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Neural sensitivity to trustworthiness cues from realistic face images is associated 
with temperament: An electrophysiological study with 6-month-old infants
Elisa Baccoloa, Ermanno Quadrellia,b and Viola Macchi Cassiaa,b

aDepartment of Psychology, Università Degli Studi Di Milano-Bicocca, Milano, Italy; bNero Mi, Milan Center for Neuroscience, Milano, Italy

ABSTRACT
Discriminating facial cues to trustworthiness is a fundamental social skill whose developmental 
origins are still debated. Prior investigations used computer-generated faces, which might fail to 
reflect infants’ face processing expertise. Here, Event-Related Potentials (ERPs) were recorded in 
Caucasian adults (N = 20, 7 males, M age = 25.25 years) and 6-month-old infants (N = 21, 10 males) 
in response to variations in trustworthiness intensity expressed by morphed images of realistic 
female faces associated with explicit trustworthiness judgments (Study 1). Preferential looking 
behavior in response to the same faces was also investigated in infants (N = 27, 11 males) (Study 2). 
ERP results showed that both age groups distinguished subtle stimulus differences, and that 
interindividual variability in neural sensitivity to these differences were associated with infants’ 
temperament. No signs of stimulus differentiation emerged from infants’ looking behavior. These 
findings contribute to the understanding of the developmental origins of human sensitivity to 
social cues from faces by extending prior evidence to more ecological stimuli and by unraveling 
the mediating role of temperament.
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As humans, we are hypersensitive to those facial 
properties that convey social signals. For example, 
we spontaneously infer other people’s mental states 
by recognizing affectively relevant facial configura
tions, like those articulating emotional expressions. 
However, the universal facial expressions of emotions 
only represent one type of cues that we extract from 
faces. Our everyday social interactions are supported 
by the decoding of a variety of voluntarily and invo
luntarily produced facial information, including face 
morphologies that we spontaneously associate with 
certain social traits. Trustworthiness is one of such 
traits, defined as the perception of other people’s 
approachability (Willis & Todorov, 2006). 
Trustworthiness judgments are triggered by specific 
facial configurations, often defined as trustworthiness 
Action Units (AUs, see Jack & Schyns, 2015). These 
include upward/downturned eyebrows, upward/ 
downturned curving mouth, and a wrinkling nose. 
Recent evidence suggests that the simultaneous 
movement of the brow raiser muscle, the lip corner, 
and the nose wrinkler form a unique configural set 
that vehiculates the perception of approach/ 

avoidance tendencies and differs from any of the 
sets associated with the six universal emotional 
expressions (Jack & Schyns, 2015).

Trustworthiness perception in the adult 
population

Trustworthiness judgments from faces occur very rapidly, 
automatically, and with high consensus (Bar et al., 2006; 
Willis & Todorov, 2006). Electrophysiological studies measur
ing event-related potentials (ERPs) in response to faces vary
ing in the level of expressed trustworthiness show that 
untrustworthy faces elicit enhanced early visual and percep
tual responses at the level of the C1 and the N170 compo
nents, as well as enhanced attentional responses, as indexed 
by modulations of the early posterior negativity (EPN) and 
the late positive potential (LPP) (e.g., Dzhelyova et al., 2012; 
Lischke et al., 2018; Marzi et al., 2014; Yang et al., 2011). This 
evidence supports the adaptive significance of humans’ sen
sitivity to facial cues to trustworthiness as, from an evolu
tionary perspective, a prompt and heightened attentional 
response to untrustworthy faces implies higher chances to 
avoid potential harm (Zebrowitz et al., 2003).
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Developmental origins of sensitivity to 
trustworthiness cues

If a large part of the literature has focused on disentan
gling the cognitive and neural processes underlying 
adults’ sensitivity to fine-grained differences in facial 
cues to trustworthiness, only a small number of studies 
has investigated the fundamental question of the devel
opmental origins of this sensitivity (see Over & Cook, 
2018).

Evidence from children suggests that the ability to 
use facial information to attribute personality traits 
might not require extended social experience, as 3-year- 
old children can judge how “mean” or “nice” a person 
looks based on its facial appearance. By the age of 
6 years these explicit face-trait judgments acquire the 
same level of consistency as the one produced by adults 
(Cogsdill et al., 2014; see also Ewing et al., 2015). More 
recently, Baccolo and Macchi Cassia (2020) explored 
children’s sensitivity to perceptual differences among 
faces varying in the level of expressed trustworthiness. 
Results showed that, already at the age of 5 years, chil
dren represent perceived differences between faces as 
a function of the level of trustworthiness they express, 
just like adults, and this representation becomes more 
fine-grained with increasing age. Moreover, at 5 years 
more accurate judgments of trustworthiness were asso
ciated with more advanced emotion understanding abil
ities, suggesting that, in younger children, the ability to 
use face information to infer trustworthiness traits builds 
on the ability to consistently use transient facial cues to 
infer internal emotional states.

Indeed, the ability to discriminate emotional facial 
expressions (see review by Grossmann, 2010) and regu
late behavior accordingly (e.g., Serrano et al., 1995) 
appears rather early in development, and becomes 
more fine grained during the first year of life. Even new
borns distinguish happy expressions from fearful and 
disgusted ones (Farroni et al., 2007; Lischke et al., 
2018), and by 3 to 4 months infants can reliably discri
minate happy expressions from a number of other emo
tional expressions, while by the age of 7 months they 
begin to exhibit adult-like attentional preference for 
fearful expressions (see review by Leppänen et al., 
2007). Infants’ behavior also tends to vary according to 
the affective meaning of facial expressions, as 4-to 
9-month-old infants prefer to approach individuals pos
ing happy facial expressions and avoid individuals exhi
biting negative facial expressions (Serrano et al., 1995).

Preverbal infants have also been shown to modulate 
their avoidance/approach behavior based on other peo
ple’s conduct toward others: 5- and 9-month-olds tend 
to look longer and preferentially reach animated 

characters that help social targets over those who hinder 
or cause harm to the same targets (e.g., Hamlin & Wynn, 
2011). Gredebäck et al. (2015) found that the early pre
ference for prosocial others is also reflected in infants’ 
electrocortical activity. The P400 Event Related Potential 
(ERP) component differed when 6-month-infants 
observed agents that previously hindered others and 
agents that previously helped others, suggesting that 
by 6 months of age infants are more readily attuned to 
process positive compared to negative-valenced social 
actions.

Sensitivity to facial cues to trustworthiness in 
infants

In light of this evidence, the question of whether infants 
might be sensitive to those facial cues that older chil
dren and adults perceive as signaling approach or avoid
ance appears compelling. To our knowledge, only four 
studies have explored this question by testing infants’ 
behavioral and/or neural discrimination of computer- 
generated faces varying in the level of expressed trust
worthiness. In all studies, infants were presented with 
face stimuli selected from the extensively validated data
base of computer-generated faces varying along 
a trustworthiness continuum created by Todorov 
(Oosterhof & Todorov, 2008) on the basis of data- 
driven, computational models. The stimulus set typically 
included three versions of a single male Caucasian iden
tity showing three different levels of trustworthiness: 
a high trustworthy and a low trustworthy version taken 
from the continuum extremes (3 SD above and below 
the average face) and a neutral version corresponding to 
the average face from the continuum.

Jessen and Grossmann (2016, 2019) reported that 
7-month-old infants showed a linear increase in looking 
time from untrustworthy to neutral and trustworthy faces 
when the three faces were presented pairwise. A similar 
finding was obtained by Sakuta and colleagues (Sakuta 
et al., 2018) with Japanese infants, who preferred trust
worthy over untrustworthy Caucasian faces in 
a preferential looking task, at least when both faces were 
also high in dominance. These behavioral results are 
coherent with evidence showing that infants preferentially 
approach people displaying happy facial expressions and 
avoid those who display anger or negative expressions 
(Serrano et al., 1995). Moreover, in light of the fact that 
trustworthy-looking faces share at least some subtle fea
tures with happy faces (e.g., Oosterhof & Todorov, 2009), it 
has been proposed (see Jessen & Grossmann, 2019) that 
infants may view trustworthy faces as more familiar than 
neutral and untrustworthy faces because, under typical 
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rearing conditions, they are predominantly exposed to 
social agents who pose positive facial expressions while 
acting prosocially toward them.

According to the developmental account of the ori
gins of spontaneous face-trait inferences (Trait Inference 
Model) proposed by Lischke et al. (2018), this repeated 
experience would lead to the establishment of 
a predictive contingent relationship between face repre
sentations and representation of personality traits in 
long term memory. Partial support for this hypothesis 
comes from an ERP study showing that facial trust
worthiness impacts infants’ object processing in the 
context of a gaze cueing paradigm in which the fronto- 
central Nc is larger to objects that are attended to by 
trustworthy faces compared to untrustworthy faces 
(Jessen & Grossmann, 2019).

These findings imply that the infants’ brain 
responds to variations in facial trustworthiness. 
However, a more direct exploration of infants’ neural 
sensitivity to facial cues to trustworthiness comes 
from two ERP studies conducted by Jessen and 
Grossmann (2016, 2017) with both supraliminally 
and subliminally presented stimuli. Under standard 
stimulus presentation (Jessen & Grossmann, 2016) 
infants showed an enhanced amplitude for the P400 
elicited at occipital sites and for the Nc at frontal and 
central sites in response to neutral faces as opposed 
to either highly trustworthy or highly untrustworthy 
faces. When faces were subliminally presented (Jessen 
& Grossmann, 2019), infants showed an enhanced 
NSW at frontal and central sites in response to 
untrustworthy faces as opposed to neutral faces.

Albeit confirming that the infants’ brain differenti
ates between different levels of facial trustworthi
ness, these findings are partially at odds with 
behavioral evidence of infants’ longer looking times 
to trustworthy faces (Jessen & Grossmann, 2016, 
2017; Sakuta et al., 2018). Indeed, infant Nc compo
nent is linked to the allocation of attention to the 
presented stimuli (Reynolds & Richards, 2005), and 
indexes familiarity in face processing in the first year 
of life, in that it is larger for familiar faces as com
pared to unfamiliar faces (e.g., De Haan & Nelson, 
1997). Although less consistent, face familiarity 
effects have been reported also for the P400 (e.g., 
Balas et al., 2010). Therefore, although the interpre
tation that infants are responding to familiarity 
applies smoothly to the finding of infants’ longer 
looking times to trustworthy over untrustworthy 
faces, it fails to explain ERP data indicating lack of 
differentiation between high-trustworthy and high- 
untrustworthy faces at the level of the P400, Nc 
and NSW.

The current study

In light of the limited number of studies and the uneven 
results emerging from behavioral and ERP investiga
tions, our goal in the current study was to replicate 
and extend earlier demonstrations of infants’ sensitivity 
to variations in facial trustworthiness using a different, 
more ecological, set of stimuli. As already mentioned, all 
prior studies with infants (and children, but see Crookes 
et al., 2015) used artificial, computer-generated 
Caucasian male faces obtained from data-driven model
ing (Oosterhof & Todorov, 2008).

Although artificial faces allow for a strictly controlled 
manipulation of the features of interest, they may not 
fully reflect infants’ expertise at face processing, includ
ing perceptual discrimination (see Crookes et al., 2015). 
Moreover, it is known that face processing abilities dur
ing the first year of life tune in response to salient people 
in the infant’s environment (e.g., Stets et al., 2012), 
resulting in increased sensitivity to faces that match 
the characteristics of their primary caregiver (e.g., 
Ramsey-Rennels & Langlois, 2006), which is typically 
female (Rennels & Davis, 2008; Sugden et al., 2014). 
Therefore, using computer-generated male faces as sti
muli may result in underestimation of infants’ sensitivity 
to subtle variations in physical cues to trustworthiness.

With the aim to overcome these limitations, in the 
current study we used as stimulus material three varia
tions of one real female face identity selected from 
a previously validated set of seven parametrically 
manipulated variations, differing in the level of per
ceived trustworthiness (see Baccolo & Macchi Cassia, 
2019). As in Jessen and Grossmann (2016), we presented 
our participants with the most trustworthy face of the 
continuum (High Trustworthy, HT), the least trustworthy 
face (Low Trustworthy, LT), and the face that lies at the 
center of the continuum (Neutral, N). Infants’ sensitivity 
to perceptual differences among these three stimuli was 
investigated by comparing ERP responses evoked by 
each stimulus (Study 1) and by contrasting looking 
times to each face while presented pairwise in 
a standard preferential looking task (Study 2).

By measuring infants’ ERPs we aimed to test whether, 
with the use of more ecological stimuli, we would 
observe modulations of ERP responses to HT versus LT 
faces that were absent in Jessen and Grossmann (2016) 
study. By measuring infants’ preferential looking 
responses, we aimed to test whether the attentional 
preference for artificial, computer-generated HT male 
faces generalizes to realistic female face images.

In order to verify the suitability of the realistic face 
stimuli used in the current study to replicate prior 
electrophysiological evidence of enhanced perceptual 
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and attentional processing of Low Trustworthy faces 
compared to High Trustworthy faces (Dzhelyova et al., 
2012; Lischke et al., 2018; Marzi et al., 2014; Yang et al., 
2011), Study 1 included also a group of adult partici
pants, whose Event-Related Potentials (ERPs) in 
response to the N, LT and the HT faces were measured 
using the same exact procedure adopted with infants. 
A final aim of the current study was to explore the 
presence of individual differences in infants’ neural 
sensitivity to facial cues to trustworthiness by exploring 
its association with temperamental traits. Such an asso
ciation exists in the case of emotion discrimination, in 
that research has found significant relations between 
infants’ temperament and their neural attention toward 
faces and bodies varying in emotional expression. 
Studies are not always consistent in the direction of 
the reported associations. For example, higher scores 
on Negative Affect have been reported to be associated 
with larger Nc responses to happy faces in 3- to 13- 
month-old infants (Martinos et al., 2012), and with lar
ger P400 responses to angry faces in 7-month-olds 
(Quadrelli et al., 2019), and higher scores on the 
Approach/Surgency dimension are associated with lar
ger Nc responses to fearful body expressions (Rajhans 
et al., 2015). Nonetheless, data converge in showing 
that individual differences in temperament affect 
infants’ processing of socio-emotional cues in their 
environment. In light of this, in the current study we 
explored whether the impact of infants’ temperament 
on ERP measures of emotion discrimination generalizes 
to neural discrimination of facial cues to 
trustworthiness.

Indeed, associations between individual differences 
in personality and social behavior and trustworthiness 
perception from faces have been reported in adults. 
Individuals with high anxiety traits showed enhanced 
working memory neural processing of untrustworthy 
faces (Meconi et al., 2014), and face discrimination 
based on physical cues to trustworthiness in 
a perceptual similarity behavioral task was slower in 
introverted compared to extraverted individuals 
(Baccolo & Macchi Cassia, 2019). In light of this evidence, 
here we explored the association between infants’ 
neural response to HT, N and LT faces and their scores 
on the broad temperament dimensions of Negative 
Affect (i.e., propensity to experience negative feelings) 
and Surgency (i.e., the likelihood to experience and dis
play high levels of activity), measured using the very 
short form of the revised Infant Behavior Questionnaire 
(IBQ-r VSF; Putnam et al., 2014). We focused on these two 
temperament dimensions as they are considered to be 
precursors to the adults’ Neuroticism/Extraversion per
sonality traits, which have been shown to modulate 

trustworthiness perception (Baccolo & Macchi Cassia, 
2019). We hypothesized that infants’ ERP responses to 
HT faces with respect to LT faces would vary according 
to their score on one or both temperament dimensions.

Study 1 – ERP task

Materials and methods

Participants
The final adult sample comprised 20 Caucasian young 
adult participants (7 males, M age = 25.25 years; 
SD = 3.06; range = 20–32), who were either undergrad
uate university students receiving course credits for their 
participation or were recruited from the community by 
word of mouth. Sample size was based on previous 
studies investigating neural sensitivity to facial cues to 
trustworthiness in adults (e.g., Marzi et al., 2014; Yang 
et al., 2011). Eight additional participants were tested 
but excluded from the final sample due to excessive 
EEG artifacts. All participants had no history of neurolo
gical or psychological disorders and had normal or cor
rected-to-normal vision; they all signed an informed 
consent before testing.

The final infant sample consisted of 21 six-month-old 
Caucasian participants (10 males, M age = 200 days; 
SD = 7.43; range = 184–211), who were born full-term 
with a normal weight at birth (> 2400 g). Eighteen addi
tional infants were tested but excluded from the ana
lyses due to fussiness (N = 1) or failure to contribute at 
least 10 good trials per condition (N = 17). Sample size 
was determined based on prior comparable studies 
investigating neural sensitivity to social cues from faces 
in 6-month-old infants (e.g., Jessen & Grossmann, 2019; 
Quadrelli et al., 2019). Attrition rate was comparable to 
that from other infant face processing ERP studies with 
infants over 6 months of age using purely visual stimula
tion (e.g., Righi et al., 2014; see also Stets et al., 2012). 
Infants were recruited via a written invitation that was 
sent to parents based on birth records provided by 
neighboring cities, and parents gave their written 
informed consent. The protocol followed the ethical 
standards of the Declaration of Helsinki and was 
approved by the Ethics Committee of the University of 
Milano-Bicocca.

Stimuli
Stimuli were selected from a previously validated set (see 
Baccolo & Macchi Cassia, 2020) including seven variations 
of one Caucasian female facial identity reflecting 
a continuum of trustworthiness that ranged from 1 (very 
untrustworthy) to 7 (very trustworthy), interleaved by 
a neutral face (Figure 1). The continuum resulted from 
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morphing an averaged neutral face toward an averaged 
untrustworthy and an averaged trustworthy face using an 
online program for image transformation (WebMorph, 
DeBruine, 2017), and all the averaged faces were created 
by averaging three face identities taken from the Chicago 
Face Database (Ravicz et al., 2015). Details of the morph
ing and stimulus validation procedures are described in 
full in Baccolo and Macchi Cassia (2020). The face at center 
of the continuum (face 4: Neutral, N) and those at the two 
extremes were selected to be used as stimuli in the cur
rent study (face 1: Low Trustworthy, LT and face 7: High 
Trustworthy, HT). To ensure that infants focused their 
attention on the internal facial features, the three faces 
were cropped into an oval shape to remove the hair and 
the ears (Figure 1).

One of our goals in the current study was to test 
whether earlier demonstrations of infants’ neural discri
mination between computer-generated faces on the 
basis of their perceived trustworthiness (Jessen & 
Grossmann, 2016) would generalize to more ecological, 
realistic face images. To provide a direct comparison 
between the intensity of perceived trustworthiness eli
cited by these two stimulus sets we ran a further valida
tion study in which we asked an independent sample of 

37 young Caucasian adults (4 males, M age = 26.84 years; 
SD = 6.01; range = : 21–46) to rate each of the nine 
computer-generated faces used by Jessen and 
Grossmann (2016; the neutral, the +3 SD, and the −3 
SD versions of faces 005, 010, and 016 from the database 
by Oosterhof & Todorov, 2008) and the N, LT, and HT 
faces used in the current study on a 9-point scale ran
ging from 1 (“I wouldn’t trust this person at all) to 9 (“I 
would definitely trust this person”). The same adult par
ticipants were also asked to rate the perceived similarity 
of all possible pairwise combinations of the faces in each 
set on a 9-point scale ranging from 1 (“the two faces look 
identical”) to 9 (“the two faces look completely differ
ent”). Details of the procedure and data analyses are 
reported in the Supplementary Information S1. Overall, 
results confirmed that a similar linear increase in partici
pants’ ratings from the Low trustworthy face to the High 
trustworthy face occurred for both stimulus sets. 
However, the faces from the realistic set were perceived 
as more similar to one another than those from the 
Todorov set, suggesting that the physical cues that dif
ferentiate the faces used as stimuli in the current study 
are more subtle than those differentiating the stimuli 
used by earlier investigations.

Figure 1. The seven variations of the female face identity included in the trustworthiness continuum created by Baccolo and Macchi 
Cassia (2020) where trustworthiness intensity ranged from 1 (very untrustworthy) to 7 (very trustworthy) (a). Face 1 (Low Trustworthy, 
LT), face 4 (Neutral, N) and face 7 (High Trustworthy, HT) were cropped and used as experimental stimuli (b).
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Procedure
Data acquisition took place in a darkened audiometric 
and electrically shielded cabin. Stimuli were shown on 
a 24-inch monitor (1600 x 1200 pixels). Adult participants 
seated approximately 60 cm away from the monitor and 
were instructed to sit as still as possible during the entire 
procedure. Before testing, they completed the Italian 
version of the Big Five Questionnaire (BFQ; Caprara 
et al., 1993), a self-report questionnaire designed to 
measure the Big Five dimensions of personality. Only 
the items contributing to the Extraversion and the 
Neuroticism scales were scored, and the obtained scores 
were standardized by converting them into z-scores.

Infants seated on their parent’s lap, approximately 
60 cm away from the monitor; parents were instructed 
to sit as still as possible during the entire procedure and 
asked to avoid interfering with the experimental session 
by talking to the child or pointing to the screen. The 
whole experimental session was recorded through 
a digital video-camera hidden above the stimulus pre
sentation monitor and connected to the data acquisition 
computer and a digital video recorder, both located 
outside the testing cabin. The live image of the infant’s 
face and body allowed the experimenter to pause or 
terminate the session as soon as the infant became 
fussy. Each subject was presented with the N, LT, and 
HT stimuli, which appeared one at a time on the screen 
in a pseudo-randomized order, with the only constraint 
that the same stimulus could not appear more than four 
times in a row. Stimulus presentation was controlled 
through E-Prime software v2.0 (Psychology Software 
Tools Inc., Pittsburgh, PA). A trial consisted of 
a 1000 ms stimulus presentation followed by an inter- 
stimulus interval varying randomly between 900 and 
1100 ms. Whenever necessary the experimenter pre
sented a looming fixation point between trials to reori
ent the infant’s attention to the monitor. Stimuli 
presentation continued until the infant became too 
fussy or bored to attend, with a maximum of 270 trials. 
Before testing, the infant’s mother or the primary care
giver completed the Infant Behavior Questionnaire- 
Revised in its very short form (IBQ-R VSF; Putnam et al., 
2014). The questionnaire included queries aimed to 
assess the frequency of specific temperament-related 
behaviors observed within the last week. We focused 
on the Negative Affect (NA, tendency to experience 
negative feelings and difficulty being soothed) and 
Surgency (SU, tendency to show high levels of activity 
and positive emotions and to act impulsively) subscales, 
which are considered as the precursors of the personal
ity dimensions of Neuroticism and Extraversion. The 
obtained scores were standardized by converting them 
into z-scores.

EEG recording and processing
Electroencephalographic (EEG) data were recorded con
tinuously using a 128-electrode HydroCel Geodesic 
Sensor Net (Electrical Geodesic Inc., Eugene, OR), refer
enced to the vertex electrode (Cz), and amplified using 
an EGI NetAmps 300 amplifier with a sampling rate of 
500 Hz and an online band-pass filter of 0.1–100 Hz. 
Impedances were checked online before the session 
started and considered adequate if lower than 50 KΩ. 
EEG data were further processed offline using NetStation 
v4.6.4 (Eugene, OR). A band-pass filter of .3–30 Hz was 
applied to the continuous EEG signal, which was then 
segmented into epochs centered on the stimulus onset 
from 100 ms pre-stimulus onset to 1000 ms post- 
stimulus onset. Data were corrected to the baseline 
using the average voltage of the 100 ms prior to stimulus 
onset, and re-referenced to the algebraic mean of all 
channels. An automatic artifact rejection was applied to 
the segmented data so that, whenever the signal 
exceeded ± 200 μV at any electrode in a sliding window 
of 80 ms, channels were automatically rejected. Any 
remaining artifacts were hand-edited. Trials for which 
more than 15% of the channels (N ≥ 18) were marked 
as bad were excluded from further analyses (e.g., Halit 
et al., 2003). Of the remaining trials, individually bad 
channels were replaced using spherical spline interpola
tion. Individual subject averages for each of the three 
trustworthiness conditions (N, LT, and HT) were com
puted separately for each channel across all trials. For 
what concerns the adult sample, a repeated-measures 
ANOVA with trustworthiness level (N, LT, HT) as the 
within-subjects factor confirmed that a similar number 
of trials contributed to the average ERP for the HT con
dition (M = 44.4, SD = 11.87), the LT condition (M: 43.45, 
SD = 12.49) and the N condition (M = 42.75, SD = 13.73), 
all ps > .39. Similar to other infant visual ERP studies (e.g., 
Quadrelli et al., 2019), an inclusion criterion of 10 good 
trials for each stimulus category was adopted to include 
infant participants in the final sample (see also Stets 
et al., 2012). A repeated-measures ANOVA with trust
worthiness level (N, LT, HT) as the within-subjects factor 
revealed that a similar number of trials contributed to 
the average ERP for the HT condition (M = 13.90, 
SD = 4.17), the LT condition (M = 13.62, SD = 3.47), and 
the N condition (M = 12.86, SD = 3.41), all ps > .39.

As regards the adult sample, we focused our analyses 
on the face sensitive N170 (120–180 ms) and the atten
tional LPP (520–720 ms) components, which were both 
reported to be modulated by variations in trustworthi
ness intensity perceived from faces (Lischke et al., 2018; 
Marzi et al., 2014). After Yang et al. (2011), we also 
analyzed the C1 (70–100 ms) component. Data were 
analyzed by averaging electrodes within the occipital- 
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temporal region of each hemisphere where the N170 
was more clearly visible (left: 65, 66, 69, 70; right: 83, 
84, 89, 90), and by averaging electrodes over the fronto- 
central region where the C1 and the LPP components 
were observed (31, 53, 54, 55, 61, 62, 78, 79, 80, 86) 
(Figure 2). The time windows components were chosen 
based on previous ERP reports of the three components 
(e.g., Lischke et al., 2018; Yang et al., 2011), and visual 
examination of the components’ peak across 
participants.

As for the infant sample, after Jessen and Grossmann 
(2016), we analyzed the face-sensitive N290 (200– 
260 ms) and P400 (330–430 ms) ERP components, and 
the attentional Nc (300–600 ms). A prominent P1 (120– 
170 ms) was also visible in our data, and was therefore 
included in the analyses. Data were analyzed by aver
aging one cluster of electrodes over the occipital- 
temporal regions of each hemisphere where the P1, 
the N290 and the P400 were more prominent (left: 65, 
66, 69, 70; right: 83, 84, 89, 90) (Figure 3). The Nc was 
analyzed at fronto-central electrode sites over each of 
the two hemispheres (left: 36, 30, 37, 42; right: 87, 93, 
104, 105). These electrode sites were chosen based on 
visual inspection of the component topography and 
correspond to electrode clusters in which the compo
nents of interest have been recorded in previous stu
dies (e.g., Quadrelli et al., 2019; Peykarjou et al., 2014). 

Time windows were chosen based on previous infant 
ERP reports of the four components, and on examina
tion of the peak of each component across participants 
(e.g., Leppänen et al., 2007; Quadrelli et al., 2019) and 
visual examination of the components’ peak for each 
participant. For both adults and infants, peak latency 
(ms) and mean amplitude (μV) values were extracted for 
each of the considered components, and entered in the 
statistical analyses.

EEG Data analysis
Analyses were conducted with SPSS 25.0 (IBM 
Corporation, Armonk, NY, USA) and RStudio.1.0.136 
(Ravicz et al., 2015. RStudio: Integrated Development 
for R. RStudio, Inc., Boston, MA URL http://www.rstu 
dio.com/). As for the adults, peak latency and mean 
amplitude of the N170 were analyzed through 
a 3 × 2 repeated-measures Analysis of Covariance 
(ANCOVA) with trustworthiness level (N, LT, HT) and 
hemisphere (left, right) as within-subjects factors, 
and Neuroticism and Extraversion scores derived 
from the BFQ entered as covariates. For the C1 and 
the LPP, the same repeated-measures ANCOVA was 
computed without including hemisphere as a factor.

As for the infants, peak latency and mean amplitude of 
the P1, N290, P400 and Nc were analyzed through a 3 × 2 
repeated-measures ANCOVA with trustworthiness level 

Figure 2. The topographic map shows the electrodes included in the fronto-central cluster (31, 53, 54, 55, 61, 62, 78, 79, 80, 86) and 
those included in the left (65, 66, 69, 70) and right (83, 84, 89, 90) occipital-temporal clusters used to obtain peak latency and mean 
amplitude values for each of the three analyzed ERP components (N170, C1, and LPP) (a). Waveform plots depict grand-average ERPs 
for the N170, LPP and C1 components recorded in adult participants in response to the Low Trustworthy face (solid dark line), the 
Neutral face (dashed line), and the High Trustworthy face (solid gray line) (b).
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(N, LT, HT) and hemisphere (left, right) as within-subjects 
factors, and Negative Affect and Surgency scores derived 
from the IBQ-R entered as covariates. Post-hoc tests with 
Bonferroni correction were computed to further analyze 
interaction effects. Interaction effects involving personal
ity (BFQ) or temperamental (IBQ-R) scores were followed 
up through correlational analyses (Pearson) including 
BFQ or IBQ-R subscale scores and ERP difference scores 
computed by subtracting mean amplitude or peak 
latency values for the N face from those recorded for 
the HT face (i.e., HT-N) and for the LT face (i.e., LT-N), 
and values for the LT face from those recorded for the HT 
face (i.e., HT-LT). Only significant correlations are reported. 
Effect sizes are reported as partial eta-square (η2) for 
ANCOVAs and Cohen’s d for Pearson correlations.

Results

Adults
N170 latency. We did not observe any significant effects 
of the considered variables on the latency of the N170 
(all ps > .24).

N170 Amplitude. The ANCOVA revealed a significant 
main effect of trustworthiness level, F(2,34) = 8.05, 
p = .001, η2

p= .32. Post-hoc tests revealed a significant 
difference in the amplitude of the N170 in response to 
the LT face compared to the N face, p < .001. More 
interestingly, a test of within-subjects contrasts showed 
a significant linear trend, F(1,17) = 26.99, p < .001, η2

p= 
.614, with the LT face evoking a larger response 

Figure 3. The topographic map shows the electrodes included in the left and right fronto-central (left: 36, 30, 37, 42; right: 87, 93, 104, 
105) and occipital-temporal (left: 65, 66, 69, 70; right: 3, 84, 89, 90) clusters used to obtain peak latency and mean amplitude values for 
each of the four analyzed ERP components (P1, N290, P400, and Nc) (a). Waveform plots depicting grand-average ERPs for the P1, 
N290, P400 and Nc components recorded in infants in response to the Low Trustworthy face (solid dark line), the Neutral face (dashed 
line), and the High Trustworthy face (solid gray line) (b).
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(M = −.30, SD = .50) compared to the HT (M = −.06, 
SD = .40) and the N (M = .37, SD = .46) faces (Figure 2). 
No other main effect or interaction attained significance 
(all ps > .16).

C1 latency. No significant effects were observed (all ps 
> .63).

C1 Amplitude. The ANCOVA showed a significant main 
effect of trustworthiness level, F(2,34) = 4.82, p = .019, 
η2

p= .22. A test of within-subjects contrasts revealed 

a significant linear trend, F(1,17) = 5.506, p = .031, η2
p= 

.25, with a larger C1 for N (M = −.28, SD = .20) compared 
to HT (M = −.22, SD = .18) and LT (M = .19, SD = .25) faces 
(Figure 2). No other main effect or interaction was sig
nificant (all ps > .416).

LPP Latency. No significant effects were observed (all 
ps > .327).

LPP Amplitude. We found a significant main effect of 
trustworthiness level, F(2,34) = 3.47, p = .042η2

p= .17, and 
a significant linear trend, F(1,17) = 8.02, p = .012, η2

p= .32, 
due to LPP amplitude decreasing linearly across the LT 
(M = 1.97, SD = .26), the HT (M = 1.60, SD = .25), and the 
N (M = 1.46, SD = .20) conditions (Figure 2). No other 
effects attained significance (all ps > .767).

Infants
P1 Latency. The ANCOVA revealed a significant 

Trustworthiness level x Hemisphere interaction, F 
(2,36) = 4.02, p = .027, η2

p= .183, which however proved 
spurious, as no post-hoc comparisons attained signifi
cance (all ps > .177). No other main effect or interaction 
attained significance (all ps > .461).

P1 Amplitude. There were no significant main effects 
or interaction (all ps > .050).

N290 Latency. The ANCOVA revealed no significant 
main effects or interaction (all ps > .388).

N290 Amplitude. We found a significant interaction 
between hemisphere and Negative Affect, F 
(1,18) = 20.30, p < .001, η2

p= .530, which was explored 
through correlational analyses performed separately for 
each hemisphere. The analyses showed a negative cor
relation between N290 amplitudes over the left hemi
sphere and Negative Affect scores, r = −0.33, p = .031, 
d = −.70 (Figure 3). No other main effects or interactions 
attained significance (all ps > .112).

P400 Latency. The ANCOVA revealed a significant 
interaction between trustworthiness level and 
Surgency scores, F(2,36) = 3.96, p = .028, η2

p= .18, which 
was followed up through correlational analyses. 
Surgency scores were positively correlated with ERP 
differential scores obtained from subtracting latency 
values for the LT face from those recorded for the HT 
face (i.e., HT-LT), r = 0.49, p = .024, d = 1.12, indicating 
that infants who scored higher on Surgency showed 

faster P400 responses to the LT relative to the HT face. 
We also found a significant Trustworthiness level 
x Hemisphere interaction, F(2,36) = 3.386, p = .045, η2

p = 
.158, which was due to the P400 peaking earlier for the 
HT face (M = 367.17, SD = 7.15) than to the N face (M = 
378.76, SD = 6.32) in the left hemisphere only, p = .038 
(Figure 3).

P400 Amplitude. The ANCOVA revealed a significant 
Trustworthiness level x Hemisphere interaction, F(2,36) = 
3.36, p = .046,η2

p= .16. Post-hoc comparisons showed 
larger amplitude in response to the LT face over the 
left (M = 21.45, SD = 2.36) than the right (M = 16.55, 
SD = 2.31), hemisphere, p = .011 (Figure 3). No other 
main effect or interaction attained significance (all 
ps > .085).

Nc Latency. The ANCOVA revealed a significant inter
action between trustworthiness level and Negative 
Affect, F(2,36) = 4.37, p = .024, η2

p= .20. Correlational 
analysis showed a significant negative association 
between the latency of the Nc evoked by the N face 
with respect to the HT face (i.e., HT-N) and Negative 
Affect scores, r = – 0.54, p = .012, d = −1.28 (Figure 4), 
indicating that infants who scored higher on Negative 
Affect showed faster Nc responses to the HT face rela
tive to the N face. There was also a significant 
Trustworthiness level x Hemisphere interaction, F 
(2,36) = 4.25, p = .022, η2

p= .19. Post-hoc tests showed 
that the Nc peaked earlier in response to the HT face 
(M = 404.93, SD = 9.73) than to the N face (M = 445.12, 
SD = 11.52), p = .004, and the LT face (M = 439.29, SD = 
12.06), p = .027, over the left hemisphere, and that Nc 
latency to the HT face was faster over the left (M = 
404.93, SD =9.73) than over the right (M =425.74, SD = 
9.42) hemisphere, p = 0.023 (Figure 3). No other main 
effects or interactions attained significance (all 
ps > .14).

Nc Amplitude. The ANCOVA revealed no significant 
effects (all ps > .08).

Summary of the ERP results

Adults ERP data provided evidence for a maximal ampli
tude of the N170 and the LPP in response to the LT face 
compared to the HT and N faces. Also, C1 amplitude for 
the LT face was smaller than for the HT and N face.

Infants ERP data provided evidence for a left- 
lateralized latency advantage for the HT face at the 
level of the P400 and the attentional Nc, which both 
peaked earlier for the HT than for the N and/or the LT 
face over the left hemisphere. Also, interindividual varia
tions in the latency of both components in response to 
variations in trustworthiness intensity were associated 
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with temperamental traits in the form of faster P400 
responses to LT faces in more extraverted infants, and 
faster Nc responses to the HT face in infants who score 
higher on negative affectivity.

Study 2 – Preferential Looking Task

Materials and methods

Participants
Twenty-eight 6-month-old infants were invited to parti
cipate in the study. One infant was excluded from the 
analyses due to fussiness, leading to a final sample of N = 
27 (11 males, M age = 217.89 days; SD = 9.45 days; range: 
200–231 days). All infants were born full-term with a nor
mal weight at birth (> 2.250 g), and Caucasian. Sample 
size was based on prior research on infants’ visual 

preference based on facial cues to trustworthiness (e.g., 
Jessen & Grossmann, 2016, 2019; Sakuta et al., 2018). 
Participants’ recruitment followed the same method 
described for Study 1; parents gave their written 
informed consent before the start of the testing session. 
The protocol was carried out in accordance with the 
ethical standards of the Declaration of Helsinki and was 
approved by the ethics committee of the University of 
Milano-Bicocca.

Stimuli
Stimuli consisted of the uncropped version of the three 
N, LT and HT colored faces used in Study 1 (Figure 5). 
Uncropped stimuli were used to maximize the ecological 
validity of the face images so as to stimulate infants’ 
preferential looking responses.

Figure 4. Correlation plots depicting the positive relationship between Surgency scores and the P400 latency evoked by the LT face 
expressed through the HT minus LT differential scores (i.e., faster P400 latencies to the LT face were associated with higher Surgency 
scores) (a) and the negative association between Negative Affective scores and Nc latency responses to the HT face expressed through 
the HT minus N differential scores (i.e., faster Nc latencies to the HT face associated with higher Negative Affect scores) (b).

Figure 5. The three pairs of stimuli presented to the infants in the Visual preference task of Study 2, and the percentage of time spent 
looking at each stimulus in the pairs (i.e., Pairwise preference score).
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Procedure
Infants were tested using a standard preferential-looking 
paradigm (Fantz, 1958) within the same setting used in 
Study 1. The parent was blind to the hypothesis of the 
study and was instructed to remain silent and keep the 
baby aligned with the monitor’ midline. All infants 
viewed one 10-s bilateral presentation of three stimulus 
pairs, for a total of three trials. The three pairs were 
obtained by all the possible pairwise combinations of 
the three faces: Pair 1 consisted of the HT and LT stimuli, 
Pair 2 consisted of the LT and the N stimuli, and Pair 3 
consisted of the HT and the N stimuli (Figure 4). The 
three pairs were shown in a random order, with the 
constraint that, because each face image appeared 
twice on the screen, its left/right position on the screen 
was reversed between the first and the second presenta
tion. Trial presentation order, as well as the initial left/ 
right position of the stimuli, was counterbalanced across 
participants. Each trial started with an animation that 
attracted the infant’s attention to the center of the 
screen; as soon as the infant looked at the screen, the 
experimenter started the trial. Videotapes of eye move
ments were recorded and subsequently analyzed frame 
by frame to the nearest 40 ms by a coder who was blind 
to the specific position of the stimuli on each trial. The 
coder recorded, separately for each stimulus and each 
trial, the total fixation time (i.e., the sum of all fixations). 
As a measure of inter-observer reliability (Pearson corre
lation), total fixation duration on each of the three sti
muli was recorded by a second coder for all of the infants 
in the sample; the level of agreement was high, r = .988, 
p < .001, d = 12.79.

Results
In order to test whether infants showed a preference for 
one of the stimuli presented, three different preference 
scores were computed using three different procedures 
adopted in previous studies: a pairwise preference score 
(after Macchi Cassia, Kuefner, Westerlund & Nelson, 
2006), a total preference score (after Jessen & 
Grossmann, 2016), and a delta preference score (after 
Montoya et al., 2017). Statistical analyses are reported for 
each of the three preference scores.

Pairwise preference score. The pairwise preference 
score provides a measure of infants’ preference for one 
stimulus within each pair. Following the procedure 
adopted by Macchi Cassia et al. (2006), each infant’s 
looking time at the HT stimulus for Pairs 1 and 3 and at 
the N stimulus for Pair 2 was divided by the total time 
spent looking at either stimuli within the pair and then 
converted into a percentage score. Hence, only scores 

significantly above 50% indicated a preference for the 
considered stimuli. Three preliminary one-way Analyses 
of Variance (ANOVAs), one for each of the considered 
stimuli (HT in Pair 1, HT in Pair 3, and N in Pair 2), 
performed on the pairwise preference scores manifested 
by the three groups of infants who saw Pair 1, 2 or 3 as 
the first stimulus pair within the testing session, revealed 
that order of pair presentation did not affect infants’ 
visual preferences (all ps > .56). To determine whether 
the pairwise preference scores differed from chance 
(50%) for each of the three stimulus pairs, three separate 
one-sample t-tests were applied, one for each pair. All 
tests failed to reach significance (all ps > .61), suggesting 
that infants’ looking times were equally distributed 
across the stimuli within each pair (Figure 5).

Total preference score. The total preference score pro
vides a measure of infants’ overall preference for the N, 
the HT, and the LT stimuli across the two trials in which 
they are presented. Following the procedure adopted by 
Jessen and Grossmann (2016), total looking time for 
each of the three stimuli was obtained by summing the 
time spent looking at each stimulus across the two trials 
in which it was presented (Pairs 1 and 3 for the HT 
stimulus, Pairs 1 and 2 for the LT stimulus, and Pairs 2 
and 3 for the N stimulus), and subsequently divided by 
the overall total time spent looking at all stimuli across 
the three trials and converted into a percentage score. 
A repeated-measure ANOVA with trustworthiness level 
(N, LT, HT) as the within-subjects factor proved non- 
significant, F(2,52) = .041, p = . 96, η2

p = .002, indicating 
that none of the three stimuli preferentially attracted 
infants’ attention across trials (N: M = .33, SD = .09; LT: 
M = .34, SD = .09; HT: M = .33, SD = .08).

Delta preference score. The delta preference score 
measures the magnitude of infants’ preference for one 
of the stimuli within each pair. Following the procedure 
adopted in Montoya et al. (2017), for each infant and for 
each pair we computed the difference between the time 
spent looking at one stimulus and the time spent look
ing at the other, and divided the obtained delta by the 
total fixation time on both stimuli within the pair. 
Specifically, the delta was computed by subtracting 
looking time on the LT stimulus from the time spent 
looking at the HT stimulus for Pair 1, by subtracting 
looking time on the LT stimulus from looking time on 
the N stimulus for Pair 2, and by subtracting looking time 
on the N stimulus from looking time on the HT stimulus 
for Pair 3. A repeated-measure ANOVA with Pair (Pair 1, 
Pair2, Pair 3) as the within-subjects factor proved non- 
significant, F(2,52) = .07, p = .89, η2

p= .003, indicating 
once again that none of the three stimuli elicited 
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a preferential visual response, irrespective of the stimu
lus with which it was paired (Pair 1: M = −.033, SD = .37; 
LT: M = −.001, SD = .38; HT: M = −.04, SD = .41).

General Discussion

The aim of the current study was to investigate whether 
infants are sensitive to those physical cues embedded in 
real-life face images that drive adults’ trustworthiness 
judgments at an age, i.e., 7 months, when they show 
sensitivity to other social cues from real face images, like 
those signaling emotional states (see Hoehl, 2013). 
Infants’ sensitivity was investigated both electrophysio
logically (Study 1) and behaviorally (Study 2) by measur
ing the extent to which the ERP and the visual 
preference responses elicited by realistic face images 
perceived by adults as laying at the center or the 
extremes of a trustworthiness continuum differ. In 
order to verify the suitability of the realistic face stimuli 
used in the current study to replicate prior electrophy
siological evidence, Study 1 included also a group of 
adult participants, whose Event-Related Potentials 
(ERPs) in response to the N, LT and the HT faces were 
measured using the same exact procedure adopted with 
infants.

Adults’ data replicated previous reports of enhanced 
electrophysiological responses to untrustworthy compu
ter-generated faces taken from the Todorov set. In line 
with earlier evidence (Dzhelyova et al., 2012; Lischke 
et al., 2018; Marzi et al., 2014; Yang et al., 2011), the 
amplitude of the N170 and the LPP components was 
maximal in response to the LT face compared to the HT 
and N faces. Also, ERP data replicated earlier reports of 
a smaller C1 for the LT face than for the HT and N faces 
(Yang et al., 2011). These findings indicate that the 
subtle physical cues to trustworthiness embedded in 
our realistic face stimuli were extracted already at the 
structural encoding stage of face processing and trig
gered allocation of differential attentional resources in 
the same way as the cues available in the computer- 
generated faces, which our validation studies proved to 
be more easily distinguishable. In contrast, we failed to 
replicate earlier reports of individual differences related 
to personality traits in behavioral (Baccolo & Macchi 
Cassia, 2019) and neural (Meconi et al., 2014) sensitivity 
to trustworthiness intensity in computer-generated 
faces.

The infant ERP data replicated and extended earlier 
demonstrations by Jessen and Grossmann (2016) that 
the infants’ brain responds to variations in trustworthi
ness intensity expressed by computer-generated faces. 
The latency of the perceptual P400 and the attentional 
Nc over the left hemisphere differentiated between the 

HT face and the N face, and in case of the Nc, also 
between the HT and LT face, while no effects were 
observed at the level of the N290. In the infant face- 
processing literature, both the P400 and Nc components 
are more frequently reported to show amplitude, as 
compared to latency, modulations in response to facial 
familiarity (e.g., De Haan & Nelson, 1997) or emotional 
expressions (e.g., Van den Boomen et al., 2019), and this 
is also true for facial trustworthiness, which modulated 
the amplitude of the P400 and the Nc in Jessen and 
Grossmann (2016) study. This is potentially due to inter
individual variability in peak amplitude localization, 
which is known to be high in infants (Luck, 2005). 
Nonetheless, there are reports of shorter P400 latency 
for familiar (i.e., human) than unfamiliar (i.e., monkey) 
face categories in 12-month-old infants (Halit et al., 
2003). Similarly, shorter P400 and Nc latencies were 
found for positively valenced (i.e., happy) expressions 
compared to angry and fearful faces within the 
first year of life (Quadrelli et al., 2019; Rigato et al., 
2010). In light of this evidence, the observed latency 
advantage for the HT face in the current study might 
reflect an overall processing advantage for the most 
positively valenced face in our trustworthiness 
continuum.

Indeed, the direction of the modulation of the P400 
and Nc responses observed in the current study differs 
from that reported by Jessen and Grossmann (2016), 
who found amplitude advantages in favor of the 
Neutral faces with respect to the High Trustworthy 
faces at the level of the P400, and with respect to both 
the High and the Low Trustworthy faces at the level of 
the Nc. The authors noted that their findings were incon
gruent with previous reports of a larger P400 for proso
cial agents (Gredebäck et al., 2015), which, instead, is in 
line with our finding of shorter P400 latencies for the HT 
face. Indeed, sensitivity to variance in facial trustworthi
ness is associated with approach behavior in older chil
dren (Ewing et al., 2015), and impacts object processing 
in infants (Jessen & Grossmann, 2019). It is thus possible 
that the processing advantage enjoyed by the realistic 
HT face in our data was triggered by the positively 
valenced and friendly approach signaled by this stimu
lus, which was possibly less evident in the computer- 
generated stimuli used in Jessen and Grossmann (2016) 
study.

Another aspect of the current ERP findings that differs 
from those reported by Jessen and Grossmann (2016) 
relates to the lateralization of the modulatory effect of 
trustworthiness on the P400 and Nc parameters. The 
P400 and Nc latency advantage for the HT face in the 
current study was left-lateralized, while the P400 ampli
tude enhancement for the Neutral faces in Jessen and 
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Grossmann (2016) study was right-lateralized. The find
ing that the processing advantage for the HT was evi
dent in the left hemisphere only in our data is partially 
congruent with the Approach-Withdrawal model of 
emotion-related Prefrontal Cortex (PFC) asymmetries 
(Davidson, 1983). This model proposes that stimuli that 
trigger approach and withdrawal behaviors are latera
lized, respectively, to the left and the right hemispheres, 
as they selectively engage the left or the right PFC, 
whose activation is likely reflected in the infant atten
tional Nc (e.g., Ravicz et al., 2015). Within this view, 
infants’ reiterate experience with positively valenced 
faces in their social environment (Vaish et al., 2008) 
might lead them to perceive the HT face as appealing, 
thus recruiting the left PFC, which is part of 
a motivational system that facilitates approach beha
viors to engaging stimuli. Again, it is possible that the 
positive valence of the High Trustworthy face was more 
evident in the realistic stimuli used in the current study 
than in the computer-generated faces used in Jessen 
and Grossmann (2016) study.

Indeed, prior work with adults suggests that artificial 
face stimuli may not fully tap face processing expertise 
(e.g., Crookes et al., 2015). Our validation study showed 
that variance in trustworthiness intensity was perceived 
similarly in the computer-generated faces from the 
Todorov set used in Jessen and Grossmann (2016) and 
in the realistic set used in the current study. However, 
the overall distinguishability of the faces was higher for 
the Todorov set than for the realistic set, and the LT face 
was perceived as more trustworthy than the Low 
Trustworthy faces from the Todorov set. Assuming that 
adults’ data can be generalized to infants, these differ
ences might have contributed to the dissimilarities in the 
direction of the effects reported in the current and the 
Jessen and Grossmann (2016) study. Interestingly, these 
same stimulus differences did not affect adults’ ERP data, 
which replicated earlier reports of neural sensitivity to 
face trustworthiness using Todorov stimuli (e.g., Marzi 
et al., 2014). This might result from adults’ stronger 
expertise with faces, which allowed them to easily gen
eralize neural responses to variance in trustworthiness 
across different face-types. It should also be considered 
that, as reported in the Supplementary information S1, 
faces from our realistic set were perceived as more simi
lar to one another than those from the Todorov set. 
Future studies using realistic faces that display more 
intense cues to trustworthiness than those displayed 
by our stimuli might disentangle whether the present 
results diverge from those obtained by Jessen and 
Grossmann (2016) with computer-generated faces due 
to the intensity of the trustworthiness cues displayed by 
the stimuli in the two studies. The fact that our stimuli 

were more difficult to discriminate compared to the 
artificial stimuli from the Todorov set may also explain 
why, in Study 2, we failed to replicate Jessen and 
Grossmann (2016) finding of a looking time preference 
for the High Trustworthy face over the Neutral and the 
Untrustworthy faces. Indeed, we did not observe any 
clear pattern in preferential looking behavior, with 
infants looking equally longer to the HT, the N, and the 
LT faces. Discrepancies between ERP measures and look
ing times in a preferential-looking task are not uncom
mon in the infant literature (e.g, De Haan & Nelson, 1997; 
Macchi Cassia et al., 2006), and were also present in 
Jessen and Grossmann (2016) study, where infants’ look
ing behavior, but not ERP responses, differentiated 
between faces at the two extremes of the trustworthi
ness continuum (i.e., Low Trustworthy vs. High 
Trustworthy). Such discrepancies are prone to different 
possible interpretations, including methodological dif
ferences in stimulus duration (i.e., longer simultaneous 
presentations in the behavioral task vs. several individual 
short presentations of each stimulus in the ERP task). The 
pattern of results obtained in the current study, where 
ERP measures were more sensitive to the stimulus 
manipulation as compared to behavioral measures, 
may likely indicate that, at 7 months, the attunement 
of neural circuitries to the subtle physical cues that sup
port trustworthiness perception in our stimuli does not 
translate yet into overt attention responses. 
Nonetheless, it should also be noted that the absence 
of a significant preferential response in our preferential 
looking task does not imply that infants were incapable 
of discriminating among the stimuli. This could be rather 
explored in future studies by testing infants in a visual 
habituation task.

Another aspect of the current findings that extends 
earlier demonstration of neural sensitivity to facial cues 
to trustworthiness, in addition to the use of realistic face 
images, is the observed association between ERP mea
sures of such sensitivity and infants’ temperamental 
traits, which highlights the presence of individual differ
ences in the processing of trustworthiness cues. We 
observed faster P400 responses to the LT face with 
respect to the HT face in more extraverted infants (i.e., 
those who scored higher on Surgency), and faster Nc 
responses to the HT face with respect to the N face in 
infants who have more frequently experience negative 
feelings and difficulty being soothed (i.e., those who 
scored higher on Negative Affect).

Although at first sight not overlapping, these findings 
seem to depict a coherent picture consistent with the 
literature. The P400 processing advantage for the LT face 
in extraverted infants resonates well with prior longitu
dinal reports of associations between an attention bias 
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to thread-related facial expressions at 7 months and the 
development of responsivity to others’ needs and emo
tional distress at 24 and 48 months (Peltola et al., 2018). 
At the same time, this result also matches with the 
finding that, at the level of the Nc, attention allocation 
to the HT face was faster in infants showing higher levels 
of withdrawal and distress to limitation. Indeed, both 
findings point to a pattern in which low levels of activity 
and positive emotions and high levels of withdrawal and 
emotional distress are associated with enhanced neural 
processing of the more trustworthy face. High levels of 
early life stress are known to be associated with atten
tional avoidance of negative and threat-related stimuli 
like fearful facial expressions (Humphreys et al., 2016) or 
anger (e.g, Nelson et al., 2013). Although we did not find 
direct evidence of avoidance-like responses to the LT 
face in association to high Negative Affect scores, our 
findings may possibly suggest that infants who experi
ence higher levels of distress are faster to allocate atten
tion to the HT face as a coping strategy to reduce the 
distress that negatively valenced stimuli evoke in them 
(see In-Albon et al., 2010).

To sum up, current findings show that the infants’ 
brain distinguishes subtle differences between realistic 
face images that generate explicit trustworthiness judg
ments in adults, and that interindividual variations in 
neural sensitivity to these differences are associated 
with infants’ temperamental traits. These findings extend 
previous evidence obtained with computer-generated 
stimuli (Jessen & Grossmann, 2016) to more ecological, 
realistic stimuli. In light of data from our stimulus valida
tion showing that perceptual differences associated with 
variance in trustworthiness perception were less easily 
detectable (by adults) in the realistic stimuli used in the 
present study than in the artificial stimuli used in prior 
work, the present results indicate a very fine tuning of the 
perceptual mechanisms supporting recognition of social 
signals from faces at 7 months.

An important goal for future studies will be to test 
whether the present results would be replicated using 
male, as opposed to female, realistic faces. Indeed, the 
artificial faces from the Todorov set used by Jessen and 
Grossmann (2016) depicted male identities, and even if 
the number of studies investigating how face gender 
affects perceived trustworthiness are very limited, adults 
tend to evaluate female faces more positively than male 
faces in terms of first impressions (e.g., Sutherland et al., 
2015). It is therefore possible that face gender might have 
contributed as well to the dissimilarities between the 
current results and those reported by Jessen and 
Grossmann (2016). Future studies shall also test whether 
these results would hold under even more ecological 
conditions, for example, by using uncropped faces as 

stimuli, in which visible external features are preserved. 
Moreover, although our trustworthiness continuum was 
created by averaging different face identities precisely to 
reduce the influence of idiosyncratic morphologic fea
tures, the use of one single identity continuum in the 
current study might have still impacted the results, as 
facial morphology is known to influence perceptual judg
ments of emotions (e.g., El Zein & Grèzes, 2018) and 
personal traits (e.g., Todorov et al., 2015). Therefore, the 
use of a more variable set of stimuli including different 
averaged identities would allow testing for the strength 
and generalizability of the observed effects.
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