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Trust at first sight: evidence from ERPs
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We used event-related potentials (ERPs) to tap the temporal dynamics of first impressions based on face appearance. Participants were asked to
evaluate briefly presented faces for trustworthiness and political choice. Behaviorally, participants were better at discriminating faces that were
pre-rated as untrustworthy. The ERP results showed that the P100 component was enhanced for untrustworthy faces, consistently with the view that
signals of potential threat are given precedence in neural processing. The enhanced ERP responses to untrustworthy faces persisted throughout the
pr ing seq e and the amplitude of early posterior negativity (EPN), and subsequent late positive potential (LPP) was increased with respect to
trustworthy faces which, in contrast, elicited an enhanced positivity around 150 ms on frontal sites. These ERP patterns were found specifically for the
trustworthiness evaluation and not for the political decision task. Political decision yielded an increase in the N170 amplitude, reflecting a more
demanding and taxing structural encoding. Similar ERP responses, as previously reported in the literature for facial expressions processing, were found
throughout the entire time course specifically elicited by faces explicitly judged as untrustworthy. One possibility might be that evolution has provided

the brain with a ‘special toolkit’ for trust evaluation that is fast and triggers ERPs related to emotional processing.
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INTRODUCTION

Should I trust this person? This question jumps out automatically
every time we encounter a stranger, especially when we have to rely
on our first automatic impression. These impressions might be con-
sidered as a spontaneous, bottom—up valence evaluation of faces based
on the extraction of particular facial cues.

A growing body of research indicates that people make reliable de-
cisions about whether to trust and cooperate with someone only on the
basis of facial appearance (Zebrowitz and Montepare, 2005; 2008;
Oosterhof and Todorov, 2008). Therefore, trustworthiness appears to
be an essential social tool that can provide information about whether
to approach or avoid another individual.

Interestingly, several studies have shown that only minimal infor-
mation is needed to form impressions from just seeing faces (Todorov
and Uleman, 2004), or to make trait judgments such as trustworthi-
ness, competence and aggressiveness (Willis and Todorov, 2006). This
social evaluation process may occur unintentionally and very rapidly,
since a very short exposure to faces might be sufficient (Bar et al., 2006;
Willis and Todorov, 2006).

Even for decisions mainly based on objective and critical evaluation,
we may be influenced by facial appearance. Surprisingly, an example of
inferences that people make based often only on facial appearance is
represented by the choice of leader in political voting. Voting is a
domain in which individuals should make decisions by integrating
multiple sources of information. In this type of social inference,
top—down evaluation is probably triggered by cognitive strategies, ex-
pectations and political knowledge. However, these judgments may
often be influenced by a rapid evaluation that occurs without con-
scious processing (Spezio et al., 2008). A number of recent studies
have shown that rapid judgments about the personality traits of pol-
itical candidates, based only on their facial appearance, predict elect-
oral success well above chance (Todorov et al, 2005; Ballew and
Todorov, 2007).

It is not yet clear why people make appearance-based trait infer-
ences, given that these inferences often do not result in accurate social
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judgments (Olivola and Todorov, 2010a,b). One possibility might be
that such inferences are based on cues that have an important adaptive
role (Zebrowitz and Montepare, 2005, 2008; Todorov et al, 2008a,b;
Said et al., 2011). As a matter of fact, the most basic decision that an
organism must reach is to determine whether another organism is a
friend or foe, prey or predator. Therefore, one possible interpretation
is that evolution has provided the human primate with a ‘special tool-
kit for trust evaluation that is both fast and automatic.

An important contribution to this issue comes from computer mod-
eling work, suggesting that inferences of trustworthiness derive from
the similarity of emotionally neutral faces to expressions of happiness
and anger (Oosterhof and Todorov, 2008; Said et al., 2009; Engell et al.,
2010). A face that resembles a happy face is perceived as trustworthy,
whereas one that resembles an angry face is perceived as untrustworthy
(Said et al., 2009).

The amygdala has been consistently identified as one of the regions
specifically involved in trustworthiness evaluation (Adolphs et al.,
1998; Adolphs, 2002; Winston et al., 2002; Engell et al, 2007) and
more broadly in face—valence evaluation (Todorov and Engell, 2008).
The amygdala response increases as the perceived trustworthiness of
faces decreases (Winston et al., 2002; Engell ef al., 2007; Todorov et al.,
2008a; Said et al., 2009). Interestingly, stronger activation in the amyg-
dala was found during simulated voting judgments for candidates for
whom participants chose to vote (Rule et al., 2010). In contrast, for
images of losing candidates a greater activation was found in the insula
and ventral anterior cingulate (Spezio et al., 2008). On the basis of
these new intriguing findings on face evaluation, it becomes crucial to
understand the neural underpinnings of face decisions.

To our knowledge, almost all studies on social face evaluation are
based on functional magnetic resonance imaging (fMRI) measures,
which are characterized by relatively slow hemodynamic brain re-
sponses. Thus, fMRI studies need to be complemented with methods
that provide insights into the temporal sequences of face decisions,
such as event-related brain potentials (ERP) which, given their high
temporal resolution, might be particularly suitable to pinpoint the
timing of processes leading to emotional and social judgments
(Bartholow, 2010).

There are only a few studies that used ERPs to study the temporal
dynamics of trustworthiness evaluation. One of the most relevant is the
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study by Rudoy and Paller (2007) that showed that perceptual infor-
mation influence trustworthiness assessments well before relevant in-
formation has been retrieved from memory. Importantly, they found
an early frontal correlate for faces evaluated as trustworthy that is
thought to reflect the processing of facial expressions, as suggested
previously (Eimer and Holmes, 2007).

On the light of the above findings, the aim of the present study was
to assess the temporal sequence of ERPs elicited by two different social
evaluation tasks based on facial appearance and first impressions. To
this end, electroencephalographic (EEG) activity was recorded while
participants performed a direct trustworthiness evaluation of briefly
presented faces that varied along the trustworthiness dimension
(Oosterhof and Todorov, 2008; Todorov et al., 2008a) and a political
election task (‘would you vote for this political candidate?’), in which
attention was not drawn on the concept of trust. Trust evaluation
might be considered as an immediate evaluation, while political evalu-
ation might be considered as a more reasoned and deliberative assess-
ment. The key differences between these two tasks are principally that
during a political vote, trustworthiness is not overtly requested and,
more importantly, that evaluating a face for trustworthiness or choos-
ing a political candidate has a substantially different emotional and
adaptive value. From an evolutionary perspective, the primacy of trust
is evident: understanding another person’s intent is more important to
survival than whether will be a good or bad politician. Moreover, the
political decision task might be influenced by stereotypes, political
knowledge and social context (Little et al., 2007). Thus, direct trust-
worthiness assessment might be characterized by rapid, automatic,
‘intuitive preferences that come to mind quickly and without much
reflection’ (Kahneman, 2003), while political evaluation requires more
controlled processes.

Furthermore, people believe that competence is one of the most
important qualities for a politician (McGraw, 2003; Todorov et al.,
2005). Competence reflects traits that are related to perceived ability,
including intelligence, skill, creativity and efficacy, while trust judg-
ments depend on perceived warmth and honesty and determine ap-
proach—avoidance tendencies (Fiske et al., 2007).

In sum, although both evaluations are fundamental to social per-
ception and cognition, trust judgments seem to be of primary rele-
vance and crucial for survival (Fiske et al., 2007).

If trustworthiness judgments are a good approximation of the gen-
eral valence evaluation of faces (Todorov and Engell, 2008) and might
be interpreted as an over-extension of the ability to read emotional
expression (Todorov, 2008; Zebrowitz and Montepare, 2008), we
might expect to find ERP responses similar to those found for facial
expressions throughout the entire time course of processing. Several
studies have shown that a rapid evaluation of the emotional and mo-
tivational significance of faces appears to emerge quite early at about
120 ms unfolding over a large temporal window (for reviews see Eimer
and Holmes, 2007; Vuilleumier and Purtois, 2007).

To track the time course of trust and political vote decisions, early
and later ERP components related to face and emotional processing
were considered in the present study. Specifically, we focused on the
early P100 component recorded over the posterior cortex that reflects
attentional mechanisms (Hillyard et al, 1998) and was found to be
influenced by facial expressions (Batty and Taylor, 2003; Eger et al,
2003; Williams et al., 2006; Rotshtein et al., 2010). In addition, an early
effect might be found over frontal sites, as shown previously in re-
sponse to facial emotions and trustworthy faces (Eimer and Holmes,
2007; Rudoy and Paller, 2009; Righi et al., 2012). Notably, a still open
question is if face evaluation might affect the N170 that is considered
the most widely used ERP marker of face perception, reflecting face
structural encoding (Bentin et al., 1996). At subsequent latencies, we
focused on an early posterior negativity (EPN), peaking on
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occipito-temporal locations around 250 ms, that has been found to
be enhanced for threatening as compared to neutral faces (Shupp
et al., 2004). Finally, beyond 300 ms, we considered the late positive
potential (LPP), which reflects emotional and motivational processes
(Schupp et al., 2000, 2004; Hajcak et al., 2007,2009; Foti et al., 2009;
Marzi and Viggiano, 2010) and might be sensitive to face evaluation.
Furthermore, for the early and late components, specific analyses were
conducted to explore mechanisms that might be considered
stimulus-driven (influenced by face properties) and those related to
congruent judgments for pre-rated trustworthy and untrustworthy
faces.

Our predictions are as follows: similar effects, as those found for
processing of emotional vs neutral faces, should be obtained by com-
paring the ERP responses to trustworthy and untrustworthy faces. The
N170, that is thought to be ‘immune’ to emotional and social evalu-
ation, might be influenced only by the nature of the task and by face
properties. Furthermore, we might, in general, expect political evalu-
ation to be similarly affected by appearance-based trait inferences as
trustworthiness, but with a substantial difference in the emotional sig-
nificance hence with different ERPs responses.

METHODS
Participants

Sixteen healthy adult volunteers participated in the study (seven fe-
males, nine males); their age ranged between 23 and 29 vyears
(mean=24.9). All participants were right-handed, as assessed by
means of the Italian revised version of the Edinburgh Handedness
Inventory (Viggiano et al, 2001). All participants had normal or
corrected-to-normal vision. They reported taking no medication and
had no history of neurological, ophthalmological or psychiatric dis-
ease. All participants gave informed written consent. The experimental
methods were approved by the departmental ethics committee.

Stimuli

The stimuli were obtained from different sets of computer-generated
faces developed by Oosterhof and Todorov (2008) and Todorov et al.
(2008a). A total of 300 faces were selected from a pool of faces created
and modified to represent extreme versions varying on the trust di-
mension. All faces had different identities and varied on three levels of
trustworthiness (very trustworthy, very untrustworthy and neutral).
The faces were generated using FaceGen Modeller 3.2 (Singular
Inversions, 2007), according to the methods described in Oosterhof
and Todorov (2008) who developed a computer model that manipu-
lates faces to make them less or more trustworthy. All faces were male,
bald, Caucasian, front facing and with direct gaze. For both the trust-
worthiness and the political decision task the stimuli presented were
divided in three categories: very trustworthy, very untrustworthy and
neutral faces.

Task and design

Participants sat in a comfortable chair in a dimly lit room facing a
computer monitor at a distance of 57 cm. After filling out the informed
consent form, the electrode cap was mounted and participants were
given task instructions and practice trials. They were asked to minimize
blinking and to maintain visual fixation on a small cross in the centre
of the screen during task performance. Participants were not told that
the faces presented were divided into different trustworthiness levels.
Testing consisted of two different evaluation tasks each including
five blocks (with an additional short practice block at the beginning of
each task) with 30 trials (divided in three trustworthiness levels). For
all the participants the political election task was tested before the
trustworthiness task. This order of testing, although it might represent
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a limitation, was justified by the necessity of the political decision task
not being biased by a previous trustworthiness assessment. A 20 min
rest separated the two tasks. In the first task (‘Political evaluation’)
participants were asked to decide if they would cast their vote or not
for the presented face. Responses were given on a 3-point scale: 1: Yes,
1 would like to vote this face’, ‘I don’t know’ and 3: ‘No, I wouldn’t like
to vote this face’. During the voting task, participants were not in-
formed that the main thrust of the study was to study the processing
and evaluation of trustworthiness.

In the second task (‘Trustworthiness evaluation’) overt processing of
trustworthiness was investigated by having participants indicate
whether the presented face looked trustworthy or not using a
3-point scale from 1: ‘Yes, I trust this face’, 2: ‘I don’t know’ and 3:
“No, I don’t trust this face’. For both tasks participants had to respond
by pressing one of three designated keys (counter-balanced across par-
ticipants) on a standard keyboard with the index finger of the right
hand.

The order of the face stimuli was randomized within a sequence and
across the two different tasks. To make sure that repetition effects
could not interfere with the results each face was seen only once
during the experiment. Each trial began with a fixation cross presented
for 1500 ms, followed by the target face in the centre of the screen for
250 ms. A blank interval of 2800 ms separated the end of the rating
period and the onset of the next face presentation. Participants could
enter rating responses within 2000 ms from face onset. Figure 1 shows
the experimental procedure.

EEG data recording

The EEG was continuously recorded from 28 Ag/AgCl electrodes (F7,
F3, Fz, F4, F8, F17, FC3, FCz, FC4, FT8, T3, C3, Cz, C4, T4, TP7,

Task 1: Election

fixation
1500 ms

Woud you
vote him?

Fig. 1 Experimental design (face images were adapted from Oosterhof and Todorov 2008).

Accuracy

Trust Vote

SCAN (2014) 65

Cp3, CPz, Cp4, TP8, T5, P3, Pz, P4, Te, Ol, Oz, 02) with
NeuroScan 4.3 and amplified using the SynAmps system. A
common average reference and a forehead ground electrode were
used. Vertical and horizontal electro-oculographic (EOG) activity
was recorded with additional electrodes located above and below
the left eye and outside the outer canthi of both eyes. For all elec-
trodes the impedance was kept less than 5k. Electrical activity was
amplified with a bandpass of 0.01-100Hz and a sampling rate of
1000Hz. In offline analysis the data were epoched into single
sweep recordings from 200ms before to 1000ms after stimulus
onset. Moreover each epoch was baseline corrected using the signal
recorded during 200 ms that preceded the onset of the stimulus. All
epochs with ocular artifacts greater than 40 @V were automatically
rejected and in addition were visually scanned to find further arti-
facts. ERPs were then averaged separately for each experimental con-
dition and low-pass filtered at 30 Hz (24 dB cut-off).

RESULTS
Behavioral data

Although responses in this kind of experiment are inherently subject-
ive, the ‘correctness’ of first impressions was inferred as a percentage of
accuracy or ‘agreement’ in evaluation (Figure 2) with respect to the
predetermined face categories (Oosterhof and Todorov, 2008).
Therefore, percentage of ‘correct’ responses (e.g. ‘yes’ responses for
trustworthy faces) was calculated with respect to the pre-selected
faces categorized as very trustworthy, very untrustworthy or neutral.
This was done also for the political evaluation task in order to find out
if there might be consistency between political vote and trustworthi-
ness (e.g. participants might prefer not to vote for faces that looked
untrustworthy). Percentage of correct responses was submitted to an

Task 2: Trust

Would you
trust him?

Response

Reaction Times (ms)

Trust Vote

=

%
8883233888
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Trust- Untrust- Neutral Trust- Untrust- Neutral Trust-
worthy worthy

worthy worthy worthy worthy

M Yes
@ No
[ Don’t know

Untrust- Neutral Trust- Untrust- Neutral
worthy worthy

Fig. 2 Behavioral results. On the left: percentage of congruent responses (‘agreement’) to previously generated faces that were categorized as very trustworthy, very untrustworthy and neutral (Oosterhof and

Todorov, 2008). On the right: mean RTs are shown for congruent responses.
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ANOVA factoring: Face Category (Untrustworthy, Trustworthy,
Neutral) and Task (Trust, Vote).

The ANOVA showed a main effect of Face Category, F(1.7,
25.7) =36.6, P<0.001, with an overall greater percentage of agreement
for negatively compared to positively evaluated faces. This finding was
highly consistent, during the trust assessment, for faces that had been
generated to look more untrustworthy; for untrustworthy faces there
was also a higher percentage of negative responses in the political
choice task.

Furthermore, reaction times (RTs) for correct response were sub-
mitted to an ANOVA, factoring Face Category and Task. Both main
effects were significant: Face Category, F(2, 30) =24.8, P<0.01, and
Task, F(1, 15) =5.5, P<0.04. The election vote task yielded longer RT
compared to the trust task and for both tasks it took longer to respond
‘don’t know’ compared to ‘yes’ or ‘no’ responses, (P<0.004;
P<0.001); moreover, faster RTs were found for negative with respect
to positive evaluations, (P<0.02). The behavioral results are shown in
Figure 2.

ERP data
Subjective judgments

In order to investigate the neural correlates elicited by the participants’
subjective judgments, ERPs were constructed by separately averaging
trials for the two responses-judgments (positive: ‘yes’ and negative:
‘no’), independently of the pre-rated face category, for each task
trust and political evaluation (range of artifact free trials 38-55). For
both tasks we did not include in the ERPs statistical analysis ‘Don’t
know’ responses.

The ERP components of interest were selected on the basis of our
primary predictions, of visual inspection of the components’ ampli-
tude, and on the basis of previous studies of face processing and
social-emotional evaluation (Schupp et al, 2000; Eimer and Holmes,
2007; Hajcak et al., 2007, 2009; Foti et al., 2009; Marzi and Viggiano,
2010).

The different ERP components of interest were quantified by com-
puting and analyzing mean amplitude in specific time windows. The
time windows were selected based on the topographical distribution
and centered around the maximum amplitude of the ERP compo-
nents. The P100 was quantified as average voltage over occipital re-
cording sites (01, OZ, O2) in the latency range 110-130 ms. The N170
was analyzed considering temporal electrodes (T5 and T6) between 130
and 220 ms. The early frontal positivity (EFP) was found of maximal
amplitude over frontal and fronto-central sites (FZ and FCZ), between
130 and 220 ms. The EPN was observed and quantified as mean amp-
litude at occipito-temporal sites (O1, Oz, O2, T5 and T6) from 200 to
350 ms. Finally the LPP was largest at centro-parietal sites (CP3, CPz
and CP4) between 300 and 500 ms. To test for statistical significance,
separated repeated-measure ANOVAs were carried out for each com-
ponent with: Task (Trust, Voting), Response (Positive, Negative) and
Electrode (depending on the analysed component) as Factors.

For violations of the sphericity assumption the Greenhouse—Geisser
correction was applied and adjusted degrees of freedom were used.
Bonferroni’s correction was applied to all post hoc comparisons.

The first analysis was performed on the P100 component over oc-
cipital sites, to verify whether early attentional mechanisms would be
influenced by the type of task or response. A significant interaction
Task x Response x Electrode emerged, F(1.4, 22.2)=6.5, P<0.02,
reflecting an enhanced positivity, during the trustworthiness task, for
untrustworthy compared to trustworthy evaluated faces on electrode
site O1, F(1, 15) =8.6, P<0.02. Moreover, faces judged as untrust-
worthy yielded enhanced amplitudes also compared to faces judged
negatively, in the election task, on electrodes Ol and O2,
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F(1, 15)=7.1, P<0.02; F(1, 15)=6.6, P<0.03. No other effects
were significant. Furthermore, on fronto-central sites (‘EFP’, with a
maximal peak around 150ms) an opposite pattern was found.
The significant interaction Task x Response, F(1, 15)=5.2, P<0.04,
showed that, for the trustworthiness task, faces judged as trustworthy
elicited greater positivity relative to faces evaluated as untrustworthy,
F(1, 15) =8.1, P<0.02. No further significant effects emerged.

To assess if social evaluation of faces might have an influence on the
structural encoding processing, an analysis was performed on the mean
amplitudes of the N170. As predicted, only the main effect of Task was
significant, F(1, 15) =37.2, P<0.001, with an amplitude enhancement
for the political vote compared to the trust evaluation. The main effect
of Response did not reach significance, P=0.08.

Consistent with our hypothesis, the EPN, i.e. a component that
follows the N170 and is related to emotional processing, was influ-
enced by the type of task and evaluation. The ANOVA showed a sig-
nificant interaction between Task, Response and Electrode on occipital
temporal sites, F(2.9, 43.6) =5.5, P<0.004, demonstrating that, on
electrode T6, faces judged explicitly as untrustworthy elicited larger
amplitude than faces judged as trustworthy, F(1, 15)=5.0, P<0.05.
Moreover, negative judgments for the trust evaluation vyielded
enhanced amplitude compared to negative judgments in the election
evaluation, F(1, 15) =4.9, P<0.05.

At the same latency on centro-parietal electrodes, a main effect of
task emerged, F(1, 15) =5.1, P<0.05, with the trust evaluation elicit-
ing enhanced positive amplitudes with respect to the political
evaluation.

Later on during the time course of the ERP response, an ANOVA
was performed on centro-parietal sites to investigate the effects on the
LPP component. A significant effect of Task was found, F(1,
15) =12.9, P<0.004, and, more importantly, a significant interaction
Task x Response x Electrode emerged, F(1.8, 27.4) = 3.8, P<0.04. Post
hoc analyses confirmed that the type of task reliably influenced the
magnitude of the LPP with larger amplitudes for the trust compared
to the election task; the interaction showed that on electrode CP4
untrustworthy faces yielded an enhanced positivity compared to trust-
worthy faces, F(1, 15) =25.5, P<0.001; while in the election task no
significant differences emerged when comparing positive and negative
evaluations. Finally, faces evaluated as untrustworthy elicited enhanced
amplitude compared to faces that were negatively evaluated in the
election task, F(1, 15) =11.5, P<0.005; this effect was evident on elec-
trode CPZ, F(1, 15) =7.5, P<0.02. Grand averages for subjective re-
sponses or judgments are shown in Figure 3.

Stimulus-driven and congruent/incongruent

judgments of trustworthiness

The results reported in the previous section concerned the ERPs eli-
cited by the participants’ subjective judgments, independently of the
pre-rated face category. To investigate whether and to what extent
these evaluations might depend on inherent properties of the presented
faces, additional analyses on pre-rated trustworthy and untrustworthy
faces (Face-category), independently of behavioural judgments, were
carried out for different time windows. These ANOVAs were con-
ducted factoring Trustworthiness-Face-category (Untrustworthy,
Trustworthy) and Electrode (two electrodes, depending on the con-
sidered ERP component).

Furthermore, separate ANOVAs were employed to analyze the trust-
worthiness effect when face judgments are congruent with the
pre-rated face classification (e.g. untrustworthy faces judged congru-
ently as untrustworthy). These specific analyses enable one to find out
whether and when trustworthiness evaluations differ for congruent
responses with the presented faces. The factors considered were:
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Fig. 3 Grand averages for positive and negative judgments in the trust and election evaluations.

Trustworthiness-Face/judgments (trustworthy-yes and untrustworthy-
no) and Electrode (two electrodes depending on the considered ERP
component). All these analyses were restricted to specific components
of interest. Only the significant effects found for the trustworthiness
task are reported. Same latency windows and electrodes were con-
sidered as for the analysis on subjective judgments.

For the early P100 component no differences emerged from the
ANOVA on Face-category, whereas for the ANOVA on congruent
responses untrustworthy yielded an enhanced amplitude compared
to trustworthy judgments, F(1, 15)=8.9, P<0.01. Moreover, while
the effect for Face-category was only close to significance (P=10.07)
on the N170 component, the ANOVA on congruent responses
showed a significant difference with an enhanced negativity for un-
trustworthy compared to trustworthy congruent judgments, F(1,
15)=5.8, P<0.04, see Figure 4a and b. This pattern might reflect
the influence, at these early processing stages, of stimulus valence but
only when congruent behavioral responses are given to pre-rated
faces. From 400 to 600ms, on electrodes CPZ and PZ, congruent
responses to untrustworthy faces elicited greater amplitudes than
congruent responses to trustworthy faces, F(1, 15)=7.2, P<0.02;
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no significant differences emerged in the Face-category analysis.
These findings suggest that the difference in trustworthiness on
early and late ERP components requires a decisional process rather
than being directly driven by the face stimuli. Figure 4c shows a
comparison between grand averages waveforms for subjective judg-
ments, face-category and congruent face judgments for the untrust-
worthy condition.

Finally, further analyses were performed to elucidate possible differ-
ences between congruent and incongruent judgments to pre-classified
faces. For these purposes ANOVAs were performed factoring:
Congruency (Congruent, Incongruent), Valence (Untrustworthy,
Trustworthy) and Electrode (two electrodes—depending on the con-
sidered ERP component).

The analysis of the N170 showed an enhanced negativity for con-
gruent compared to incongruent responses on T6 [significant inter-
action Congruency X Electrode, F(1, 15) =6.9, P<0.02], see Figure 5.
Later on, around 250 ms on temporal sites, an enhanced positivity was
found for incongruent compared to congruent responses [reflected in
the significant factor Congruency, F(1, 15) =7.3, P <0.02]. No further
significant effects were found.
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Fig. 4 Trust evaluation: (a) grand averages for face categories (untrustworthy and trustworthy independently from judgments); (b) grand averages for congruent trustworthy and untrustworthy responses/
judgments (e.g. pre-rated untrustworthy faces judged congruently as untrustworthy); (c) For the untrustworthy condition a comparison is shown between grand averages for: face-category, subjective judgments

and congruent face-responses/judgments.

Topographical scalp maps

Figure 6 shows the topographical scalp maps for the trustworthiness
and political election evaluations. An enhanced positivity for faces
judged as untrustworthy (Trustworthiness task-Response: No) is vis-
ible on the P100 component, more evident for the trust with respect to
the election task. The N170 component was sensitive to the task, with
enhanced amplitudes for the political evaluation. Moreover, at the
same latency as the N170, an enhanced early frontal positivity (EFP)
is evident with a greater activation and a fronto-central distribution for
faces judged as trustworthy (Trustworthiness task-Response: Yes).
Finally, the LPP was enhanced for negative response in trust evaluation
(Trustworthiness task-Response: No) with respect to the other
conditions.

Discussion

Right or wrong, people make very quick judgments about faces that
determine how they feel about a person. Our brain is probably

equipped with a special ‘toolkif for reading and evaluating first im-
pressions about faces. The present study was aimed at tracking the time
course of face evaluations for trustworthiness and political voting de-
cisions. This topic is relevant because it addresses a fundamental ques-
tion regarding when, that is, at what visual information processing
stage, emotional and social ‘value’ is assigned to faces.

Behaviorally, a higher percentage of accuracy (agreement) in nega-
tive evaluation was found for faces that had been created to look more
untrustworthy compared to the positive evaluation for trustworthy
faces. In this regard, it has been suggested that people are remarkably
efficient at making trustworthiness judgments from someone’s appear-
ance with high reliability across individuals (Engell et al, 2007;
Todorov et al., 2008a). Faces that were previously categorized as un-
trustworthy (Todorov et al., 2008a) yielded also greater percentage of
negative responses in the election task (‘T won’t vote this person’).
Negative facial traits might play a critical role in mediating the effects
of appearance on voter decisions, an effect that may be of special
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Fig. 5 Trust evaluation. Grand averages for congruent and incongruent face-judgment responses.

importance when other information is absent (Spezio et al., 2008). The
fact that both tasks showed similar percentage of congruent responses
suggests that broadly similar processes underlie the different evalu-
ations. The candidate’s appearance plays a key role in political
choice (Todorov et al., 2005; Ballew and Todorov, 2007; Little et al.,
2007; Spezio et al., 2008; Antonakis and Dalgas, 2009) and is based on
specific facial cues that lead to consensus specifically for the negative
evaluation. RT showed that it took longer to make the political vote
evaluation with respect to the trust evaluation, indicating that the
former task is more cognitively demanding and based on a more
deliberative assessment.

To characterize the timing of these face evaluations, ERPs to sub-
jective judgments for both tasks were compared. The ERP results
showed, only for the trust evaluation task, an amplitude enhancement
of the P100 component for faces evaluated as untrustworthy. These
findings are consistent with our hypothesis that trustworthiness deci-
sions are bottom—up, very rapid and automatic valence evaluation of
faces in which attention is directed to particular face features. This
amplitude enhancement of an early component that is related to
low-level and face feature analysis probably reflects attentional mech-
anisms that were potentiated for emotionally relevant stimuli.

It is noteworthy to point out that ‘reading the face of conspecifics is
an essential source of information for behaving appropriately and in
this respect reading fast confers a marked advantage. This could be the
reason why the responses to trust, in its negative dimension, emerged
remarkably early in visual processing. These results suggest that a quick
glimpse to emotionally relevant stimuli appears sufficient to tune the
brain for the selective processing of emotional pictures (Schupp et al.
2004). Our observation on the P100 is consistent with the view that
signals of potential danger are given precedence in neural processing
(Williams et al., 2006) and that are processed by a mechanism for early

automatic alerting to potential threat (Liddell et al, 2004, 2005;
Williams et al., 2006).

The P100 amplitude has also been studied in research on facial
expressions (Pizzagalli et al., 1999; Sato et al, 2001; Eimer and
Holmes, 2002; Batty and Taylor, 2003; Eger et al., 2003; Pourtois
et al, 2005). A modulation of early sensory responses has been
found especially for fearful faces (Eimer and Holmes, 2002; Holmes
et al., 2003; Pourtois et al., 2005).

These findings of greater attention during the trustworthiness task
to more emotional or distinctive social stimuli may reflect an auto-
matic vigilance effect in which attention is quickly and automatically
drawn to stimuli with potential negative implications. This was not the
case for negative responses in the political decision task for which the
emotional meaning is probably less relevant. Importantly, the amyg-
dala response was found to be more sensitive to differences at the
negative that at the positive end of the trustworthiness dimension
(Winston et al., 2002; Engell et al,, 2007; Baron et al., 2011; Said
et al., 2011). As to the role of amygdala, Todorov and Engell (2008)
suggest that the valence evaluation of faces recruits a network of per-
ceptual areas in temporal and occipital cortices whose response is
modulated by the amygdala.

The N170, that is commonly associated with face structural encod-
ing (Bentin et al., 1996), does not appear to be specific for emotional
processing (Holmes et al., 2003). The present findings showed that the
N170 was not modulated by the emotional content of the faces but was
influenced by the task performed. An amplitude enhancement of the
N170 was found in response to the ‘political election judgment’ pos-
sibly reflecting a more complex structural encoding. Given the com-
plexity of the voting evaluation it is reasonable to hypothesize that face
encoding requires additional processing to access the mental represen-
tation of a plausible political candidate. The N170 enhancement
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Fig. 6 Scalp topographical maps for selected ERP components (P1, EFP, N170 and LPP) in response
to positive (‘yes') and negative (‘no’) evaluations (for both tasks).

therefore probably reflects the attentional modulation associated with a
more demanding structural encoding.

Furthermore, we found that the enhanced positivity for untrust-
worthy faces, not only started early, but persisted throughout the pro-
cessing sequence, such that the amplitude of the EPN, 220-400 ms
post-stimulus, and subsequent LPP (around 500 ms post-stimulus)
were increased. This was found for the explicit trustworthiness evalu-
ation and not for the political decision task. Untrustworthy judged
faces yielded enhanced negativity over temporo-occipital leads that
started around 220ms after stimulus onset resembling the effects
found previously for the EPN (Shupp et al., 2000). This component
has been found to be larger for threatening as compared to neutral
faces (Shupp et al, 2004). Enhanced EPN amplitude in response to
emotional stimuli has been similarly observed when viewing pictures of
erotica, mutilation and threat as well as threatening and fearful faces
(Schupp et al, 2000, 2004; Junghofer et al., 2001; Leppdnen et al.,
2007). A very recent study (Dzhelyova et al., 2012) provided evidence
that attribution of trustworthiness elicits an enhanced early EPN
during explicit judgments, a result which was not found during a
gender categorization task. Interestingly, Dzhelyova and coworkers
(2012) found an amplitude enhancement of the EPN for untrust-
worthy male faces and trustworthy female faces. This might be inter-
preted as a more efficient processing for salient stimuli (Sato et al,
2001; Dzhelyova et al., 2012).

Faces evaluated as untrustworthy were found also to be subject to a
continuing processing at later stages. Increased LPP amplitudes to
untrustworthy faces indicated facilitated processing of untrustworthy
compared to trustworthy faces, whereas no effects were found for the
political election evaluation. Again, similar to the case for augmented
EPN amplitudes, recent studies with emotional pictures observed

T.Marzietal.

enhanced LPP amplitudes (Schupp et al., 2000). A facilitated percep-
tual processing in these studies was particularly pronounced for stimuli
of high evolutionary significance (Schupp et al, 2000). Importantly, in
line with the present results, an ERP study, that investigated the neural
correlates of trust, showed that untrustworthy faces elicited a more
positive LPP than trustworthy faces, indicating an enhanced motivated
attention (Yang et al, 2011). The right-lateralized effect, which
emerged also for the EPN, is in line with studies that showed a primary
role of the right hemisphere in face emotional recognition, particularly
evident for stimuli with negative affective valence (Killgore et al., 2007;
Bourne, 2011; Dzhelyova et al., 2012; Nijboer and Jellema, 2012; Meng
et al., 2012).

In contrast to faces evaluated as untrustworthy, that influenced
almost all ERPs pattern, faces judged as trustworthy had an effect re-
stricted to an early time window, showing an enhanced positivity, with
respect to untrustworthy faces, around 150ms on frontal sites. This
frontal effect, although with an earlier onset, is in line with the early
frontal correlate of trustworthy faces found by Rudoy and Paller
(2009). At this level of processing a representation of the face reward
value might be ‘read out’. For this the ventromedial prefrontal cortex
(VMPFC) seems particularly suitable in preference evaluation
(Lieberman and Eisenberger, 2009). In this regard, it has been shown
that fairness and cooperation activate the same hedonic regions of the
brain as financial gain activating reward circuitry (Tabibnia and
Lieberman, 2007; Tabibnia et al., 2008).

In the present study the ERPs responses were found to be strongly
enhanced for the trust compared to the political election evaluation,
probably reflecting the fact that emotional inferences formed on the
basis of the observation of a face are more relevant for the trust deci-
sion. These findings suggest that face evaluation elicits multiple brain
responses involved in attention, structural processing and decision
making with an enhancement of the ERPs responses related to emo-
tional processing when trustworthiness is overtly processed.
Furthermore, it might be the case that in electoral decisions other
processes, with a less emotional content and a more deliberative as-
sessment, come into play. The current results also show that differen-
tial ERP patterns involved in the trust evaluation might be considered
as an immediate assessment, while the political evaluation might be
considered as a more reasoned and deliberative assessment. This is
suggested by many studies showing that trustworthiness evaluation
occurs automatically, driven spontaneously rather than by top—down
processes (Winston et al., 2002; Willis and Todorov, 2006; Engell ef al.,
2007; Todorov et al., 2009; Dzhelyova et al., 2012). On the contrary,
little is known about the processes involved in voting decisions but we
might assume that in this decision facial evaluation might represent a
sort of cognitive shortcut to facilitate evaluation characterized in a
normal context by overloading information (Caprara et al, 1997;
Little et al., 2007).

One question that remains open is if it is possible to tease apart the
contribution of stimulus-driven responses (triggered by the pre-
classified faces) and the subjective responses that were congruent
with the pre-rated faces. This issue might have important implications
for the dissociation between bottom—up and top—down mechanisms in
emotional processing (Wright et al., 2008; Ochsner et al., 2009). When
do bottom—up and stimulus-driven affective processes interact with
top—down cognitive appraisal processes? To investigate this aspect,
additional analyses enabled us to compare ERP responses to face cate-
gories (untrustworthy and trustworthy-independently from the sub-
jects judgments) and ERP responses to congruent and incongruent
judgments (e.g. untrustworthy faces judged as untrustworthy). In
sum, differences in trustworthiness emerged at the level of the P100
and the N170 components related to the congruent explicit judgments
and not only to the stimuli themselves. Thus, untrustworthy congruent
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face-judgments were enhanced for these components suggesting that
the evaluation of trust is characterized by the extraction of specific
salient facial cues, particularly evident for faces that were congruently
judged as untrustworthy. At this level of processing, bottom—up and
top—down processes are probably integrated to enhance the perceptual
awareness of relevant features of the stimuli, as a function of a given
task (Sato et al., 2001; Dzhelyova et al, 2012). Some particular struc-
tural features might be encoded while trustworthiness attributions are
being made, for example brow ridge, chins shape and facial width
(Stirrat and Perrett, 2010; Todorov et al., 2008a; Dzhelyova et al., 2012).

Later on, around 250 ms, incongruent judgments elicited enhanced
amplitude compared to congruent judgments probably indexing the
processing of incongruent structural face aspects. In this respect, the
P200 has been linked to the analytical processing of spatial relations
between facial features in individual faces (Latinus and Taylor, 2006)
and the initiation of individual recognition mechanisms (Halit et al,
2000). Furthermore, on the LPP component, the differences in trust-
worthiness emerged for the subjective and congruent judgments prob-
ably reflecting the involvement of motivational and more cognitive
evaluation. It is possible to interpret these findings considering that
early components are sensitive to both task and stimulus-driven pro-
cesses while later components are more sensitive to subjective
judgments.

Admittedly, these results should be considered with caution due to
the limited number of congruent trials, but we believe that this is an
important issue to be addressed in future research by using a specific
experimental design.

In conclusion, the present ERP results highlight the finding that
emotional responses, triggered by face evaluation, appear both quite
early and at longer latencies and differ as a function of the evaluated
dimension (trust or vote). We interpret these findings by considering
face evaluation as an overextension of the ability to read emotional
expressions (Zebrowitz and Montepare, 2005, 2008; Oosterhof and
Todorov, 2008; Said et al., 2009). Viewing people who look untrust-
worthy would produce emotional responses that might be used to
make facial evaluations. It seems plausible that these emotional re-
sponses are triggered by facial cues that have adaptive significance.
Taken together, the temporal profile of the ERP responses suggests
that the evaluation of trust influences visual processing quite early
and unfolds largely independently from structural encoding. The
early effects found on the P100 component might suggest the involve-
ment of attentional mechanisms with an alerting function (Williams
et al., 2006). Moreover, the persistence of enhanced responses to ‘po-
tential threat’ conveyed by an untrustworthy face may reflect emo-
tional and motivational processes engaged during face evaluation.
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