excluded).

For each dependent variable, we carried out a repeated-
measures ANOVA with TMS (sham vs. real), valence of the
first impression (positive vs. negative, as conveyed by the first
two sentences), and congruence (i.e., whether the final infor-
mation conveyed by the third sentence was in line with the
previous two) as within-subjects factors, and participants’

gender and order of TMS sessions (real first vs. sham first)
as between-subjects factors. The ANOVA on trustworthiness
scores (see Fig. 2) revealed no significant main effect of either
TMS, F(1, 16) = 1.92, p = .18, participants’ gender, F(1, 16) <
1, p =. 48, or session order, F(1, 16) < 1, p = .47. The main
effects of valence of the first impression, F(1, 16) =
175.14, p < .001, ηp

2 = .92, and of congruence, F(1, 16) =
19.31, p < .001, ηp

2 = .55, were significant, as well as their
interaction, F(1, 16) = 422.16, p < .001, ηp

2 = .96. The inter-
action TMS by congruence was also significant, F(1, 16) =
11.65, p = .004, ηp

2 = .42. No other interactions reached
significance (ps > .09). The main effects of valence and con-
gruence were analyzed in light of their significant interaction.
In congruent trials, negative statements (as expected) lowered
perceived trustworthiness of the face compared to positive
statements, t(19) = 21.36, p < .001 (Bonferroni-Holm correc-
tion applied). In incongruent trials, order of presentation of
positive and negative information did not impact on face trust-
worthiness rating: Face trustworthiness scores were similar
when negative information was followed by positive one
and when positive information was presented first, t(19) < 1,
p = .73. The interaction TMS by congruence was further an-
alyzed via post hoc comparisons that showed that TMS affect-
ed face trustworthiness evaluation in incongruent trials, t(19)
= 2.97, p = .032 (Bonferroni-Holm correction applied), but not
in congruent trials, t(19) < 1, p = .61. As shown in Fig. 2,
when incongruent information was provided, participants rat-
ed faces as more trustworthy following real rather than sham
TMS.

Moreover, to ensure that TMS effects (that are known to
fade over time) covered the entire task, we split participants’
responses in two halves, and we repeated the same analysis
taking into account whether the TMS effects we reported were
different when considering the first 30 trials versus the latest 30

Fig. 2 Mean participants’ trustworthiness rating scores as a function of
TMS (sham vs. real) and congruence of the behaviors described
(congruent = both positive or negative vs. incongruent). Error bars
represent ±1 SEM. The asterisk indicates a significant difference

between sham and real TMS: suppression of the dmPFC by real TMS
resulted into significantly more positive evaluations compared to sham
TMS when conflicting information was provided (incongruent trials)
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trials. The analysis revealed that the timing of the response (first
half vs. latest half of the test block) was not significant, F(1, 16)
= 2.85, p = .11, neither it interacted with any other variable
(ps > .09), confirming that the suppressive effect of the stimu-
lation persisted for the entire task duration (cf. Thut & Pascual-
Leone, 2010).

The ANOVA on mean RT revealed no significant main
effect of TMS, F(1, 16) < 1, p= .88, and no significant main
effect of valence, F(1, 16) < 1, p = .42. The main effect of
congruence was significant, F(1, 16) = 15.75, p = .001, ηp

2 =
.50, indicating that participants took longer to judge faces
associated with inconsistent information (mean RT = 405
ms) than those associated with consistent information (mean
RT= 366 ms). The between-subjects variables gender,
F(1, 16) = 2.59, p = .13, and session order, F(1, 16) < 1,
p = .43, were not significant. None of the interactions were
significant (all ps > .08). The RT we analyzed were record-
ed from the onset of the response slide in which only the
Likert scale was presented; however, for the way the exper-
iment was designed (self-paced reading of information), it is
likely that participants came up with their judgment and
prepared to respond before moving to the response slide.
Even when considering cumulative trial time, TMS effects
were not significant (main effect of TMS: p = .66, cumulative
trial time following real TMS: 6,088 ms, following sham
TMS: 6,016 ms; interaction TMS by congruence, p = .84).

Experiment 2

The results of Experiment 1 suggest that TMS on the dmPFC
affected the integration of inconsistent information, increasing
the perceived trustworthiness of the agent. Experiment 2 was
carried out to ensure that the effects of dmPFC TMS on social
impression updating could be replicated in another group of
participants, and also when modulating response uncertainty

by varying the amount of consistent and inconsistent informa-
tion provided.

Method

Participants

Fourteen Italian students (three males, mean age= 24.0 years,
SD = 1.6) participated in the experiment. None of them had
participated in Experiment 1. Inclusion criteria were the same
as for Experiment 1.

Stimuli, procedure, and TMS

Stimuli and procedure were similar to those used in Experiment
1, but participants were only presented with descriptions of in-
consistent behaviors. Moreover, we varied the amount of the
information provided, including a condition in which only two
behaviors rather than threewere described. Each block contained
60 trials, 15 for each condition (i.e., 2 positive + 1 negative; 2
negative + 1 positive; 1 positive + 1 negative; 1 negative + 1
positive). To familiarize with stimuli and the procedure, partici-
pants read all the sentences in random order before TMS was
given and performed four practice trials. The task took approx-
imately 7 minutes and started immediately after the end of the
stimulation. TMS parameters were identical to Experiment 1.

Results

The dependent variables were computed as in Experiment 1.
A total of 1.29% trials were excluded due to RT (as recorded
from onset of the response slide) falling more than 3 SD from
the participant’s mean RT in each block.

Mean trustworthiness scores are reported in Fig. 3. A
repeated measure-ANOVA with TMS (sham vs. real), task

Fig. 3 Mean participants’ trustworthiness rating scores after reading
description of one agent’s inconsistent behaviors in Experiment 2. Error
bars represent ±1 SEM. The asterisk indicates a significant difference

between sham and real TMS: Participants rated social agents as more
trustworthy following real compared to sham TMS over the dmPFC,
replicating the findings of Experiment 1
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condition (first impression based on one vs. two consistent
behaviors, to be updated with a following inconsistent behav-
ior), valence of the first impression (positive vs. negative) as
within-subjects variables, and order of TMS sessions as
between-subjects variable, was carried out for each de-
pendent variable (participants’ gender was not further
considered in light of lack of gender differences report-
ed in the previous experiment). The main effect of TMS
was significant, F(1, 12) = 7.16, p = .020, ηp

2 = .37,
indicating that participants perceived faces as more trustwor-
thy following real rather than sham TMS (see Fig. 3). The
main effect of task condition, F(1, 12) < 1, p = .81, and the
main effect of valence, F(1, 12) = 1.15, p = .24, were not
significant. The interaction task condition by valence was sig-
nificant, F(1, 12) = 12.08, p = .005, ηp

2 = .52, due to evalua-
tions being more polarized (either toward the positive or the
negative side) when the first impression was based on two
consistent behaviors compared to trials in which a single pos-
itive or negative behavior (first impression) had to be up-
dated with an opposite-valenced one. The main effect of
session order was not significant, F(1, 12) < 1, p = .92.
No other interactions reached significance (ps > .24).

As in case of Experiment 1, we also repeated the same
analysis splitting the trials in the first half versus latest half,
to investigate whether the effects of TMS faded away over
time or persisted till the end of the test phase. The analysis
revealed that the timing of the response (first half vs. latest half
of the test block) was not significant, F(1, 12) < 1, p = .61,
neither it interacted with any other variable (ps > .17),
confirming that the suppressive effect of the stimulation
persisted for the entire task duration.

The ANOVA on mean RT (from onset of the response
slide) revealed no significant main effects of task condition
(p= .17), valence (p = .99), TMS (p = .69, mean RT following
sham TMS = 448 ms; following real TMS = 429 ms), and
session order (p = .69). None of the interactions reached sig-
nificance (ps > .10). The cumulative trial time (from onset of
the first slide) following real TMS was 5,587 ms and follow-
ing shamTMSwas 5,658ms (TMS did not significantly affect
cumulative trial RT, p = .77).

Discussion

Our findings suggest a causal role of the dorsomedial prefrontal
cortex (dmPFC) in the dynamic process of updating social im-
pressions about others, adding to prior neuroimaging evidence
showing an involvement of this region in social impression for-
mation and updating (Bhanji & Beer, 2013; Cloutier et al., 2011;
Ma et al., 2012; Mende-Siedlecki et al., 2012, 2013; Schiller
et al., 2009). In particular, in two experiments we presented
participants with descriptions of other agents’ behaviors
that could be either positively or negatively valenced. We

found that inhibiting activity in the dmPFC via TMS com-
pared to control sham stimulation resulted in more positive
evaluations of other individuals when inconsistent informa-
tion was provided. No effect of TMS was found when infor-
mation about the individual’s behavior was entirely consistent
(only positive or only negative behaviors; see Experiment 1).

Evaluations were similar whether the first impression was
based on one or two behaviors (Experiment 2), indicating that
the “updating” worked similarly, regardless of the strength of
the initial impression. Overall, the final evaluations on incon-
sistent trials converged around the midpoint of the scale in
both experiments. Together with longer response times for
these trials (Experiment 1), this suggests that participants were
more uncertain about their trustworthiness decisions when
dealing with incongruent information and preferred to give
“neutral” judgments. In turn, when the provided descriptions
were only negative or only positive, participants’ responses
were quite polarized. In this case, TMS had no effect in line
with prior evidence showing that TMS is more effective in
modulating responses in uncertain conditions (Robertson,
Theoret, & Pascual-Leone, 2003). Moreover, a prior fMRI
study adopting a task similar to the one employed here found
enhanced activity in the dmPFC only when inconsistent infor-
mation had to be integrated (Mende-Siedlecki et al., 2012),
suggesting that the dmPFC may be more critical in updating
social impressions when conflicting information has to be
processed. Also, in that work the dmPFC preferentially
responded to inconsistent information regardless the “direc-
tion” of the impression updating (from positive to negative or
vice versa; Mende-Siedlecki et al., 2012). This is also consis-
tent with our finding that TMS similarly affected evaluation
when inconsistent behaviors were described, regardless
whether the first impression formed was positive or negative.

When response uncertainty was higher (inconsistent trials),
suppressing activation in the dmPFC biased evaluation toward
a more positive output. Although TMS in our study did not
selectively affect the “weight” of positive or negative behav-
iors in determining the final evaluation, the positive bias in-
duced by stimulation seems to be in line with prior findings
showing that 20 minutes of 1 Hz suppressive TMS over the
medial PFC resulted into a bias toward positive emotional
stimuli (Schutter & Van Honk, 2006). Also, it has been sug-
gested that the mPFC may be particularly sensitive to viola-
tions ofmorality and social rules (e.g., Fiddick, Spampinato, &
Grafman, 2005; Takahashi et al., 2008). Moreover, it is worth
mentioning that psychiatric disorders such as schizophrenia, in
which mPFC dysfunctions have been observed (Yamada et al.,
2007), are often associated with abnormal social evaluations.
In particular, schizophrenic patients have been reported to trust
unfamiliar faces more than healthy controls (e.g., Baas, Van’t
Wout, Aleman, & Kahn, 2008; McIntosh & Park, 2014), but
also to show abnormal anchoring to prior information, espe-
cially when negative-valenced (e.g., Hooker et al., 2011).
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In a previous work (Ferrari et al., 2016), we found that
online TMS over the dmPFC delayed fast dichotomous (yes/
no) responses when participants had to decide whether a face–
adjective pair (for instance, a face accompanied by the adjec-
tive “selfish”) matched the impression they had formed about
that agent by reading a description of his behavior. In that
work, it was the target stimulus to be “congruent” or “incon-
gruent” with the impression formed, and response accuracy
could be measured because the trait–adjective was clearly ei-
ther in line or in contrast with the behavior described (hence,
not surprisingly, accuracy was very high, above 90%). In that
study, TMSmainly affected RT, as it is typically the case when
accuracies are near ceiling and fast responses are required
(Devlin &Watkins, 2008). Moreover, participants in the base-
line control condition were faster in responding when the
face–adjective pair matched the impression formed, showing
that some priming mechanisms were at play. TMS selectively
delayed decisions in primed (congruent) trials, according to
state-dependent views on the effects of brain stimulation
(Cattaneo, Rota, Vecchi, & Silvanto, 2008; Silvanto &
Cattaneo, 2014). In the study presented here, the target stim-
ulus was a neutral face, which cannot therefore be defined as
congruent or incongruent with the agent’s behavior (there
were no “correct” responses). In turn, what we measured
was whether face trustworthiness decisions (on a 1–9 Likert
scale) could be biased by previous knowledge about the
agent’s behavior. We found that TMS over the dmPFC signif-
icantly affected evaluation of face trustworthiness, in particu-
lar, when the available information about the agent behavior
was inconsistent, including both negative and positive actions.
In these instances, participants were more uncertain about
their final judgment and their responses were thus more per-
meable to the effects of stimulation (when all the behaviors
described were either positive or negative, responses were
more “polarized” and hence less vulnerable to TMS interfer-
ence; see Robertson et al., 2003). In light of the measurement
Likert scale we employed, it is also not surprisingly that RT
were not a sensitive measure in our task, since participants had
to express their judgment by pressing one out of nine keys,
and they probably came up with a final evaluation upon read-
ing (at self-pace, without time pressure) the latest description
of the agent’s behavior, before moving to the response slide.

Finally, it is important to consider that TMS can modulate
activity not only in the neurons under the coil but also in
interconnected regions (e.g., Avenanti, Annella, Candidi,
Urgesi, & Aglioti, 2013; Siebner, Hartwigsen, Kassuba, &
Rothwell, 2009). The amygdala may be particular important
here, in light of converging patients and fMRI data suggesting
that it is involved in face trustworthiness evaluation (e.g.,
Adolphs, Tranel, & Damasio, 1998; Baron, Gobbini, Engell,
& Todorov, 2011; Todorov & Olson, 2008). Indeed, social
impressions are likely to be based on a first perceptual stage
in which facial features are analyzed and on a further

processing stage in which face appearance is integrated with
information stored in memory about that agent’s behavior
(Rudoy & Paller, 2009). While the amygdala and/or other
cortical and subcortical structures could be more relevant in
the analysis of face appearance (Tamietto et al., 2005), the
dmPFC is likely to intervene at a later stage, combining face
appearance with available information about the agent’s be-
havior (Baron et al., 2011; see also Costa et al., 2013).
Accordingly, it has been suggested that the dmPFC works as
a convergence area for face and behavioral information,
interacting with the amygdala’s signals (Baron et al., 2011;
Kim et al., 2004). In light of this, we cannot exclude that
TMS had indirectly affected the amygdala as well as other
cortical or subcortical regions, such as the anterior cingulate
cortex (important in conflict monitoring; see Botvinick,
Braver, Barch, Carter, & Cohen, 2001), and the orbitofrontal
cortex (important in processing of positive/rewarding stimuli,
e.g., Blair et al., 2013; O’Doherty, Kringelbach, Rolls,
Hornak, & Andrews, 2001; Rolls, 2000).

In sum, our study demonstrates that the dmPFC is causally
involved in the dynamic process of updating social impres-
sions: when its activity is suppressed, participants tend to be
more positive in judging other individuals. Our findings may
shed light on the possible role of the dmPFC in mediating
abnormal social evaluation in certain psychiatric disorders
(such as schizophrenia), thus providing evidence potentially
important for the design of clinical treatments employing brain
stimulation (see Freitas, Fregni, & Pascual-Leone, 2009).
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