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ABSTRACT

Facial trustworthiness impressions critically shape our everyday social interactions. While previous
research has predominantly considered trustworthiness impressions to be stable over time,
preliminary evidence has shown that they are affected by visual adaptation, such that long
exposure to (un)trustworthy-looking faces biases the perception of following faces in the
opposite trustworthiness direction. Here, by employing a visual adaptation task across two
experiments, we sought further evidence that trustworthiness impressions are shaped by the
temporal context. In Experiment 1, we investigated whether visual adaptation affect
trustworthiness judgements and found evidence of robust negative face aftereffect. In
Experiment 2, we focused our investigation on whether emotional expressions, key cues
involved in trait impressions, influence trustworthiness and dominance impressions. We found
that adaptation to anti-expressions, which were expected to bias subsequent neutral faces to
resemble the original expression (happiness, anger, and fear), significantly modulated
subsequent evaluations of trustworthiness and dominance. This result confirms the critical role
of emotion perception in trait evaluations. Importantly, using anti-expressions minimised
semantic adaptation, thus highlighting the perceptual nature of this aftereffect. Taken together,
our findings confirm that temporal context shapes trustworthiness impressions, by showing that
visual adaptation affects trust judgements, and that past emotional expressions influence
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following impressions of trustworthiness and dominance.

Faces are a rich source of information exploited to
form sophisticated expectations about others’ per-
sonality traits along many social dimensions, includ-
ing trustworthiness (Todorov et al, 2015).
Judgements of trustworthiness are one of the most
important dimensions at the core of face evaluation
(Lin et al., 2021; Oosterhof & Todorov, 2008; Suther-
land et al., 2013), rapidly formed even after 33 ms of
exposure to a new face (Todorov et al., 2009; Willis
& Todorov, 2006). While there is little evidence that
supports the accuracy of these impressions, people
tend to broadly agree on how trustworthy a face
looks (Foo et al., 2021; Korva et al., 2013). Importantly,
these critical evaluations influence various socio-cog-
nitive processes, including attention processes
(Todorov et al., 2009; Willis & Todorov, 2006) and

memory processes (Giraudier et al, 2022; Wendt
et al,, 2019; Weymar et al., 2019). As a consequence,
trustworthiness  impressions  strongly influence
people’s social behaviour (Olivola et al., 2014) in a per-
vasive way in many aspects of society. For example,
their consequences extend to legal contexts (Flowe,
2012; Wilson & Rule, 2015), employment settings
(Linke et al., 2016; Rule & Ambady, 2008), and roman-
tic relationships (Appel et al., 2023; South Palomares &
Young, 2017; Valentine et al., 2020).

Although the majority of research has focused on
the facial properties that make a face appear trust-
worthy (Sutherland & Young, 2022; Todorov et al.,
2015), previous research has devoted considerably
less attention to understanding the ways in which
the spatio-temporal context we are immersed
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everyday influences face perception of social traits. In
general, perception of many face attributes, such as
identity and emotional expressions, are dynamically
influenced and distorted by the spatial (Carragher
et al, 2021; Haberman & Whitney, 2009; Marini
et al,, 2023) and temporal context in which faces are
embedded. In the temporal domain, research has
shown that face perception is modulated by visual
adaptation for a variety of face attributes, including
identity (Afraz & Cavanagh, 2008; Leopold et al,
2001; Rhodes et al., 2015), gender (Afraz & Cavanagh,
2009; Webster et al., 2004) and emotional expression
(Burton et al., 2016; Fox & Barton, 2007; Skinner &
Benton, 2010; Webster & Macleod, 2011). Adaptation
occurs when long exposure to a stimulus results in a
negative aftereffect that biases the perception of a
subsequent stimulus away from the characteristics
of the previously seen one (Burton et al, 2016;
Clifford & Rhodes, 2005; Rhodes et al., 2007; Webster
& Macleod, 2011). A classic example of visual adap-
tation is the motion aftereffect demonstrated by the
“waterfall illusion”, where prolonged exposure to
downward motion biases the perception of sub-
sequently viewed static stimuli to appear as if
moving upward (Anstis et al., 1998). Visual adaptation
was proposed to play a significant role in contributing
to efficient coding and discrimination of stimuli
(Anstis et al., 1998; Bosten et al., 2022a; Rhodes &
Leopold, 2011; Webster & Macleod, 2011). After long
exposure to a stimulus, our visual system adapts to
the prevailing inputs in the visual environment and
flexibly “recalibrates” with a shift in perception,
increasing sensitivity to changes in the scene (Kohn,
2007).

Since trustworthiness impressions rely on visual
cues associated with identity, gender, and emotional
expressions (Oosterhof & Todorov, 2009; Sutherland
et al,, 2015), which are affected by visual adaptation
(Burton et al, 2016; Rhodes & Jeffery, 2006; Swe
et al., 2019; Yang et al,, 2011), it is reasonable to
expect that visual adaptation would, in turn, affect
trustworthiness impressions. However, surprisingly
only three studies to date have investigated visual
adaptation to facial trustworthiness (Engell et al.,
2010; Keefe et al, 2013; Wincenciak et al., 2013).
Keefe et al. (2013) examined the impact of adaptation
to different levels of facial trustworthiness on sensi-
tivity to trustworthiness discrimination and found
that adaptation to a face improved observers’

sensitivity only when assessing subsequent test
faces with a similar trustworthiness level. However,
this study did not directly test for trustworthiness
negative aftereffect. Wincenciak et al. (2013) did
directly test for negative trustworthiness aftereffects
by studying the influence of prior exposure to trust-
worthy and untrustworthy faces on the perception
of subsequent test faces, and found evidence consist-
ent with classic visual adaptation for trustworthiness.
Intriguingly, gender effects were found, where female
but not male observers exhibited a trustworthiness
aftereffect. However, issues with the levels of trust-
worthiness of the face stimuli displayed (as the
authors acknowledged), may have resulted in a
weaker aftereffect, which eventually could have con-
tributed to the observed gender differences.
Although these two studies provide the first tentative
evidence that observers can show adaptation effects
for trustworthiness impressions, the mixed results
and methodological limitations present make trust-
worthiness negative aftereffect still not as clearly
defined and well-replicated as other face attributes.
Importantly, faces in everyday life are often pre-
ceded by many other facial cues that could
influence trustworthiness impressions, such as
emotional expressions, one of the key underlying
cues of trustworthiness impressions (Oosterhof &
Todorov, 2008). In this respect, the emotion overge-
neralization hypothesis argues that people infer per-
sonality traits from subtle resemblance to emotional
expressions in the structural aspects of individual
faces (Montepare & Dobish, 2003; Olivola et al,
2014; Zebrowitz, 1997). According to this hypothesis,
faces with a neutral expression that subtly resemble a
positive emotional expression, such as with high sur-
prised-looking eyebrows and an upward shaped
mouth, are perceived as trustworthy, while those
resembling negative emotions, for example with
lower eyebrows, are seen as untrustworthy (Flowe,
2012; Oosterhof & Todorov, 2008; Todorov et al.,
2015). Accordingly, Engell et al. (2010) showed that
visual adaptation to facial emotion expressions can
bias the perception of facial trustworthiness,
suggesting shared common mechanisms engaged
during the perception of happy and angry
expressions and trustworthiness. However, observers
in the Engell et al. (2010) study adapted to easily
recognizable emotional expression, which carry sub-
stantial semantic content, and this could have



potentially induced a semantic aftereffect. Indeed,
when the adapting stimuli have a semantic connec-
tion to the test stimuli, aftereffects may also arise
from the semantic meaning of the adapting stimuli
(Hills et al., 2010; Javadi et al., 2012; Ghuman et al.,
2010). For example, according to Javadi et al. (2012),
adapting to images associated with femininity, such
as lipstick and earrings, can bias the perception of
gender ambiguous faces to appear as masculine,
showing that negative aftereffect can be driven by a
semantic representation, not just by a perceptual one.

Although these three studies constitute important
first steps in the investigation of the influence of
visual adaptation on trustworthiness impressions,
they provide limited and somewhat inconclusive evi-
dence. Here, through two studies with complemen-
tary paradigms we considered again the ways in
which the temporal context influences face trust-
worthiness impressions. In Experiment 1, we investi-
gated whether observers adapt to trustworthiness
cues and exhibit trustworthiness negative aftereffect
through an experimental paradigm typical of visual
adaptation studies (Burton et al, 2016; Leopold
et al.,, 2001; Webster & MacLin, 1999), in order to repli-
cate Wincenciak et al. (2013)’s findings (and also over-
come some of their experimental limitations).

In Experiment 2, we investigated the importance of
subtle visual cues to emotion as contributors to
impressions of trustworthiness and gather further evi-
dence of how impressions of facial trustworthiness
might be influenced by preceding faces in the tem-
poral context. Specifically, we tested whether
emotional expressions in the past might bias the per-
ception of trustworthiness in subsequently seen faces.
Experiment 2 intended to, first, replicate Engell et al.
(2010)'s findings on a common mechanism of
emotion perception and trustworthiness impressions,
and, second, to minimise the contribution of semantic
adaptation by using anti-expressions (i.e., stimuli that
elicit an expression aftereffect in the direction of the
original expression; Ghuman et al, 2010; Javadi
et al, 2012). Third, Experiment 2 aimed to expand
the investigation to dominance judgements as a com-
parison, given that they represent another important
face judgement potentially sharing similar emotional
perceptual underlying cues (Witham et al., 2021) and
they are considered orthogonal to trustworthiness
impressions (Oosterhof & Todorov, 2008), thus
different results after adaptation to anti-expressions
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would indicate a difference in the specific emotions
involved in each face impression.

Experiment 1: Negative aftereffect in face
trustworthiness perception

Experiment 1 investigates whether visual adaptation
influences trustworthiness impressions. For this
purpose, we assessed whether adaptation to
(un)trustworthy-looking computer-generated faces
biases the perception of trustworthiness in sub-
sequent neutral faces. Importantly, this experiment
intended to replicate Wincenciak et al. (2013)’s
findings, while also addressing limitations of previous
studies with three main experimental improvements.
First, we used FaceGen computer-generated faces
(Todorov et al, 2013a), which are meticulously
designed to vary primarily in trustworthiness appear-
ance, thereby increasing confidence that any effects
reflect adaptation of visual representations of trust-
worthiness. Second, to better quantify the absolute
adaptation effect, we included a “no adaptation”
control condition which was not expected to
influence subsequent face appearance, for a baseline
comparison. Third, we inserted an attention check
task to encourage consistent attention to the adapt-
ing faces, given that attention can modulate the
strength of face aftereffects (Rhodes et al., 2011a).
Though trustworthiness impressions may be rapidly
and automatically formed, suggesting attention may
not be critical to forming trust impressions (Lischke
et al,, 2017; Swe et al., 2022; Willis & Todorov, 2006)
it is nevertheless possible that adaptation effects
could be influenced by attention. We predicted that
if visual adaptation occurs for facial trustworthiness
impressions, long exposure to an untrustworthy face
would make the subsequent test face appear more
trustworthy. Conversely, adaptation to a trustworthy
looking face would result in the subsequent test
face being perceived as less trustworthy.

Methods
Participants

A total of fifty-three participants were recruited via
multiple recruitment channels, including the SONA
recruitment system, social media advertisements,
and word-of-mouth.  Undergraduate  students
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received course credits for their participation. The
study was approved by the Ethics Committee of the
School of Psychology of the University of Aberdeen
(UK) and participants gave informed consent at the
beginning of the study.

The final sample included fifty-two participants (34
females, 15 males, 3 others; M =24.3 years, s.d.=5.2
years). As exclusion criteria, we removed from the
analysis participants that had an error rate greater
than 30% in an attentional control task (Asterisk
task; see task description in Procedure section),
suggesting a lack of attention on the adaptor (one
participant removed). Additionally, we planned to
exclude from the analysis any participants who
reported problems or distractions during the exper-
iment or misunderstanding of the instructions
(asked at the end of the experiment), but none
reported any issue. An a-priori power run on
G*Power analysis guided the determination of the
sample size, indicating that 52 participants would
yield adequate statistical power (80%) to detect an
effect size of .40 at a standard alpha error probability
of .05 in a one sample t-test. This power calculation
was based on the effect size observed in previous
studies that utilised a similar paradigm to investigate
facial  perception, including trustworthiness
impressions (Burton et al., 2016: d =.40; Wincenciak
et al, 2013: n§=.13). The study was pre-registered
on https://osf.io/2xb8k/.

Apparatus and stimuli

The experiment was programmed and run using Psy-
choPy (https://psychopy.org/, Peirce et al., 2019), on a
21" Sony TRINITRON CPD-G500 monitor. Stimuli were
viewed from 50 cm with the head placed in a chin
rest.

The adaptor and test stimuli consisted of compu-
ter-generated emotionally neutral faces that varied
in their trustworthiness levels. These face images
were obtained from the FaceGen computer-gener-
ated images dataset, and they were specifically
designed to have both trustworthy and untrust-
worthy appearance (Todorov et al., 2013a). From
this dataset, we selected three facial identities, each
of which had a trustworthy and untrustworthy
looking version. We controlled for low-level features
by using the SHINE toolbox (Willenbockel et al.,
2010) in MATLAB R2017b (The MathWorks, USA).

Specifically, this process involved converting the
images to grayscale and adjusting their luminance
and contrast to match the average values of all
images in the dataset. Given that previous research
suggested that gender interacts with trustworthiness
(Sutherland et al.,, 2015), only male-looking faces were
selected. For the same reason, the trustworthy-
looking versions of each identity were set at +1 stan-
dard deviation on the trustworthiness dimension,
while the untrustworthy-looking morphed faces
were set at —3 standard deviations on the trustworthi-
ness dimension. This asymmetric approach was
implemented to prevent the faces from becoming
increasingly androgynous and feminine as trust-
worthiness levels increased, as a very trustworthy
appearance can make a male face appear more femi-
nine (Marini et al., 2023; Oliveira et al., 2020a).

A face morph continuum of five grayscale images
was created between the initial trustworthy and
untrustworthy versions of each identity by using Psy-
chomorph software (Sutherland et al,, 2017; Tidde-
man et al., 2001). The continuum was composed of
six different trustworthiness strengths (0%, 25%,
50%, 75%, 100%), ranging from the least trustworthy
(0% trustworthy, labelled as 1) and the most trust-
worthy (100% trustworthy, labelled as 5) morphed
face (Figure 1A). All stimuli were presented on a
grey background.

The adapting stimuli, which were the untrust-
worthy or trustworthy extreme faces of the morph
continuum, were displayed at size of approximately
12.68° in height and 9.7° in width. The test face
stimuli, which were the trustworthy neutral faces in
the middle of the morph continuum (50% morph),
were presented in the same location but at 80% of
the size of the adaptors to minimize the influence of
retinotopic adaptation between adaptors and test
faces.

Procedure

On each trial, an adaptor face was displayed for 8000
ms. In one-third of the trials (see Figure 1B for the trial
sequence), the adaptor face was very untrustworthy
looking (morph 0% trustworthy), while in one-third
of the trials the adaptor face was very trustworthy
looking (morph 100% trustworthy). The identity of
the face was randomly selected between the three
possible identities and remained the same between
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A) Morph continuum
LOW HIGH
trustworthy face - trustworthy face

Identity A '

Identity B '

Identity C '

Morph 1 <— 25% <— 50% <—> 75% <— Morph5

B) Trial sequence

Adaptor face

Blank ISI
Test face

8000 ms
150 ms

200 ms
B ' Trustworthy face

B ' Untrustworthy face
- ' Grey oval

150 ms

Until response

Asterisk task

Rating task
ating tas (50% trials)

Until response

time

Figure 1. (A) Stimuli. Three pairs of computer-generated FaceGen images with extreme trustworthiness levels (Todorov et al., 2013a)
were used to create a morph continuum of 5 faces ranging from the least trustworthy morphed face (labelled as 1) and the most
trustworthy morphed face (labelled as 5). (B) Trial sequence of Experiment 1. On each trial participants saw an adaptor face (8000
ms) followed by a 150 ms ISI and a test face (200 ms). Following an 150 ms ISI, participants were asked to indicate on a rating
scale from 1 to 10 the level of trustworthiness of the test face and whether they saw or not an asterisk during the adaptor face

exposure.

adaptor and test face. For the remaining one-third of
the trials, a grey oval replaced the face on the screen.
This served as a control “no adaptation” condition
since adapting to the oval was not expected to
influence subsequent face perception.

Following a 150 ms inter-stimulus-interval (ISl), a
test face was presented for 200 ms. In two-thirds of
the trials, the test face was neutral in trustworthiness
appearance, displaying neither untrustworthiness nor
trustworthiness (morph 50% trustworthy). In the



6 (&) F.MARINIETAL.

remaining one-third of the trials, the test face was a
slightly untrustworthy (morph 25% trustworthy) or
slightly trustworthy (morph 75% trustworthy) face.
We included these trials to maintain participant
motivation, as continuously rating the same three
test faces may have led to reduced attention, but
they were not included in the analysis. After a 150
ms ISI following the test face presentation, partici-
pants were instructed to rate the perceived trust-
worthiness of the test face by clicking on a Likert
scale ranging from 1 (not trustworthy at all) to 10
(extremely trustworthy).

The durations of both the adaptor (8000 ms) and
test face stimuli (200 ms) were selected based on pre-
vious research (Burton et al, 2016; Witham et al.,
2021) which showed these timings produced robust
face aftereffects. Trials were presented in random
order to prevent adaptation to any specific adaptor
condition. To ensure that participants were attentive
to the adapting stimuli throughout the entire
exposure duration, we also included an attention
check. Specifically, in 50% of the trials, an asterisk
appeared for 150 ms on the adaptor face at
1850 ms, 3850 ms, or 5850 ms into the adaptation
period. Next, at the end of each trial participants
were asked to indicate whether they saw the asterisk
by clicking the left (yes) or right (no) arrow key. Partici-
pants whose error rate exceeded 30% were excluded
from the analysis as it indicated a lack of attention to
the adapting stimuli. Three blocks of 18 trials were
presented, resulting in 54 trials in total per observer.
Among these, thirty-six trials had the average
morph face as the test face, with twelve trials allo-
cated per adaptor condition (untrustworthy, trust-
worthy, grey-oval).

Before starting the experiment, participants were
familiarised with the stimuli and the task. First, they
completed 10 practice trials in which they saw a ran-
domly selected face from the continuum for 400 ms
and were instructed to indicate the level of trust-
worthiness of the face on a 1-10 rating scale.
Second, they completed a training block of 10
example trials. The experiment took approximately
30 minutes to complete. At the end of the exper-
iment, participants were required to indicate
whether their data should be excluded for any
reason (e.g., experienced problems, misunderstand-
ing of the task instructions) by typing their response
(none reported any issues).

Results and discussion
Adaptation impact scores

To quantify the difference in perception of trust-
worthiness following adaptation to untrustworthy or
trustworthy faces versus adaptation to a grey oval,
we calculated individual adaptation impact scores.
These scores were obtained by subtracting the
average trustworthiness ratings in the grey-oval adap-
tation condition from the average trustworthiness
ratings in the other two adaptor conditions (untrust-
worthy, trustworthy) respectively, for each participant
(see Supplementary Materials for the raw average
scores for each adaptation condition). First, to see
the general adaptation impact on participants’
ratings, we flipped the sign of the adaptation
impact scores in the “trustworthy adaptor” condition
in order to ignore the direction of the effect, and
then we averaged together the adaptation impact
scores for both the trustworthy and untrustworthy
adaptor conditions (Figure 2B). Positive values indi-
cate a negative repulsive bias away from the pre-
viously seen trustworthiness level (i.e., negative
aftereffect), zero value indicates no bias, and negative
values indicate a positive attractive bias toward the
past (i.e., positive serial dependence; Manassi et al.,
2023; Manassi & Whitney, 2022; Marini et al., 2024).
A stronger aftereffect is indicated by a greater devi-
ation from zero. As predicted, almost all participants
showed a negative aftereffect (Mean: 1+ts.e: 0.1).
Moreover, a one-sample t-tests against zero showed
that the trend was significantly different from zero (t
(51)=14.03, p<.001, d=1.94). Second, we investi-
gated the difference in the impact of adaptation
between the trustworthy and untrustworthy adap-
tation conditions. For this analysis, the adaptation
impact scores for each adaptor condition were calcu-
lated (Figure 2A). Here positive values indicate higher
trustworthiness ratings for test faces following adap-
tation to the adaptor face compared to the grey-
oval, while negative values indicated lower trust-
worthiness ratings compared to the grey-oval. On
average, participants showed a negative adaptation
impact score in the trust adaptor face condition
(-0.5+s.e: 0.1), whereas a positive adaptation
impact score was found in the untrust adaptor face
condition (Mean: 1.4 + s.e: 0.1). These results suggest
that the test face was perceived as more untrust-
worthy after adaptation to trustworthy looking
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Experiment 1:
Negative Aftereffect in Face Trustworthiness

N =52
A) B) Q)
4
w0 N — i Negative aftereffect —— Linear regression line
o 2 & 1
a2 1 Ll 2
+ ®q | $ B
"LU) 1. Tﬁ;@ "3 11! 1 ,,\:r—-\a\
o | °q : ° C : 2 8
o s 2 2 0 0
c 1 - E 1
L -1q A wn-11, -1
g |V = |
B2z m_211 -2
(o] 2 \J
_2 -3]c —3 1 Positive serial dependence|—3
. *%% *%% o correlation =-0.28, p-value = .04
-4 -4 -4
0 5 10 15
Trustworthy Untrustworthy  Adaptation conditions Attention task performance

adaptor adaptor collapsed (error %)

Figure 2. Experiment 1 results. (A) For each participant, the average trustworthiness ratings for the control (grey oval) adaptor con-
dition were subtracted from the average trustworthiness ratings for the other two adaptor conditions (untrustworthy, trustworthy).
The group average aftereffect trustworthiness score is plotted on the y-axis. The adaptation conditions are plotted on the x-axis. Each
dot represents one participant. Error bars represent the standard error of the mean. Below each bar is indicated the aftereffect impact
scores significance level of difference from zero (p <.05 showed as *, p <.001 showed as ***, p <.01 showed as **) for each adap-
tation condition. Moreover, over the bars the comparison in strength of aftereffect across the different adaptation conditions is illus-
trated. (B) This bar graph shows for each participant the two adaptor conditions aftereffect impact scores collapsed together,
indicating the negative aftereffect bias magnitude. Error bars represent the standard error of the mean. The aftereffect impact
scores were significantly different from zero (p <.001, ***). (C) The collapsed aftereffect impact scores were correlated with the per-

centage of errors in the Asterisk attention task. The group average collapsed is plotted on the y-axis, whereas the performance in the

attention task is plotted on the x-axis. A linear regression line is plotted in green on the data.

adaptors and more trustworthy after adaptation to
untrustworthy looking adaptors.

To establish whether there was a significant after-
effect for each adaptor condition separately, we ran
two one-sample t-tests against zero. Both the trust-
worthy adaptation condition (t(51) =—4.93, p <.001,
d =0.33) and the untrustworthy adaptation condition
(t(51)=10.24, p<.001, d =—-0.68) adaptation impact
scores were significantly different from zero, indicat-
ing that the adaptors biased trustworthiness ratings
in the predicted directions (i.e, away from the
adaptors).

Finally, to test whether the absolute strength of the
adaptation effect was different across the two adap-
tation conditions (ignoring the direction of the
effect), a pairwise t-test was conducted by taking
into consideration the collapsed adaptation impact
score across both untrustworthy and trustworthy
adaptor conditions displayed in Figure 2B. This test
showed a significantly stronger aftereffect after

adaptation to untrustworthy compared to trust-
worthy faces (t(51) = —4.24, p <.001). We will return
to this finding in the General Discussion.

Attention check analysis

For each observer, we calculated the percentage of
error rate for the Asterisk task via the number of incor-
rect responses as an attention check (Figure 2C). All
the participants had an error rate lower than 30% in
the Asterisk task, except for one participant, which
was removed from the analysis. This suggests partici-
pants were consistently attending to the adapting
faces. However, though overall performance was
good, there was some variation among participants
on this task. Given this variation and evidence that
greater attention leads to stronger aftereffects for
adaptation to other face attributes, we investigated
the correlation between each participant’s adaptation
impact score and their error rate in the Asterisk task.
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For each participant, we averaged the absolute adap-
tation impact scores across both untrustworthy and
trustworthy adaptor conditions. We found a signifi-
cant negative correlation (r=-0.28, p=.04)
between the collapsed adaptation impact score and
the error percentage in the Asterisk task, suggesting
a potential link between attention and negative after-
effect strength (see General Discussion).

In Experiment 1, our results showed that long
exposure to untrustworthy or trustworthy looking
faces biased the perception of trustworthiness in sub-
sequent faces, consistent with a visual adaptation
pattern. Therefore, our study successfully replicated
the findings of Wincenciak et al. (2013) and addressed
limitations observed in prior research by using a
different set of stimuli and a different paradigm. By
using computer generated FaceGen images created
to vary in their level of trustworthiness we highly con-
trolled trustworthiness cues in the face stimuli. More-
over, by adding a “no adaptation” control condition as
a baseline comparison to better quantify the absolute
adaptation effect, and an attention control task to
measure participant’s attention to the stimuli during
the task we improved the experimental paradigm.
Interestingly, we found that participants who had a
better performance in the attention check task had
also a higher adaptation impact score, suggesting
an effect of attention on the adaptation strength
(Clifford & Rhodes, 2005; Rhodes et al, 2011a).
Taken together, our results not only replicated Win-
cenciak et al. (2013)’s findings, but due to methodo-
logical enhancements, strengthened existing
evidence for visual adaptation to trustworthiness.

Experiment 2: The role of emotional
expressions in subsequent trustworthiness
and dominance perception

Experiment 1 found that visual adaptation affects
trustworthiness impressions by using controlled
faces with neutral emotional expressions. Building
upon Experiment 1, Experiment 2 investigated how
emotional expressions in the visual history influence
subsequent trustworthiness impressions by using
more realistic faces not controlled for gender appear-
ance. Using a visual adaptation paradigm (Burton
et al., 2016), we investigated whether trustworthiness
judgements are driven by subtle facial cues resem-
bling emotion, in line with the emotional

overgeneralization hypothesis (Montepare & Dobish,
2003; Olivola et al., 2014; Zebrowitz, 1997). Exper-
iment 2 aimed to extend the findings of Engell et al.
(2010) on the influence of visual adaptation to
emotional expressions on trustworthiness percep-
tions while minimising semantic adaptation by
using anti-expressions as adaptors (faces with oppo-
site visual characteristics of the original correspond-
ing emotion, which bias neutral faces toward the
original expression; Juricevic & Webster, 2012;
Skinner & Benton, 2010). Importantly, anti-expressions
are not clearly identifiable expressions, thus they are
less likely to elicit semantic adaptation than the
readily identifiable emotional expressions used by
Engell et al. (2010). Therefore, an aftereffect for trust-
worthiness following adaptation to anti-expressions
would suggest that a common mechanism underlies
the visual representation of emotional expressions
and evaluations of trustworthiness, as predicted by
the emotion overgeneralisation hypothesis. Conver-
sely, if no significant aftereffect is observed following
adaptation to anti-expressions, this result would
suggest that Engell et al. (2010) findings could be
better explained by a semantic influence resulting
from adapting to recognized emotional expressions.
Three different anti-expressions (anti-happy, anti-
angry, anti-fearful) were used as adaptors to obtain
clear evidence that very subtle cues to emotion con-
tribute to trait impressions in specific ways, depend-
ing on the emotion observers adapted to.
Specifically, anti-happy and anti-angry expressions
were chosen because evaluations of trustworthiness
are argued to arise from an overgeneralisation of
facial cues resembling happy and angry expressions
(Oosterhof & Todorov, 2008; Oosterhof & Todorov,
2009). Thus, we predicted that a test face showing
an ambiguous expression (an average expression,
see Methods) would be perceived as more trust-
worthy after adaptation to anti-happy faces and less
trustworthy after adaptation to anti-anger faces. Con-
versely, anti-fear expression was chosen because
trustworthiness impressions are not believed to be
influenced by fearful emotional expressions. Regard-
ing this, Engell et al, 2010 found that adapting to
fear expressions resulted in no modulation of trust-
worthiness judgements in the following face. Thus,
we predicted adaptation to an anti-fear face would
make the subsequent face appear more fearful with
no anticipated influence on trustworthiness ratings.



Moreover, we also extended our investigation to
evaluations of facial dominance, which is a theoreti-
cally important facial judgement argued to account
for most of the variation in facial impressions along
with trustworthiness in models of first impressions
(Oosterhof & Todorov, 2008), and is considered to
be orthogonal to trustworthiness (Oosterhof &
Todorov, 2008). Therefore, a different impact of anti-
expressions on dominance ratings would indicate
that specific emotional expressions are involved in
each face trait impression. Moreover, testing domi-
nance is informative to understand whether the
effect of emotion adaptation extends to other face
traits or whether it is unique for trustworthiness.
Specifically, we predicted that an average expression
would be perceived as more dominant after adap-
tation to anti-happy and anti-angry faces and less
dominant after adaptation to anti-fear faces. Indeed,
evaluations of facial dominance had been positively
related to the perception of angry and happy
expressions, and negatively to fearful expressions in
neutral faces (Montepare & Dobish, 2003; Oosterhof
& Todorov, 2008; Said et al., 2009; Witham et al., 2021).

Methods
Participants

A total of sixty-nine participants took part in this
study at the School of Psychological Science at the
University of Western Australia, recruited via the
SONA system, social media advertisements, and
word-of-mouth. Undergraduate students exchanged
their participation for course credit. The study was
approved by the Human Research Ethics Office
of The University of Western Australia and partici-
pants gave informed consent at the beginning of
the study.

The final sample included 68 participants (48
females, M = 22.4 years, s.d. = 5.9 years). The exclusion
criteria were the same of Experiment 1. Here, we
excluded from the analysis one participant with an
error rate in the attention control task (asterisk task)
higher than 30%. Only white participants were
invited to participate to minimise an “own-race
advantage” for processing stimuli derived from
white faces (Meissner & Brigham, 2001; Skinner &
Benton, 2010; restricting participants was not
deemed necessary in Experiment 1 because the
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stimuli were computer-generated). Power calcu-
lations were based on the emotion aftereffect found
in Burton et al. 2016, (d =0.40). A larger sample size
was recruited in Experiment 2 compared to Exper-
iment 1 as the anticipated effect size was slightly
smaller (d =0.35), thus this approach was conserva-
tive. The power analysis indicated that 68 participants
would vyield adequate statistical power (80%) to
detect an effect size of .35 at a standard alpha error
probability of .05 in a one sample t-test.

Unfortunately, due to an oversight, this experiment
was not pre-registered. Nevertheless, we pre-
specified analyses and did not analyse data until the
data collection was complete.

Apparatus and stimuli

The experiment was run using SuperLab Pro Version
4, on a 21.5inch iMac.

Anti-expression adaptor faces

In this experiment the adaptor faces were anti-
expressions, which are faces characterised by visual
attributes that are the opposite of their correspond-
ing target expression (Figure 3A). Anti-expressions
are created by morphing a typical expression (e.g.,
happy) along a linear path through a central point
(i.e., the average expression) to a point equidistant
in the opposite direction (i.e., anti-happy) (Juricevic
& Webster, 2012; Skinner & Benton, 2010). When
used as adaptors, they bias the perception of the fol-
lowing face toward the original expression (Juricevic
& Webster, 2012; Skinner & Benton, 2010). For
instance, adapting to “anti-anger” biases perception
towards anger, making a subsequent neutral
expression look angrier. Importantly, these after-
effects are based on the visual representation of the
stimuli, as anti-expressions are not readily semanti-
cally identifiable as one of Ekman’s (1973) six basic
expressions (i.e., happy, angry, sad, fearful, disgust,
or surprise). These anti-expressions were adapted by
Burton et al. (2016) from Skinner and Benton’s
(2010) anti-expressions. In this experiment, anti-
happy, anti-anger, and anti-fear expressions were
used. These stimuli were originally created by first
averaging with Psychomorph (Sutherland et al,
2017; Tiddeman et al., 2001) 50 face images of 25
females and 25 males individuals posing for each
Ekman’s (1973) six basic expression, resulting in a
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A)
Emotional expression Anti-expression
Happy Anti-fear
Angry " Anti-angry
Fear ’ Anti-happy
B) Trial sequence in Experiments 2A and 2B
Anti-expression )
Adaptor face Trustworthiness task

Blank ISI

Test face

Blank ISI Asterisk task

(50% trials)

Dominance task

8000 ms
150 ms

' Anti-happy face
— ’ Anti-angry face
- ' Anti-fear face
L ' Grey oval

Figure 3. (A) The stimuli morph continuum ranged from the original facial expressions of happiness, anger and fear, an average face
emotionally neutral, and their corresponding anti-expressions. In this experiment, anti-expressions were used as adaptor faces,
whereas the average face was used as test face. (B) Trial sequence of Experiment 2 measuring trustworthiness and dominance. On
each trial an adaptor face was displayed for 8000 ms. After 150 ms IS, a test face appeared on the screen for 200 ms. Following
an ISl of 150 ms, participants were asked to rate the trustworthiness/dominance of the test face on a scale from 1 to 10. Subsequently,
participants indicated whether they observed an asterisk during the adaptor face exposure.

Until response

Until response

gender-neutral and identity-neutral facial expression  a point equidistant in the opposite direction. Stimuli
prototype. Second, each emotion prototype was  were exported at —100% strength so that their rela-
morphed linearly through the average expression to  tive distance from the emotionally neutral average



face (0%) was equal to the relative distance from the
original expression (100%).

All anti-expression stimuli were masked with a grey
oval to exclude non-facial cues. As a “no adaptation”
control condition, the same mask was applied to a
uniform grey oval with identical dimensions and
with an average colour derived from all three anti-
expressions. Adaptation to the grey oval served as a
comparison for trait judgements of the average
expression test face, as it was not expected to
influence perception of the test faces. The adapting
stimuli subtended a visual angle of approximately
12.68° high by 9.7° wide.

Test faces

The test face used was Burton et al. (2016) version of
Skinner and Benton’s (2010) “average expression”
face. To create this average expression face, seven
basic expressions (happiness, anger, fear, disgust,
sadness, surprise and neutral) taken from 50 individ-
ual faces (25 female and 25 male) were morphed
together to create seven separate average
expressions, which captured the key characteristics
of each expression while minimising any individual
peculiarities. Next, these seven average expressions
were merged to produce a single average expression
face. This resulting gender, identity, and expression
ambiguous face is known to be readily affected by
adaptation (Burton et al., 2015, p. 2016; Skinner &
Benton, 2010). The average expression was masked
with a grey oval to exclude non-facial cues and used
as the test face on two-thirds of the adaptation task
trials. The remaining one-third of the trials used
weak happy, angry, and fearful expressions as test
face. These weak expressions were generated by
taking a 100% emotional expression (e.g., happiness)
and morphing it 50% towards the average expression
face (0%).

Procedure

In Experiment 2, participants completed two adap-
tation tasks, rating test face trustworthiness and
face dominance. The procedure in Experiment 2 was
identical to that in Experiment 1, except that partici-
pants were exposed to one of the anti-expression
adaptors (anti-happy, anti-anger, anti-fear, grey-oval)
and were asked to rate either the trustworthiness or
dominance of the test face, depending on the task.
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The trials sequence for both trustworthiness and
dominance rating task are illustrated in Figure 3B.

The adaptation task included 48 trials, grouped
into four blocks of 12, with allocated breaks in
between each block. Of these 48 trials, 32 involved
trait (trustworthiness/dominance) ratings of the
average expression test face, with eight trials allo-
cated to each adaptor condition (anti-happy, anti-
anger, anti-fear, grey-oval). The remaining 16 trials uti-
lised a weak (happy, angry, or fearful) expression as
the test face, and ratings of these trials were not
analysed.

Finally, to check for the possibility of gender after-
effects (Pond et al.,, 2013a) participants were asked to
indicate the gender of the test face and the three anti-
adaptors (“male”, “female” or “unsure”). In contrast to
Experiment 1, where faces were highly controlled
computer-generated stimuli and we were able to
control the gender appearance of face stimuli, here
the composite faces utilised were created by morph-
ing real faces. Even if an equal number of male and
female faces were averaged in order to obtain
gender-neutral prototypes, it is not guaranteed that
they were perceived as gender neutral. Given that
previous research suggested that gender interacts
with trustworthiness (Sutherland et al., 2015), it is
important to understand how the ambiguous test
face and the three anti-expressions were categorised
as appearing male, female or ambiguous (unsure).

Before starting the experiment, participants famil-
iarised with the stimuli and the task in a manner
slightly different from Experiment 1. During the prac-
tice trials, participants rated the trustworthiness or
dominance of the average expression face and three
expressions (happy, angry, fear) presented at six
different strengths (10%, 20%, 30%, 40%, 50%, 60%)
on a scale of 1 to 10 (not-trustworthy - trustworthy
/ not-dominant — dominant). These stimuli were pre-
sented for 400 milliseconds in phase one and 200
milliseconds in phase two. Each phase comprised 19
trials, with one trial per expression at each strength,
presented in a pseudorandom order to prevent con-
secutive presentations of the same expression.

All participants completed the practice and adap-
tation tasks for trustworthiness first, before complet-
ing both tasks for dominance. We carried out
testing in this order because the trustworthiness
task was our primary measure of interest, and the
dominance task was secondary. Overall, the
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experiment required approximately 45 minutes to
complete.

Results and discussion
Effects of emotion adaptation on trustworthiness

Trustworthiness adaptation impact scores

To measure the influence of anti-expressions on trust-
worthiness ratings, we computed individual adap-
tation impact scores. To this purpose, the average
trustworthiness ratings for the grey-oval adaptor con-
dition were subtracted from the other three anti-
expression adaptor conditions for each participant,
resulting in three adaptation impact scores calculated
for each participant (Figure 4A). The raw average
scores for each adaptation condition are reported in
the Supplementary Materials. A positive score indi-
cated a higher trustworthy rating after adaptation to
the anti-expression, whereas a negative score indi-
cates a lower trustworthy rating after adaptation to
the anti-expression. A stronger aftereffect is indicated
by a greater deviation from zero. Consistent with
Engell et al. (2010), adapting to anti-happy increased
trustworthiness ratings (0.8 £+ s.e: 0.1), and adapting to
anti-anger decreased trustworthiness (—0.6 = s.e: 0.1).
Surprisingly, adapting to anti-fear resulted in a nega-
tive trustworthiness aftereffect (—0.5 +s.e: 0.1). One-
sample t-test against zero showed that the anti-
happy (t(67) =7.53, p <.001, d =—-0.58), anti-angry (t
(67)=-7.10, p<.001, d=.54), and anti-fear (t(67)=
—3.95, p<.001, d=.30) adaptation condition were
significantly different from zero, indicating an
influence of the adaptor on the average test face
ratings. Moreover, to test whether the absolute
strength of the adaptation effect was different
across the three adaptation conditions (ignoring the
direction of the effect), a pairwise t-test was con-
ducted by taking into consideration the adaptation
impact score across adaptor conditions. We applied
a Bonferroni correction for multiple comparisons (a
=.008). The t-test results showed that adaptation to
anti-happy faces led to significantly higher adaptation
impact score compared to the anti-fear condition
(t(67) = —1.93, p =.05), whereas no significant differ-
ence emerged between adaptation impact scores
after exposure to anti-happy and anti-angry (t(67) =
—1.63, p<.11) or anti-angry and anti-fear (t(67)=
—0.79, p = .42) adaptor faces.

Overall, these findings suggested that adapting to
anti-happy faces increased the perceived trustworthi-
ness in the test face, whereas adapting to anti-angry
and anti-fear faces decreased the perceived level of
trustworthiness in the test face. Contrary to the pre-
diction of no effect, adapting to anti-fear had a
smaller but still significant effect on trustworthiness,
leading to decreased trustworthiness ratings; we will
return to this point in the General Discussion.

Effects of emotion adaptation on dominance

Dominance adaptation impact scores

To measure the difference in dominance ratings fol-
lowing adaptation to an anti-expression versus adap-
tation to the grey-oval, we measured the individual
adaptation impact scores, with the same procedure
as in the trustworthiness rating task. The raw
average scores for each adaptation condition are
included in the Supplementary Materials. For each
participant, three adaptation impact scores were cal-
culated (Figure 4B). A positive score indicates a
higher dominance rating after adaptation to the
anti-expression and a negative score indicates a
lower dominance rating after adaptation to the anti-
expression. A stronger aftereffect is indicated by a
greater deviation from zero.

Consistent with predictions, adapting to anti-
happy (0.3 t£s.e: 0.1) and anti-anger (1.4 *s.e: 0.1)
increased perception of dominance, and adapting to
anti-fear (—1.1+s.e: 0.1) decreased perception of
dominance. These observations were confirmed by a
series of one-sample t-tests which showed that the
anti-happy (t(67) =3.25, p<.001, d=-0.24), anti-
angry (t(67)=13.27, p<.001, d=-1.01), and anti-
fear (t(67)=—-9.50, p <.001, d =.72) adaptation con-
dition were significantly different from zero, indicat-
ing an influence of the adaptor on the average test
face ratings. Moreover, to test whether the absolute
strength of the adaptation effect (ignoring the direc-
tion of the effect) was different across the three adap-
tation conditions we ran paired sample t-tests. We
applied a Bonferroni correction for multiple compari-
sons (a=.008). We found that adaptation to anti-
angry faces led to significantly higher adaptation
impact scores compared to adaptation to anti-
happy faces (t(67)=9.25, p<.001) and anti-fear
faces (t(67) = —2.20, p =.03), and that adaptation to
anti-fear faces resulted in significantly higher
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Experiment 2:
The Impact of Emotional Expression on Trust and Dominance Aftereffect
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Figure 4. Experiment 2 Results. Trustworthiness (A) and Dominance (B) Adaptation impact scores. For each participant, the average
trustworthiness/dominance ratings for the grey-oval adaptor condition were subtracted from the average trustworthiness/dominance
ratings for the other three anti-expression adaptor conditions (anti-happy, anti-angry, anti-fear). The group average aftereffect trust-
worthiness/dominance impact score is plotted on the y-axis. The adaptation conditions are plotted on the x-axis. Each dot represents
the score of one participant. Error bars represent the standard error of the mean. Below each bar is indicated the aftereffect impact
scores significance level of difference from zero (p < .05 showed as *, p <.001 showed as ***, p <.01 showed as **) for each adap-
tation condition. Moreover, over the bars the comparisons in strength of aftereffect across the different adaptation conditions are

illustrated.

adaptation impact scores compared to anti-happy
condition (t(67) =4.81, p <.001).

Overall, these findings suggest that adapting to
anti-angry and anti-happy faces increased dominance
in the test face, whereas adapting to anti-fear
decreased dominance.

Attention check analysis
To assess participants’ attention to the adaptor in the
trustworthiness and dominance rating task, we calcu-
lated the error rate percentage for the Asterisk task in
both tasks. All participants had an error rate lower
than 30% in the Asterisk task, except one participant
who was excluded from the analysis. Additionally,
we examined the correlation between each partici-
pant’s adaptation impact score and their error rate
in the Asterisk task, considering the adaptation
impact scores for all anti-expression adaptor con-
ditions (anti-happy, anti-angry, anti-fear) in the trust-
worthiness and dominance judgement rating task.
First, we calculated the correlation between all the
anti-expression  adaptor  conditions  collapsed

together (anti-happy, anti-angry, anti-fear, ignoring
the direction of the effect by flipping the aftereffect
scores for the anti-expressions with a negative
average, multiplying each value for —1) and the
error percentage in the Asterisk task for both the
trustworthiness and dominance judgement rating
tasks. We did not find any significant correlations for
the collapsed scores in either the trustworthiness
rating task (r=-0.17, p=.15) or the dominance
rating task (r=-0.17, p=.14). However, given that
adaption to anti-fear expressions was not predicted
to influence the test face ratings for trustworthiness
judgements we next collapsed just the values of
anti-happy and anti-angry adaptation conditions
(ignoring the direction of the effect), given these
two conditions were predicted to impact both trust-
worthiness and dominance ratings. We calculated
the correlation between the average collapsed adap-
tation impact scores and the error percentage in the
Asterisk task, and we found no significant correlation
for the collapsed scores neither in the trustworthiness
rating task (r=—0.18, p=.13) and in the dominance
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rating task (r = —0.23, p =.06). Next, we also compared
the single adaptation impact scores after adaptation
to each anti-expression. In the trustworthiness
rating task, we found a small significant correlation
(r=-0.26, p=.02) between the adaptation impact
scores for the anti-angry adaptation and the error per-
centage in the Asterisk task. However, the correlation
was not significant for the scores in the anti-happy (r
=-0.04, p=.74) and anti-fear (r=-0.15, p=.19)
adaptation condition. In the dominance rating task,
we found no significant correlation between the
adaptation impact scores for the anti-happy (r=
—0.17, p=.15), anti-angry (r=-0.19, p=.11) and
anti-fear (r=-0.21, p=.07) adaptation condition.
Therefore, contrary to Experiment 1 results, here we
did not find a correlation between attention and
aftereffect strength.

Gender ratings of test faces and anti-expressions
Finally, we considered whether gender aftereffects
(Pond et al., 2013a) could have contributed to the
aftereffect in this experiment, given that previous
research showed that gender influences trait
impressions (Sutherland et al., 2015). Indeed, even if
the face prototypes were created by averaging an
equal number of female and male faces, it could be
possible that they were not perceived as gender
neutral. The frequency at which the ambiguous test
face and the three anti-expressions were classified
as male, female, or ambiguous (unsure) is reported
in Table 1. Each participant classified the gender of
the faces as the concluding step of the experiment.
Participants were more likely to judge the test face
as female (X* (2)=114.75, p<.001), and a similar
trend can be found for the gender perception of the
anti-anger (X? (2) =32.52, p <.001), anti-happy (X?
(2)=16.39, p <0.001) and anti-fear (X? (2) =13.54, p
< 0.05) anti-expression faces. Based on this analysis,
there is a possibility that gender aftereffect also
occurred in this experiment, so that adaptation to a
feminine looking face could have biased the

Table 1. Experiment 2 frequency of gender choice for test and
anti-expressions.

Female Male Unsure
Test face 57 (83.8%) 6 (8.8%) 5 (7.4%)
Anti-anger 41 (59.4%) 15 (21.7%) 12 (17.39%)
Anti-happy 35 (51.5%) 20 (29.4%) 13 (19.1%)
Anti-fear 30 (44.1%) 27 (39.7%) 11 (16.2%)

perception of the test face as more masculine (Pond
et al., 2013a). This effect could have additionally
influenced the perception of trustworthiness and
dominance of the test face, given that these social
judgements are influenced by gender (Oh et al,
2020; Oliveira et al., 2020b; Sutherland et al., 2015).
Specifically, the test face could have appeared as
more masculine, thus being perceived as less trust-
worthy and more dominant. Consequently, this
could have reduced the aftereffect in the trustworthi-
ness rating experiment and enhanced the aftereffect
in the dominance rating experiment. We will return
to this finding in the General Discussion.

In Experiment 2, we investigated whether adap-
tation to anti-expressions influenced the facial trait
perception of the subsequent face, and we found
that long exposure to anti-happy, anti-angry and
anti-fear expressions biased the perception of trust-
worthiness and dominance of the following seen
faces in ways consistent with the expression after-
effect we expected to induce. Overall, these findings
suggest that a common mechanism underlies the
visual representation of emotional expressions and
evaluations of trustworthiness and dominance, as
predicted by the emotion overgeneralisation hypoth-
esis. Moreover, these results provided further support
of Engell et al.’s, (2010) findings, by helping to rule out
a semantic influence resulting from adapting to
recognized emotional expressions and thus confi-
rming a perceptual contribution of emotional cues
seen in faces in forming trait impressions.

General discussion

The present studies investigated the temporal
dynamics of face trait perception with an adaptation
paradigm (Burton et al,, 2016; Witham et al., 2021).
Experiment 1 provided compelling evidence of nega-
tive aftereffects in impressions of trustworthiness, by
showing that adaptation to (un)trustworthy-looking
faces biased observers’ perception of the trustworthi-
ness of a subsequently presented neutral face in the
opposite direction. Experiment 2 showed that evalu-
ations of trustworthiness and dominance are
influenced by the visual representation of emotional
expressions in faces. These findings align with pre-
vious studies that reported visual adaptation for
trait impressions (Engell et al, 2010; Keefe et al.,
2013; Wincenciak et al., 2013) and are in line with



the emotion overgeneralisation hypothesis (Engell
et al., 2010; Montepare & Dobish, 2003; Olivola
et al., 2014; Oosterhof & Todorov, 2008; Zebrowitz,
1997).

Our findings are also informative about the cues
that contribute to trustworthiness impressions.
Emotional expression played an important role in
trustworthiness aftereffects, consistent with previous
research (Engell et al., 2010; Keefe et al., 2013; Wincen-
ciak et al, 2013). Intriguingly, in Experiment 2 we
found that adapting to different anti-expressions
had a different influence on the perception of trust-
worthiness and dominance. With regard to trust-
worthiness impressions, we found that after
adaptation to an anti-happy face, the test face was
rated as more trustworthy, presumably because the
test face appeared happier whereas after adaptation
to an anti-angry face the test face was perceived as
less trustworthy, due to looking angrier. However,
unexpected results were observed after adaptation
to anti-fear faces, where the average test face was
rated as less trustworthy (Figure 4A). This finding is
surprising as we did not predict that the perception
of fear would influence trustworthiness. Moreover,
our result differs from Engell et al. (2010) findings
that adaptation to fearful faces did not affect trust-
worthiness impressions. One reason for this difference
is that in our study we can be reasonably confident
that adapting to anti-fear made the test face resemble
a fear expression (Burton et al., 2016; Skinner &
Benton, 2010; Witham et al., 2021). However, when
adapting to fear, as in Engel’s study, perception of
the test face is biased away from fear, but it is less
clear what it is biased toward. Consequently, it is
more difficult to be certain what emotional
expression is perceived in the test face after adap-
tation to a fearful face. In general, our finding aligns
with a previous study suggesting that a negative
valence associated with fear might explain lower
trustworthiness ratings (Montepare & Dobish, 2003).
Indeed, Montepare and Dobish (2003) found that
faces with more fearful expressions were also per-
ceived as low in affiliation. Affiliation and trustworthi-
ness are partially related traits as they both reflect a
positive valence, which suggest a person’s approach-
ability. Regarding this, the facial emotional valence
has been suggested to be a significant mediator for
impressions of trustworthiness (Tsankova et al,
2015). Thus, our findings reinforce the idea that
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trustworthiness evaluations are not specifically
dependent on the perception of happiness and
anger as hypothesised by Engell et al. (2010), but
might rely on the valence of the face.

In the dominance impression domain, we found
that the average test face was evaluated as more
dominant after adapting to anti-happy and anti-
anger expressions and less dominant after adapting
to anti-fear expressions, consistent with our hypoth-
esis. These results are in accordance with Witham
et al. (2021) findings, who also showed how faces
biased to look angry and happy following adaptation
were rated higher in dominance and faces biased to
look fearful after adaptation appeared less dominant.
Previous research suggests that the display of anger
functions as a cue to enhance strength and that the
display of fear functions as a cue to signal weakness
(Montepare & Dobish, 2003; Sell et al., 2014; Witham
et al., 2021). Witham et al. (2021) found that adap-
tation to anti-anger expressions made a subsequent
neutral face appear more dominant and stronger,
supporting the idea that the expression of anger
enhances the strength facial cues of a face, conse-
quently increasing the perceived dominance
(Toscano et al., 2016).

Importantly, using anti-expressions in Experiment
2 allowed us to distinguish between the perceptual
or semantic nature of the mechanism underlying
trustworthiness aftereffects. Our findings showed
that the effect of emotion perception on these facial
evaluations was predominately based on the visual
representation of expression, rather than a semantic
representation. This finding is consistent with Engell
et al.s (2010) finding that the magnitude of the after-
effect increased with increasing adaptor duration,
which they interpreted as evidence for a perceptual
locus of the aftereffect. Together these results
further support the emotion overgeneralisation
hypothesis suggesting that cues of emotional
expression drive face trustworthiness impressions by
signalling whether a person displaying such
emotion should be approached or avoided (Adams
& Kleck, 2003, p. 2005; Albohn et al., 2022), and
strengthen the evidence that perception of trust-
worthiness in faces is based on a shared perceptual
representation of emotional cues. Understanding
whether trait judgements are driven by perceptual
information related to visual representation of facial
expressions or semantic representation of expressions
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is relevant, as interventions to reduce the influence of
inaccurate facial evaluations would differ if overge-
neralisation were predominantly based on a visual
or semantic representation. Additionally, the after-
effects in both experiments are unlikely to reflect
purely low-level retinotopic adaptation because we
displayed the adaptor and test faces at different
sizes, so they may reflect adaptation of higher level
face-selective representations.

Another cue that could have potentially contribu-
ted to the trustworthiness aftereffect in Experiment
2 was gender perception. For this reason, in Exper-
iment 2 we additionally tested the perceived gender
of face stimuli given that the composite faces utilised
were created by morphing real faces, thus it was not
guaranteed that they would have been perceived as
gender neutral. We found that the adaptor faces
were perceived as somewhat feminine, and thus
gender aftereffects could have also occurred,
biasing perception of the test face to appear more
masculine (Pond et al., 2013a). Given that the per-
ceived gender has an impact in trait impressions
(Sutherland et al., 2015), a more masculine-looking
test face could have made the trustworthiness after-
effect slightly less strong (as masculine faces are gen-
erally perceived as less trustworthy), and the
dominance aftereffect slightly stronger (as masculine
faces are perceived as more dominant). However, the
whole aftereffect is unlikely to be explained by just
gender aftereffect as the faces displayed were not
strongly feminine or masculine. Even in the trust-
worthiness rating in Experiment 2, where test faces
could have been perceived as more masculine and
thus more untrustworthy, observers showed a
strong bias in perceiving test faces as more trust-
worthy after adaptation to anti-happy faces. Addition-
ally, in Experiment 1 the computer-generated face
stimuli were designed to appear male-looking to
avoid gender interaction with trustworthiness, and
thus one could speculate that the opposite gender
aftereffect could have occurred, resulting in the test
faces appearing as more feminine. However, in Exper-
iment 1 we still found a significant aftereffect after
adaptation to both trustworthy and untrustworthy
face adaptor condition, suggesting that the trust-
worthiness aftereffect was strong enough to over-
come a potential gender aftereffect. In this view,
across two experiments we found that the trust-
worthiness aftereffect generalises regardless of the

perceived gender of the test face. Moreover, Wincen-
ciak et al. (2013) found that aftereffects were of com-
parable strength regardless of the gender
combinations of adaptors and test faces. These
results further suggest that the perceived gender of
our face adaptors is unlikely to have been critical in
determining the pattern of aftereffects observed.
Moreover, in the study by Wincenciak et al. (2013)
gender effects in trustworthiness aftereffect were
found, where female but not male observers exhib-
ited a trustworthiness aftereffect. For this reason, we
ran a post-hoc analysis focused on the relationship
between observer’s gender and trait impression after-
effect (results reported in Supplementary Materials).
Notably, this analysis was not pre-registered, and
unfortunately our sample was not gender balanced
as investigating gender differences was not the
scope of our study. Overall, our findings in both
experiments indicated that males also exhibit a trust-
worthiness aftereffect, even if weaker compared to
females. Therefore, while these results diverge from
the gender effect observed by Wincenciak et al.
(2013), they are not entirely contradictory with prior
research, as males showed a less strong aftereffect.
Future research could investigate potential inter-
actions between perceived face gender and obser-
ver's gender and trustworthiness negative aftereffect.

Additionally, our findings suggest that attention
influences trustworthiness aftereffects. We found a
modest correlation between participants’ attention
check asterisk task and the strength of the aftereffect
in Experiment 1, but not in Experiment 2. This result
could suggest a possible involvement of attention in
enhancing the strength of the aftereffect in Exper-
iment 1, in line with previous work that have shown
that attention enhances adaptation for simple stimu-
lus attributes, such as motion (Von Griinau et al.,
1998), oriented gratings (Spivey & Spirn, 2000), and
face adaptation (Boynton, 2004; Rhodes et al., 2011).
For example, Rhodes et al. (2011) manipulated atten-
tion to adapting faces, and found that identity after-
effect increased in the attention condition
compared to the passive viewing condition. They pro-
posed that attention could increase relevant neural
activity related to face processing, and eventually
lead to increased adaptation (Clifford & Rhodes,
2005; Rhodes et al., 2011a). On the other hand, in
Experiment 2, we did not replicate this effect, in line
with other work which proposed that attention is



not strongly involved in modulating negative after-
effects (Knapen et al., 2010; Suzuki & Grabowecky,
2003; Van Boxtel et al., 2010). However, the modest
and non-significant associations we observed were
all in the predicted direction, so it is important to
highlight that our attention manipulation was primar-
ily designed to encourage participants to maintain
attention to the adapting faces and may not have
been sufficiently sensitive to individual variation in
attention to reliably predict the strength of the adap-
tation effects. Nor did we have sufficient power to
detect small associations. Therefore, we are extremely
cautious in drawing definitive conclusions on the
results obtained in this attention analysis. An interest-
ing future line of research could directly investigate
the role of attention in trustworthiness visual
adaptation.

Our results raise the possibility that a negativity
bias for untrustworthy faces could influence trust-
worthiness aftereffects. In Experiment 1 we found a
stronger aftereffect after adaptation to untrust-
worthy- compared to trustworthy-looking faces
(Figure 2A). This asymmetry was not found in previous
studies that investigated trustworthiness negative
aftereffect (Keefe et al., 2013; Wincenciak et al,
2013). This result might reflect a general negativity
bias which makes untrustworthy faces more salient
and relevant, as their detection could potentially
minimise the risk of harm in threatening situations,
and eventually more impactful during adaptation.
Accordingly, previous work has found enhanced pro-
cessing for untrustworthy faces (Lischke et al., 2018)
and better memorisation of untrustworthy compared
to trustworthy faces (Giraudier et al., 2022; Meconi
et al, 2014; Rule et al, 2012; Weymar et al., 2019).
However, it might be also the case that an asymmetry
in the face stimuli used in Experiment 1 influenced
the aftereffects. The trustworthy-looking versions of
each identity were made to be +1 standard deviation
on the trustworthiness dimension and the untrust-
worthy faces set to —3 standard deviations on the
trustworthiness dimension, as faces became particu-
larly feminine with higher levels of trustworthiness
(Oliveira et al.,, 2020b; Sutherland et al., 2015). This
asymmetric approach might have resulted in untrust-
worthy looking faces producing stronger aftereffects,
because they were more extreme adaptors (McKone
et al, 2014; Pond et al,, 2013b; Susilo et al., 2010).
Therefore, we suggest caution in drawing conclusions

VISUAL COGNITION 17

regarding a negativity bias from the asymmetry in
adaptation impact scores in Experiment 1.

Our findings cast a light on how prior visual experi-
ence influences trustworthiness impressions,
suggesting that these fundamental social judgements
are not fixed over time, but are instead dynamically
influenced by the faces we saw before. A large litera-
ture has focused on the morphological facial charac-
teristics that determine trustworthiness impressions
(Sutherland & Young, 2022; Todorov et al., 2015)
and their social consequences (Olivola et al., 2014)
by using isolated faces and considering trust judge-
ments as stable over time. However, in everyday life,
faces are not often perceived in isolation, but they
are often embedded in a spatial and temporal
context, where we perceive a series of faces one
after the other in the visual environment. In this
light, our findings represent a further step towards a
more ecological approach to the study of trustworthi-
ness judgements. In the spatial context domain, pre-
vious research has shed light on the role of
situational context in which we perceive a face, by
expanding the investigation on how we form trust
impressions of groups (Chwe & Freeman, 2023;
Marini et al., 2023). For example, Marini et al. (2023)
showed that when we encounter a crowd of people
the visual system is able to extract the average trust-
worthiness of the group we are facing - a phenom-
enon called ensemble perception (Haberman &
Whitney, 2009). Similarly, Carragher et al. (2021)
found that when individuals perceived in a group
are rated as more trustworthy looking compared to
when seen alone, in line with the cheerleader effect
(Walker & Vul, 2014; Ying et al., 2019). Taken together,
these studies along with the current and previous
work with trustworthiness adaptation suggest that
these critical social judgements are shaped not only
by the temporal but also by the spatial context in
which faces are embedded. With regard to the
present studies, future research directions could
focus on exploring the practical implications of the
temporal context influence in various real-life con-
texts. For example, in scenarios such as police line-
ups, where a sequence of suspects’ faces is sequen-
tially displayed for identification purposes, it could
be relevant to investigate whether the perceived
trustworthiness of a suspect’s face may be shaped
by exposure to a preceding face, with detrimental
effects on eyewitness identification. Similarly, in the
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context of dating apps, where users scan through
streams of successive face photos in search of a
mate (preferably trustworthy; Appel et al., 2023), it is
important to understand whether the current trust-
worthiness judgment from a face could be biased
by past faces seen, as this could eventually
influence mate choice.

Taken together, these findings highlight emotion
perception as one of the underlying mechanisms of
trustworthiness and dominance, and thus contribute
to understanding why we formulate facial trait
impressions in the first place despite the lack of evi-
dence that they accurately reflect underlying person-
ality characteristics (Todorov et al.,, 2015; Wilson &
Rule, 2017). Indeed, trustworthiness inferences are
not considered accurate or reliable enough to be
useful for making social decisions (Foo et al.,, 2021;
Korva et al., 2013; Todorov et al., 2015; Wilson &
Rule, 2015), to the point that a new line of research
started to even wonder how to mitigate facial trust-
worthiness biases in decision-making processes
(Jaeger et al, 2020). In this view, trustworthiness
impressions can be viewed as “visual heuristics”
exploited by the visual system to rapidly form sophis-
ticated - yet often inaccurate — expectations about
others’ behaviour and intentions (Siddique et al., 2022).

Future research directions and limitations

The neural mechanisms underlying the adaptation of
visual perceptions related to trustworthiness
impressions remain to be fully understood. In
general, visual adaptation has been proposed to
have functional advantages and to contribute to
efficient coding and discrimination of stimuli by cali-
brating our visual system to the prevailing inputs
present in our visual environment (Barlow, 1990;
Bosten et al., 2022b; Clifford & Rhodes, 2005; Mather
et al, 2008; Rhodes & Leopold, 2011; Webster &
Macleod, 2011). Visual adaptation of faces has been
suggested to occur within the context of the norm-
based model (Clifford & Rhodes, 2005; Rhodes &
Leopold, 2011; Valentine, 1991), which proposes
that faces are represented in our brain in relation to
an average or prototype face at the centre of a com-
putational face-space, or in the context of the exem-
plar-based model (Lewis, 2004; Ross et al., 2014), in
which the average at the centre of face-space has
no special status. Evidence suggests that face

attributes of emotion, gender and identity may be
norm-based coded (Burton et al., 2015; Jeffery et al.,
2018; Pond et al, 2013; Rhodes & Jeffery, 2006;
Rhodes et al., 2007). Given that these face attributes
also influence trait impressions it is plausible that
trustworthiness and dominance may likewise be rep-
resented by a norm-based system, with trustworthi-
ness and dominance opponent-coded by neural
channels tuned to high and low values on dimensions
that underly these traits.

Adaptation to faces induces a change in sensitivity
to the current stimulus (Clifford & Rhodes, 2005;
Webster, 2015; Webster & Macleod, 2011; Webster &
MacLin, 1999) which is argued to result from a
decrease in the firing rate of cells that encode facial
features (Kohn, 2007). The observed trustworthiness
aftereffects could be explained by a temporary
reduction in sensitivity of the cell population repre-
senting trustworthy and untrustworthy faces after
exposure to such faces. Previous work found neural
markers of trustworthiness perception in faces in
the electrophysiological cortical responses to trust-
worthy or untrustworthy looking faces with the
FPVS (Fast Periodic Visual Stimulation) paradigm,
which does not require explicit judgements from
observers (Siddique et al, 2023; Swe et al, 2020,
2022; Verosky et al., 2020). However, trustworthiness
impressions are high-level complex social judgements
that depends on a variety of bottom-up facial fea-
tures, including eyebrow high and mouth curvature
(Oosterhof & Todorov, 2008). As noted above, they
are also connected to other facial judgements such
as gender and attractiveness (Oosterhof & Todorov,
2008, p. 2009; Sutherland et al., 2015), and as
further confirmed in the present study, emotional
expression. Therefore, visual adaptation to trust-
worthiness is likely to influence multiple neuron
populations coding various facial features. Future
research could clarify where trustworthiness adap-
tation occurs at the neural level.

We used highly-controlled face stimuli that boost
confidence that our adaptation effects reflect the
traits we sought to manipulate. The complexity of
face trait judgements in terms of visual cues
(Vernon et al.,, 2014) and their intercorrelation with
other social judgements (Keles et al., 2021; Oh et al.,
2022; Siddique et al., 2022) makes it challenging,
and probably impossible, to observe real faces that
vary only in the level of trustworthiness or



dominance. That is why we used computer-generated
faces and controlled for gender in Experiment 1, and
used morphed faces and anti-expressions in Exper-
iment 2, that also afforded good control. However,
these stimuli lack ecological validity and may not
fully reflect the way natural faces are neurally rep-
resented (Lischke et al., 2017). It will be important
for future research to test the generalisability of our
findings using more naturalistic face images that
have greater ecological validity (Lischke et al., 2017;
Sutherland & Young, 2022; Todorov et al., 2013b).

Further studies could also explore whether adap-
tation to trustworthiness occurs when faces are per-
ceived in more naturalistic contexts, where both
visual and auditory situational information might
convey relevant information for trustworthiness jud-
gements. In this view, it would be interesting to inves-
tigate whether visual adaptation to trustworthiness is
affected by the context. For example, prior research
has shown that the visual background surrounding
faces influences trustworthiness evaluations (for a
review, see Brambilla et al, 2024). Moreover, faces
embedded in threatening auditory contexts are per-
ceived as more untrustworthy than those embedded
in non-threatening auditory contexts (Brambilla et al.,
2021), suggesting cross-modal integration of facial
and auditory information. Given that recent work
showed that perceivers form first impressions of per-
sonality characteristics from individuals’ voices
(Mileva & Lavan, 2023), and considering also previous
evidence of auditory adaptation (Pérez-Gonzdlez &
Malmierca, 2014; Zaske et al., 2010), future research
could investigate whether visual adaptation to trust-
worthiness occurs in a more naturalistic situation
where we meet new individuals and are exposed to
both their face and voice. Specifically, investigating
how adaptation to trustworthiness occurs when
faces are paired with trustworthy or untrustworthy
voices could help determine whether visual adap-
tation to trustworthiness is affected by higher order
multi-modal integration of various sources of infor-
mation from the same individual, and how they inte-
grate in a unitary impression of trustworthiness of
that person.

Conclusion

Previous literature focused on trustworthiness
impressions by considering the morphological
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determinants and the social consequences of these
important judgements, but considerably less atten-
tion has been dedicated to understanding the ways
in which the temporal context influences face percep-
tion of social traits. Our findings provide further
robust evidence that visual adaptation influences
trustworthiness impressions by replicating findings
from previous work while also overcoming exper-
imental limitations of prior research. Moreover, our
results offer additional strong support on the inter-
play between facial trait impressions and emotional
expressions, by showing that emotional expressions
in the visual history influence subsequent impressions
of trustworthiness and dominance.
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