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Abstract
The present work investigates pupillary reactions induced by exposure to faces with different levels of trustworthiness. 
Participants’ (N = 69) pupillary changes were recorded while they viewed white male faces with a neutral expression varying 
on facial trustworthiness. Results suggest that reward processing and pupil mimicry are relevant mechanisms driving 
participants’ pupil reactions. However, when including both factors in one statistical model, pupil mimicry seems to be  
a stronger predictor than reward processing of participants’ pupil dilation. Results are discussed in light of pupillometry 
evidence.
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Evaluating whether people around us represent a threat for 
our own safety or, conversely, opportunities for friendly 
interactions, is a daily fundamental challenge with major 
implications for survival in social environments. Since we 
cannot access others’ intentions directly, we base the first 
impression of others on readily available cues, among which 
facial appearance plays a key role (Ro et al., 2001; Theeuwes 
& Van der Stigchel, 2006; Zebrowitz, 1997). People pro-
cess facial features quickly (Stewart et al., 2012; Willis & 
Todorov, 2006) and infer a wide range of information with 
a different degree of confidence and accuracy. For instance, 
sex, age and race are immediately perceived because their 
physical markers tend to be perceptually obvious (Bruce & 

Young, 2012). Other characteristics such as political orien-
tation, social class or sexual orientation are more difficult 
to infer as they are perceptually ambiguous (Alaei & Rule, 
2016; Rule et al., 2015; Tskhay & Rule, 2013). People also 
draw conclusions about others’ personality characteristics 
such as competence and trustworthiness based on facial 
appearance (Hassin & Trope, 2000; Todorov et al., 2015; 
Zebrowitz & Montepare, 2008).Trustworthiness evalua-
tion is one of the most relevant processes among face-based 
inferences (Oosterhof & Todorov, 2008) due to the evo-
lutionary importance of threat detection (Brambilla et al., 
2018, 2019b, 2021). Indeed, facial trustworthiness and threat 
are linked such that untrustworthy and trustworthy faces are 
perceived as threatening and beneficial, respectively. Thus, 
trustworthiness evaluation is made spontaneously (Klapper 
et al., 2016) after as little as 33 ms of exposure to a face 
(Todorov et al., 2009) and it highly correlates with overall 
facial evaluation (Oosterhof & Todorov, 2008). Moreover, 
such a quick evaluation of facial trustworthiness influences 
subsequent approach or avoidance behaviors (Slepian et al., 
2012) and a number of other social outcomes such as per-
sonnel selection, voting behavior and economic exchange 
(Duarte et al., 2012; Olivola et al., 2014). Facial trustwor-
thiness also influences penalty impositions and death sen-
tences despite the questionable accuracy of trustworthiness 
assumptions (Porter, ten Brinke, & Gustaw, 2010; Wilson 
& Rule, 2015, 2016).
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Over time, physiological and brain reactions to facial 
trustworthiness have caught the attention of researchers and 
several approaches have been used to study physiological 
and neural changes in response to trustworthy and untrust-
worthy faces (e.g., Dzhelyova et al., 2012; Freeman et al., 
2014; Jessen & Grossmann, 2019; Sakuta et al., 2018; Santos 
et al., 2016; Vecchiato et al., 2014). However, pupil reactions 
to facial trustworthiness are still largely unexplored even if 
facial trustworthiness seems to be the most relevant dimen-
sion in face perception (Todorov et al., 2008). Thus, here 
we aim at testing how such a relevant dimension and pupil 
size relate. The belief that light intensity is solely responsible 
for pupil changes has since long known to be false, support-
ing the notion that cognitive and affective states can induce 
changes in pupil size (Andreassi, 2000). Pupil size reflects 
arousal and is an index of norepinephrine levels in the brain. 
As arousal is blind to valence, pupil size can reflect nega-
tive arousal, but also positive arousal (e.g., Chiew & Braver, 
2014; Kret et al., 2013). Increases in pupil size have also been 
related to two distinct temporal components characterizing 
reward processing: dilations have been recorded during both 
the anticipation of a rewarding stimulus as well as during the 
reward presentation (Bijleveld et al., 2009; Chiew & Braver, 
2013; Kostandyan et al., 2018; Massar et al., 2018; Rudebeck 
et al., 2014; Schneider et al., 2018). Thus, considering that 
the pupil also dilates as a consequence of reward processing, 
we expect that facial trustworthiness triggers the very same 
physiological outcome. Indeed, two recent meta-analyses 
have clearly demonstrated trustworthiness’ rewarding nature 
(Mende-Siedlecki et al., 2013; Santos et al., 2016), due to the 
emotion overgeneralization which makes trustworthy faces 
resemble happy expressions (Oosterhoff & Todorov, 2009) 
and, as such, links them to the reward system just as a happy 
expression would (Seidel et al., 2010; Todorov, 2008).

Another potential mechanism underlying pupil dilation may 
be pupil mimicry. When looking into the dilating pupils of an 
interaction partner, chances are high that ones’ own pupils start 
to dilate, too. Pupil mimicry -namely the process in which the 
perceiver’s pupil size unconsciously mimics the partner’s pupil 
size- might affect pupil reactions independently of the partners’ 
trustworthiness. Pupil mimicry, also dubbed pupillary conta-
gion, has been shown in human adults (Carsten et al., 2019; 
Harrison et al., 2006), infants (Aktar et al., 2020; Fawcett et al., 
2016) and chimpanzees (Kret, Tomonaga & Matsuzawa, 2014). 
Although it is largely an unconscious phenomenon that works 
outside of our awareness, it is not insensitive to contextual fac-
tors. For example, it works particularly well between members 
of the same species (Kret, Tomonaga & Matsuzawa, 2014), is 
influenced by group membership (Kret, Fischer & de Dreu, 
2016; Derksen et al., 2018, but see Aktar et al., 2018), by inter-
action context (van Breen et al., 2018) and breaks down when 
looking at squared versus round pupils (Fawcett et al., 2017; 
Hess, 1975). Pupil mimicry is a disputed phenomenon and the 

evidence of its occurrence and significance are mixed (e.g., 
Derksen et al., 2018; Mathôt & Naber, 2018; see also Mattavelli 
et al., in press), For instance, it has been argued that pupil mim-
icry reflects, at least in part, a pupil light response. Indeed, some 
studies reveal that pupil mimicry did not emerge when static 
images equalized for luminance are taken into account. Rather, 
in line with the idea that pupil mimicry would be the result of 
brightness perception, pupil mimicry would emerge only when 
salient, dynamic stimuli that attract enough attention to the lumi-
nance in the eye region are taken into account (Derksen et al., 
2018). Thus, some works suggest that pupil mimicry is not seem 
a social phenomenon as it seems to be an artefact induced by 
light response (see Derksen et al, 2018). In sharp contrast, other 
studies show a consistence emergence of pupil mimicry in social 
interactions that may help partners to take each other perspective 
more readily, guiding social decisions such as to trust someone 
or not (Kret & de Dreu, 2017; Kret, et al., 2015; Prochazkova 
et al., 2018b). Thus, pupil mimicry seems an area of investi-
gation that needs to be investigated more in depth in order to 
capture its emergence and (more importantly) the underlying 
mechanisms. Nevertheless, research suggests that pupil mimicry 
may be responsible for making the partner appear more similar, 
and therefore more trustworthy in the eyes of the observers. 
Indeed, although several facial traits increase trustworthiness 
-such as wide chins, high inner margins of the eyebrows, pro-
nounced cheekbones and shallow nose sellion (Todorov et al., 
2008)- the eye region is found to be especially attractive and 
salient starting from early infancy (Farroni et al., 2002), so much 
so that people continuously make eye-contact to probe other’s 
inner states and intentions (Kret, 2015; Prochazkova & Kret, 
2017; Senju & Johnson, 2009). In a pioneering work by Hess 
(1965), he demonstrated that images depicting women with 
large pupils are preferred to women with small ones (see also 
Kret, 2018). Latest developments expanded such insight proving 
that people ascribe positive traits -including trustworthiness- to 
partners with dilated pupils (Kret & De Dreu, 2017; Kret et al., 
2015; Van Breen et al., 2018; Weibel et al., 2010).

Thus, reward processing and pupil mimicry might be 
two mechanisms that could trigger pupil dilation. On the 
one hand, trustworthy faces are expected to increase par-
ticipants’ pupil size through their inherent reward value; on 
the other hand, observers’ pupil size is expected to uncon-
sciously mimic partners’ pupil size, regardless of partners’ 
trustworthiness.

Experiment

Participants and Sample Size Justification

Considering the lack of previous literature on the use of 
pupillometry in investigating trustworthiness perception, 
effect size estimations needed for an a-priori power analysis 
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are missing. Therefore, we relied on a sample size from 
previous pupillometry studies. We took a previous work 
from Kret, Fischer and De Dreu as a benchmark (Kret et al., 
2015), in which 69 participants were enrolled. The current 
study included the same number of participants (46 female, 
23 male; Mage = 22.62 years, SDage = 4.6, range = 18–57). 
It is worth noting that, compared to the benchmark experi-
ment, our study has a simpler experimental design with 
fewer within-subjects conditions. The study was approved 
by the local ethics committee and was conducted according 
to the guidelines that were established in the Declaration of 
Helsinki.

Methods

Procedure

Upon arrival, participants were informed about the task they 
were about to perform and provided written informed con-
sent. The experiment was run in a dim, quiet room where 
participants were seated in front of the computer with their 
head placed on a chinrest at 60 cm from the screen. Stimuli 
were displayed using E-Prime software (Psychology Soft-
ware Tools, Pittsburgh, PA) and pupil size measures were 
taken using an EyeLink1000 eye-tracker at a 1000 Hz sam-
pling rate, which returns pupil diameter as arbitrary units, 
(i.e., an integer number) (see the Eyelink 1000 User manual, 
SR Research Ltd., 2009). A 5-point calibration has been 
performed before recording.

The task was a simple passive viewing task in which par-
ticipants were asked to look at the screen. Every trial was 
composed of two images, a mask presented for 750 ms and 
the stimulus face (Fig. 1) presented for 5000 ms. For every 
stimulus, a different mask was generated by scrambling the 
pixels of the very same stimulus in order to match its lumi-
nance. The mask was introduced to limit the pupillary light 
reflex. By presenting light-matched masks, we allowed the 

eye to calibrate pupil dilation to the light coming from the 
screen so that when the stimulus appeared, pupil dilation 
due to light conditions was minimized. After the stimulus 
presentation, a blank screen was presented for 500 ms to 
separate different trials.

Materials

The stimuli presented were faces from the Chicago Face 
Database (Ma et al., 2015) with a manually cropped back-
ground such that only the neck, face, and hair were visible. 
We selected only white male stimuli with a neutral expres-
sion in order to keep the experimental design as simple as 
possible. In total we employed 93 stimuli. All stimuli were 
previously rated by 1087 independent raters, along several 
perception dimensions on a 1–7 Likert scale (1 = Not at all, 
7 = Extremely) (see, Ma et al., 2015). By aggregating the 
average rating for each stimulus, this procedure provided 
normative trustworthiness rating ranging from 2.31 to 3.92 
(M = 3.21, SD = 0.34) in our subset of face stimuli (Fig. 2).

Results

Preliminary Analysis: Data Preparation

Pupil diameter was sampled with a rate of 1000 Hz per 
eye and was later down-sampled to 100-ms time slots. 
Gaps smaller than 250 ms were interpolated, and a 10th-
order low-pass Butterworth filter was used to smooth 
the data in the PhysioData Toolbox v0.3.5 (Kret & Sjak-
Shie, 2019). If the pupil sizes from two subsequent time 
points exceeded two standard deviations from the mean 
change between two subsequent datapoint (which is for 
instance the case with a spike), those datapoints were 
excluded from the analysis (Kret & Sjak-Shie, 2019). For 
each trial, we averaged 500 ms prior to stimulus onset, 

Fig. 1   A visual representation of an experimental trial
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which served as a baseline measure. Pupil responses were 
then expressed as differences from baseline by subtract-
ing the mean baseline pupillary diameter from all subse-
quent samples. Following standard procedures, the first 2 
secs after stimulus onset were discarded from the analysis 
(Bradley et al., 2008).

The data was analyzed in a general linear mixed mul-
tilevel model with trials nested within participants. A 
random intercept for participant was added.

Main Analysis

A general linear mixed model with normative trustwor-
thiness, as fixed factor and pupil size as dependent vari-
able, showed that the more trustworthy the observed face, 
the larger participants’ pupil size F(1.197,595) = 4.623, 
p = 0.032 (Fig. 3A). This analytical procedure was preferred 
to properly model the multilevel structure of our data pre-
senting multiple observations for every subject, which we 
included as a random factor (Robinson, 1991).

In a subsequent analysis, we investigated whether the 
pupil size of the stimulus face influenced participants’ pupil 
size. As expected, the larger the size of the stimulus pupils, 
the larger participants’ own pupils F(1.197,595) = 5.812, 
p = 0.016 (Fig. 3B). Possibly, the stimulus materials with 
larger pupil sizes had lower luminance levels and as a conse-
quence caused participants’ pupils to dilate. In order to rule 
out this alternative explanation, we ran a correlational analy-
sis between stimulus’ pupil size and stimulus’ luminance. 
The result of this test was not significant, r(91) = -0.052, 
p = 0.618, suggesting thus that the effect of stimulus’ pupil 
size on participants’ pupil size was not driven by luminance. 
Moreover, we excluded that trustworthy stimuli’s luminance 
did cause participants’ pupils dilation as those stimuli were 
not brighter than untrustworthy ones. Indeed, we found no 
significant correlation between trustworthiness and lumi-
nance r(91) = -0.0967, p = 0.356.

Previous work has shown that large pupils in an observed 
other make observers trust that person better (Brambilla 
et  al. 2019a; Kret & De Dreu, 2017; Kret et  al., 2015; 
Prochazkova et al., 2018a, b). In order to investigate whether 
this was also the case in the current study, we ran a Pear-
son correlation between stimulus’ pupil size and normative 
trustworthiness, which showed a trend towards significance 
in the expected direction r(91) = 0.200, p = 0.055 (Table 1).

This correlation was weak enough to allow us to include 
both factors in a general linear mixed model to predict par-
ticipants’ pupil size again, without risking multicollinear-
ity issues. Thus, we ran this model with both trustworthi-
ness and stimulus’ pupil size included as fixed factors and 
observed that stimulus’ pupil size remained a significant 
predictor of participants’ pupil size F(1.197,595) = 4.099, 
p = 0.043, while trustworthiness showed a trend towards 
significance F(1.197,595) = 2.910, p = 0.088.

Fig. 2   Examples of (A) untrustworthy and (B) trustworthy faces

Fig. 3   Participants' average 
pupil's reaction as function of 
(A) stimulus’ trustworthiness, 
and (B) stimulus' pupil size
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General Discussion

The current study aimed at integrating research on pupil 
dilation with that on how facial trustworthiness is processed; 
indeed, we tested how participants’ pupils react to trustwor-
thy and untrustworthy faces. In doing so, we displayed the 
whole face stimulus without any manipulation of facial 
features, pupil size included. Thus, we did not compro-
mise the database’s ecological validity, specifically on the 
trustworthiness dimension. In doing so, we focused on the 
trustworthiness dimension as it is considered the primary 
dimension of face perception in functional terms (Todorov, 
2008; Todorov et al., 2009, 2015) and therefore, the one 
theoretically most likely to inform post-perception decisions 
and behaviors. However, to preserve the ecological value of 
our stimuli set, we could not control or balance the natural 
variation of other traits that may drive participants’ reactions 
to the stimuli and may correlate or co-occur with trustwor-
thiness (Ma et al., 2015).

In short, among the many facial features which determine 
the impression, pupil size represents a readily available cue 
which is unconsciously processed during interactions (e.g., 
Brambilla et al., 2019a). As a result, partners with large 
pupils are preferred to partners with small ones (Hess, 1965) 
to the extent that people ascribe positive traits -including 
trustworthiness- to partners with dilated pupils and nega-
tive attributes -including untrustworthiness- to those with 
constricted pupils (Kret & De Dreu, 2017; Kret et al., 2015). 
Thus, it is reasonable to assume that the pupil size of each 
stimulus we adopted in the present work affected the trust-
worthiness evaluation during the validation of the database, 
as much as any other dimension rated.

Our early analysis were consistent with our expecta-
tions. In fact, the results suggested a positive relationship 
between trustworthy targets and participants’ pupil dilations. 
The more trustworthy the stimulus, the more participants’ 
pupils dilated after seeing it, supporting the literature on 
the rewarding nature of trustworthy faces and their potential 
in evoking positive arousal. However, this turned out not 
to be the complete story. A subsequent analysis, aimed to 
investigate pupil mimicry, has yielded a more comprehen-
sive and complex framework. In fact, after controlling for the 

stimulus-related pupil size, it seems that this variable may 
even better explain the perceiver’s pupil reactions.

Recently, the adaptive function of pupil mimicry has 
received a growing amount of attention. Indeed, it has been 
suggested that pupil mimicry might contribute to promoting 
swift communication of inner states and in making shared 
understanding easy (Kret et al., 2014), an adaptive process 
that, in turn, would lead to remarkable social outcomes. For 
instance, among the consequences on social interactions, 
fostering trust is a well-known result widely reported (e.g., 
Kret & de Dreu, 2017; Kret et al., 2015), which adds to 
overall effects of interpersonal mimicry (e.g., increasing 
affiliation and liking, reducing prejudice) (Hove & Risen, 
2009; Inzlicht et al., 2012; Lakin et al., 2003). Thus, feel-
ing the reflection of the inner states of others, might be the 
means through which mimicry leads to trust formation and 
affiliation. This hypothesis was explored by Prochazkova 
et al., (2018a, 2018b), whose neuroimaging study showed 
that pupil mimicry was associated with increased activa-
tion of the Theory of Mind network (ToM; Saxe & Wexler, 
2005; Schaafsma et al., 2015), the well-known system sup-
porting social understanding (Saxe & Wexler, 2005; Schurz 
et al., 2014). Interestingly, the authors pointed out that pupil 
mimicry activated a neural pattern similar to those observed 
during explicit forms of mirroring implicated in social cog-
nition (e.g., Rizzolatti & Sinigaglia, 2016), strengthening 
the assumption that others’ behavioral intentions may also 
be inferred through pupil mimicry. Our findings seem to sup-
port and extend previous pupil mimicry research by showing 
that such mechanism could be also present in a face percep-
tion scenario, where the partners’ whole face is available 
with naturally occurring pupil sizes. Indeed, previous studies 
focusing on pupil mimicry have usually cropped images to 
only show the eye region or manipulated partners’ pupil size 
(e.g., Kret et al., 2015; Prochazkova et al., 2018a, b) and thus 
our work might represent a further confirmation in a more 
natural scenario.

To conclude, our analysis suggests that both reward 
processing and pupil mimicry are significant mechanisms 
driving participants’ pupil reactions. However, among 
the two, pupil mimicry seems to be the strongest predic-
tor when we include the two of them in one statistical 

Table 1   Correlation matrix reporting correlations (lower diagonal) 
and p-values (upper diagonal) among stimulus features and partici-
pant’s pupillary reactions. Relationships involving participant’s pupil-

lary reactions (marked with *) were computed relying on multi-level 
repeated measures correlations to avoid averaging and violating the 
observations’ independence assumption

Trustworthiness Pupil Pupil (participant) Luminance

Trustworthiness .055 .041* .36
Pupil .20  < .0001* .62
Pupil (participant) .03* .07*  < .0001*
Luminance -.10 -.05 -.17*
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model. Importantly, considering that stimulus’ pupil size 
and normative trustworthiness show very little correlation 
-although the correlation was weak enough to allow our 
analysis- further investigation are required. Specifically, 
future developments might manipulate stimulus pupil size 
and stimulus facial trustworthiness independently to pull 
apart their independent effects on person perception and 
pupillary reactions. In this work, we consciously opted 
for a simple design to achieve the study's purposes, as 
a pupil size manipulation would have necessarily meant 
questioning how faces would have been perceived along 
the trustworthiness dimension, compromising the database 
validity.

In addition, future works might shed some light on the 
time course of pupil dilation. The first 2 secs after stimu-
lus onset have been discarded following standard proce-
dures (Bradley et al., 2008) and our investigation was more 
focused on the trial level than the continuous fluctuation 
of pupil size. Future developments could fill the gap by 
investigating the divergence of pupil dilation over time 
as a function of the displayed stimuli, or during real life 
dyadic interactions. While pupil mimicry seems to mostly 
explain the results of our experiment, different time sen-
sitive mechanisms might be implicated. For example, 
combining research suggesting arousal-evoking nature of 
untrustworthy faces (Aguado et al., 2011) and emotional 
arousal influence on pupil reactions (Bradley et al., 2008), 
one can wonder if untrustworthy stimuli and their potential 
fear-evoking nature- might affect observers’ pupil dilation 
in earlier stages of the pupil track. Such an effect clearly 
did not occur in the time window we analyzed and, consist-
ent with the hypothesis, positive arousal and pupil mim-
icry prevailed. However, we must consider that perhaps our 
stimuli may have not been perceived threatening enough. 
Thus, future research could investigate pupillary fluctua-
tion over time to point out any impact on pupil size of other 
mechanisms in different stages.

Further investigations should also investigate the pattern 
of results we reported by including a wider range of facial 
stimuli. Due to the necessity to keep the experimental design 
as simple as possible, we settled on pictures depicting only 
white men. Thus, further studies may consider how gender 
or social categorization (ingroup vs. outgroup faces; Birkás 
et al., 2014) may moderate the results we found. Despite 
these limitations, our study reached the goal of enriching the 
literature on trustworthiness perception by using pupillom-
etry analysis and providing a unique and highly ecological 
setting in which implications and overlaps of several mecha-
nisms on social perception and physiological outcomes are 
discussed comprehensively.
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