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A B S T R A C T   

Past research indicates that patients' reports of pain are often met with skepticism and that observers tend to 
underestimate patients' pain. The mechanisms behind these biases are not yet fully understood. One relevant 
domain of inquiry is the interaction between the emotional valence of a stranger's expression and the onlooker's 
trustworthiness judgment. The emotion overgeneralization hypothesis posits that when facial cues of valence are 
clear, individuals displaying negative expressions (e.g., disgust) are perceived as less trustworthy than those 
showing positive facial expressions (e.g., happiness). Accordingly, we hypothesized that facial expressions of 
pain (like disgust) would be judged more untrustworthy than facial expressions of happiness. In two separate 
studies, we measured trustworthiness judgments of four different facial expressions (i.e., neutral, happiness, 
pain, and disgust), displayed by both computer-generated and real faces, via both explicit self-reported ratings 
(Study 1) and implicit motor trajectories in a trustworthiness categorization task (Study 2). Ratings and cate-
gorization findings partly support our hypotheses. Our results reveal for the first time that when judging 
strangers' facial expressions, both negative expressions were perceived as more untrustworthy than happy ex-
pressions. They also indicate that facial expressions of pain are perceived as untrustworthy as disgust expres-
sions, at least for computer-generated faces. These findings are relevant to the clinical setting because they 
highlight how overgeneralization of emotional facial expressions may subtend an early perceptual bias exerted 
by the patient's emotional facial cues onto the clinician's cognitive appraisal process.   

1. Introduction 

Research on person perception has shown that people evaluate faces 
on multiple trait dimensions, and these evaluations affect how we ulti-
mately judge others (Oosterhof & Todorov, 2008). For example, facial 
appearance might influence personality attribution (Sutherland et al., 
2015), whether we judge someone as a criminal (Eberhardt et al., 2006), 
and if we will vote for a politician (Todorov et al., 2005). More gener-
ally, we seem to quickly form an impression of strangers by assigning 
traits to them that resemble their emotional expression, a process 
labelled as emotion overgeneralization (Zebrowitz & Montepare, 2008). A 
particularly relevant trait in this respect is trustworthiness. Indeed, 
Oosterhof and Todorov (2008) showed that when facial cues of valence 
are clear, individuals displaying negative expressions (e.g., anger) are 
perceived as less trustworthy than those displaying positive facial 

expressions (e.g., happiness; see also Franklin & Zebrowitz, 2013; Oos-
terhof & Todorov, 2009; Todorov & Duchaine, 2008). This is important 
because trustworthiness judgments in everyday life inform people's 
perception of strangers' intention to help or harm (Todorov et al., 2015 
for a review). 

1.1. Trustworthiness judgments of painful facial expressions 

We adopted a situational perspective in our experimental assessment 
of trust; that is, we conceived trust as an expectancy state generated by 
specific visual cues in a stranger's face, rather than a dispositional trait 
(Rotter, 1971). Yet, because our experimental tasks and procedures 
entailed no engagement in a relationship with the stranger's models, this 
type of trust is more pertinent to how much the onlooker would trust a 
stranger's face in general (‘generalised trust’ – Couch & Jones, 1997; 
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Freitag & Traunmüller, 2009) than to the trust implied in, for example, a 
transactional relationship (‘interpersonal trust’, Johnson-George & 
Swap, 1982). 

The overgeneralization of facial expressions to trustworthiness has 
been suggested to be specific to expressions of anger and happiness 
(Engell et al., 2010). However, such overgeneralization could be 
particularly relevant in the clinical pain context. Indeed, the pain 
management literature indicates that pain reported by patients is often 
met with doubt and skepticism on the part of observers (Blomqvist & 
Edberg, 2002; Clarke & Iphofen, 2005; Montali et al., 2011), which 
might lead to an underestimation of the patient's pain (Riva, Rusconi, 
et al., 2011; Rusconi et al., 2010), especially when displayed by the 
elderly and women (Blomqvist & Edberg, 2002; Riva, Sacchi, et al., 
2011), or ethnic minorities like black individuals (Banaji et al., 2021; 
Hoffman et al., 2016). In this context, different trust construal features 
will likely be at stake, ranging from a generalised trust to a more specific 
trust developed within the patient-carer relationship. Relatedly, 
behavioral manifestations of pain are sometimes expressions of malin-
gering, catastrophizing, and somatization (Katz et al., 2015; Tuck et al., 
2019). 

These phenomena highlight the purported relevance of the authen-
ticity of facial expressions of pain in determining the outcome of the 
onlooker's perception and decision-making (Williams, 2002). Interest-
ingly, research indicates that onlookers struggle to distinguish between 
posed and genuine expressions of pain (Mende-Siedlecki et al., 2020 for 
a critical assessment) and judge posed faces as expressing more intense 
pain (Fernandes-Magalhaes et al., 2022). Whether spontaneous or acted 
pain expressions, caregivers and clinicians' judgments of facial expres-
sions are an element that can have serious pain management and 
treatment implications (Wells et al., 2008), as their assessment of a 
patient's condition can be jeopardized by disbelief, lack of empathy, and 
trust in the patient's pain expressions (De Ruddere et al., 2012, 2014). 
Surprisingly, however, despite the role of disbelief and distrust in 
contributing to the stigma surrounding chronic pain (e.g., De Ruddere & 
Craig, 2016; Sims et al., 2021; Wakefield et al., 2021), research into how 
onlookers judge the trustworthiness of facial expressions of pain is still 
minimal. Here, we investigate this question by comparing trustworthi-
ness judgments of painful expressions with trustworthiness judgments of 
positive expressions and other similar negative expressions, such as 
disgust. 

The facial movements exerted during pain (i.e., wrinkling of the 
nose, closing of the eyes, rising of the cheeks, and lowering of the eye-
brows, Patrick et al., 1986; Prkachin, 1992) are similar to those dis-
played when experiencing disgust, as identified by the Facial Action 
Coding System (FACS; Ekman & Friesen, 1978). However, despite this 
similarity, both the subjective experience and threat signaled by disgust 
and pain expressions can be distinguished. In fact, Kunz et al. (2013) 
found that participants responding to noxious stimuli with expressions 
of pain were mostly displaying contraction of the eyes and eyebrows 
whilst expressions in response to disgusting pictures were characterised 
by a curl of the upper lip and raise of the eyebrows. We reasoned that 
disgust expressions are an optimal comparison to investigate how pain 
expressions are evaluated concerning other negative expressions in 
terms of trustworthiness. Given that expressions of disgust have been 
shown to elicit lower trustworthiness ratings compared with happy ex-
pressions (e.g., Kugler et al., 2020; Ueda et al., 2017), we predicted a 
similar effect for pain expressions. 

1.2. The present study 

We investigated whether facial expressions of pain are perceived as 
untrustworthy compared to other facial expressions (e.g., neutral, 
happy). To this end, we measured trustworthiness judgments of four 
different facial expressions (i.e., neutral, happiness, pain, and disgust) in 
two studies, via both explicit self-reported ratings (Study 1) and implicit 
motor trajectories in a trustworthiness categorization task (Study 2). The 

latter task was included because a critical feature of trustworthiness 
judgments is that they are formed rapidly (Willis & Todorov, 2006). As a 
result, previous studies have suggested that measures tapping into im-
plicit aspects of decision-making might be captured by computer mouse 
trajectories measures better than explicit ratings (e.g., Maldonado et al., 
2019; Zgonnikov et al., 2017). 

We further included both computer-generated and real faces in our 
studies to increase the findings' external and internal validity. 
Computer-generated faces allow for greater internal validity because 
researchers can vary the strength with which they express emotions. 
However, real faces allow for greater external validity because they are 
more like faces participants may meet in their daily lives. The impor-
tance of including both types of faces is further supported by evidence 
that neural and perceptual responses to computer-generated and real 
faces are not fully overlapping (e.g., Kätsyri et al., 2020). In particular, 
computer-generated faces seem to elicit overall lower trustworthiness 
ratings than real faces (Balas & Pacella, 2017). 

1.2.1. Hypotheses and expectations 
In light of the established link between positive/negative facial ex-

pressions and perceived trustworthiness (e.g., Oosterhof & Todorov, 
2008), we first expected lower trustworthiness ratings in Study 1 for 
both disgust and pain expressions compared with happy expressions 
(H1). By contrast, we expected no significant difference in perceived 
trustworthiness between disgust and pain (H2). Similarly, in the trust-
worthiness categorization task (Study 2), we hypothesized that motor 
trajectories for trust categorizations would be more common, faster, and 
clearer (i.e., nearer to a straight trajectory) for happy than negative 
expressions. In contrast, motor trajectories for distrust categorizations 
would be more common, faster, and clearer for negative than for happy 
expressions (H3), with again no difference between pain and disgust 
expressions (H4). 

1.2.2. Control analyses 
To ensure that participants could accurately distinguish pain and 

disgust expressions, we also included a Specific Emotion task. In this 
task, we expected similar accuracy in categorizing pain and disgust ex-
pressions (H5), thus ruling out idiosyncratic identification (i.e., 
mismatch) of these two categories for both real and computer-generated 
faces. Moreover, for both Study 1 and Study 2 real faces datasets we also 
added the factor sex of the displayed faces to account for this potential 
interaction with the participants' sex and the emotional expression (non- 
directional two-tailed hypothesis). As additional analysis we excluded 
the 50 % expression intensity category for computer-generated faces as 
to address a potential bias of ambiguous expressions on rating and 
mouse tracking performance (non-directional two-tailed hypothesis). 

2. Study one – web survey 

2.1. Methods 

2.1.1. Participants 
Two hundred eighty respondents aged 18–65 (mean age = 23.48, SD 

= 9.93) participated in one of the two web-based cross-sectional surveys 
(developed using Qualtrics, Provo, UT) assessing real faces (224 females 
and 56 males). The distribution of ethnicity was as follows: 32 Asian/ 
Pacific islanders, 23 Black or African Americans, 7 Hispanic or Latinos, 
199 White Caucasians, and 19 from other ethnic groups. Similarly, 225 
respondents aged 18–65 (mean age 27.99, SD = 12.62) participated in 
the second survey assessing computer-generated faces (151 females, 74 
males). The ethnicity in this sample was distributed as follows: 18 
Asian/Pacific Islanders, 19 Black or African Americans, 5 Hispanic or 
Latino, 170 White Caucasians, and 13 from other ethnic groups. They 
were recruited through a mix of social media ads and the Department 
SONA platform. Respondents were informed that the survey would take 
approximately 15 min and gave their informed consent before beginning 
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the study, which was approved by the University of Essex ethics com-
mittee (project code EV1501). 

2.1.2. Stimuli 
We used a total of 45 faces, 24 real faces (i.e., emotion; 6 neutral, 6 

disgust, 6 pain, and 6 happiness expressions), and 21 computer- 
generated androgynes faces (3 neutral, 6 disgust, 6 pain, and 6 happi-
ness expressions). The real faces were selected from Simon et al. (2008), 
then grey-scaled and oval-shape edited. Thus, background and hair were 
excluded to limit the information to the facial expression only. For every 
facial expression category, 3 of each emotional expression were dis-
played by males and 3 by females (i.e. sex). The computer-generated 
faces were created with FaceGen 3.1 and were extracted from a data-
set already used in previous work (Riva, Sacchi, et al., 2011). They were 
all androgynous, that is, they were meant to equally express male and 
female visual features.1 The emotional expressions varied along the in-
tensity dimension, each representing one degree of the expression per 
each emotion category (50 %, 60 %, 70 %, 80 %, 90 %, 100 %). We 
added different degrees of expression (i.e., intensity) to increase the 
variability of the stimulus set and reduce habituation to these artificial 
faces. The distinctions between levels of emotional intensity were tested 
in Riva, Rusconi, et al. (2011) and Riva, Sacchi, et al. (2011). However, 
we did not include this variable as an independent predictor. 

2.1.3. Design, task, and procedure 
The cross-sectional web-based survey required an average comple-

tion time of about 20 min, but there was no restriction on the time 
allowed to complete the survey. All respondents were required to answer 
all questions but free to exit the survey anytime. We first asked re-
spondents to provide us with their informed consent and some de-
mographic information. Respondents were then presented with 21 more 
blocks (in randomized order) of questions concerning the different facial 
expressions. Respondents provided 5-point Likert scale ratings ranging 
from “negative” to “positive”, “calming” to “arousing”, “unattractive” to 
“attractive”, “threatening” to “safe”, “untrustworthy” to “trustworthy” 
(H1, H2). In addition, for a better descriptive characterization of the 
valence dimension, we asked respondents to indicate how much of the 
different basic emotions the specific face they were looking at was 
expressing, ranging from “not at all” to “extremely”. These questions 
were delivered in a randomized order with each face stimulus. Note that 
all but trustworthiness ratings were added for exploratory purposes and 
will not be discussed (see supplementary material). The participants did 
not receive a definition of trustworthiness. This choice was in keeping 
with the person perception literature (e.g., Engell et al., 2010; Oosterhof 
& Todorov, 2008; Todorov et al., 2008). This approach seems to be also 
adopted in studies targeting interpersonal trust (Hale et al., 2018). All 
the relevant material associated with the study can be found on the open 
repository (OSF). 

2.1.4. Data analysis 
For each questionnaire, we transformed the trustworthiness ratings 

(i.e., untrustworthy = 1, mildly untrustworthy = 2, neither untrust-
worthy nor trustworthy = 3, mildly trustworthy = 4, trustworthy = 5). 
Next, we constructed a linear mixed model (LME) for each questionnaire 
(i.e., real faces; computer-generated faces), with emotion and sex (i.e. 
only for the real faces) as a fixed effects. To determine the random effects 
structure of each model, we applied a backwards selection procedure 
(Matuschek et al., 2017), as this has been shown to balance the false- 
positive and false-negative rates. For real faces, this resulted in a 

random-effects model with gender and subject (i.e., gender|subject). For 
computer-generated faces this was the simplest random effect model (i. 
e., 1|subject). P-values were calculated using the Satterthwaite's 
method. All models and corresponding p-values were constructed using 
the “lmertest” package (Kuznetsova et al., 2017) in R (R Core Team, 
2021). The corresponding effect sizes and 95 % confidence intervals 
were calculated with the “effect size” package (Ben-Shachar et al., 
2020). Post hoc z tests p values were corrected with the false discovery 
rate method for multiple comparisons as provided by the emmeans 
package. Statistical significance was set at p < .05. 

2.1.5. Results 
We report the descriptive statistics of the valence, arousal, and 

attractiveness of each emotional expression in the supplementary ma-
terials (Appendix A, Figs. S1-S2). 

For both questionnaires, we removed participants who did not 
complete all the questions. This resulted in a sample size of 190 par-
ticipants for the questionnaire assessing real faces and 134 for computer- 
generated faces. 

2.1.5.1. Real faces. The LME model indicated a significant main effect 
of emotion, F(3,4174) = 323.58, p < .0001, ηp

2 = 0.19, CI95% =
[0.13,0.21]. Trustworthiness ratings were highest for happy, followed 
by neutral, pain, and disgust expressions (Fig. 1A). Concerning H1, the 
post hoc test showed a significant difference between happy and disgust 
(z = 28.64, p < .0001) and pain expressions (z = 23.07, p < .0001). 
Concerning H2, we found a significant difference between disgust and 
pain (z = − 5.57, p < .0001), indicating that trustworthiness ratings 
were significantly lower for disgust compared with pain expressions. All 
remaining post hoc tests indicated a significant difference in trustwor-
thiness ratings (z > − 5.74, p < .0001), except for the difference between 
neutral and pain (z = 0.17, p = .863). There was a main effect of sex, F 
(1,189) = 77.66, p < .0001, ηp

2 = 0.29, CI95% = [0.19,0.39]. Trust-
worthiness ratings were higher for female than male faces. Lastly, there 
was a significant interaction effect between sex and emotion, F(3,4174) 
= 12.79, p < .0001, ηp

2 = 0.0, CI95% = [0.0,0.02]. Post hoc tests 
revealed a significantly higher trustworthiness rating for female neutral 
(z = − 9.31, p < .0001), happy (z = − 3.01, p = .0035), and pain ex-
pressions (z = − 4.57, p < .0001), compared to males. There was no 
significant difference for disgust expressions (z = − 0.94, p = .35 - see 
Appendix B, Table S1-S2). 

2.1.5.2. Computer-generated faces. The LME model indicated a signifi-
cant main effect of emotion F(3,2677) = 906.57, p < .0001, ηp

2 = 0.50, 
CI95% = [0.48,53]. Trustworthiness ratings were highest for happy 
faces, followed by neutral, pain, and disgust (Fig. 1B). Concerning H1, 
post hoc tests revealed a significant difference between trustworthiness 
ratings for happy and disgust (z = 43.15, p < .0001) and pain expres-
sions (z = 43.00, p < .0001). Concerning H2, there was no significant 
difference between disgust and pain (z = − 0.15, p = .999). All other post 
hoc tests were significant (z > − 9.63, p < .0001, see Appendix B, 
Table S3, for all contrasts). 

The 50 % intensity control analysis indicated that the exclusion of 
the 50 % expression data from the LME model produced a significant 
main effect of emotion F(3,133) = 136.74, p < .0001, ηp

2 = 0.74, CI95% 
= [0.69,1.00]. Trustworthiness ratings were highest for happy faces, 
followed by neutral, pain, and disgust. Concerning H1, post hoc tests 
revealed a significant difference between trustworthiness ratings for 
happy and disgust (z = 19.45, p < .0001) and pain expressions (z =
19.00, p < .0001). Concerning H2, there was no significant difference 
between disgust and pain (z = − 1.30, p = .195). All other post hoc tests 
were significant (z > − 8.68, p < .0001), thus indicating that the 
exclusion of these data did not alter the results pattern (see also Ap-
pendix B, Table S4, for all contrasts). 

1 Note that despite these stimuli morphed together masculine and feminine 
faces in equal parts, they were not perceived as fully androgynous in the 
original study. For example, facial expressions of pain were more likely to be 
categorized as male than female (Riva, Rusconi, et al., 2011; Riva, Sacchi, et al., 
2011). 
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3. Study 2 – mouse tracking task 

3.1. Methods 

3.1.1. Participants 
Nineteen right-handed female and ten male psychology students 

aged 20–29 (mean = 22.93, SD = 1.85) were recruited through the Sona 
system at the Department of Psychology at the University of Milano – 
Bicocca. We did not collect ethnicity information from this sample. Also, 
due to technical problems with the computer-generated stimulus task, 
one data set was missing, resulting in a sample size of 28 for the analyses 
of the tasks with computer-generated faces. Respondents were recruited 
through the Department SONA platform and were informed that the 
study would have lasted about 30 min. They gave their informed consent 
before beginning the study, which was approved by the University of 
Milan ethics committee (project code RM-2021-489). 

3.1.2. Design, task, and procedure 
We used a total of 34 faces, 24 real faces, and 10 computer-generated 

androgynes faces. The real faces were composed of 6 neutral, 6 disgust, 6 
pain and 6 happiness expressions (i.e. emotion). For every category, 3 of 
each emotional expression were displayed by males and 3 by females (i. 
e. sex). We used three androgynous faces for each emotion (i.e., pain, 
happy, disgust) and used only 1 neutral face (extracted from Riva, 
Sacchi, et al., 2011). 

Participants completed a set of three separate categorization tasks, in 
which they categorized target stimuli along Trustworthiness (Trust-
worthy vs Untrustworthy), General Emotion (Happy vs Disgust vs Pain), 
or Specific Emotion (Disgust vs Pain). The last two were devised as a 
control task to ensure the participants' trajectories would suggest correct 
differentiation of the emotional expressions, especially between ex-
pressions of pain and disgust. This, in turn, would ensure the inter-
pretability of the results obtained in the Trustworthiness task. Faces 
independently varied in terms of emotional expression (four levels: 
Neutral, Happy, Pain, and Disgust). The three tasks were delivered in 
separate sessions in a counterbalanced order across participants. Due to 
a failure in the pseudorandomization protocol of the General Emotion 
Task trials, we decided not to analyse these data, thus leaving us with the 
analysis of the Trustworthiness (Trustworthy vs Untrustworthy) and 
Specific Emotion (Disgust vs Pain) tasks. These were anyway the 
necessary tasks to test our hypotheses hence we report the results ob-
tained with these two tasks only. 

In a typical two-choice categorization task, participants are pre-
sented with an image and at least two response options at the top left or 
right corners. Participants are then instructed to move the mouse cursor 
from the image location to the appropriate option, click on it, and repeat 
the action across numerous trials. The x-, y-coordinates of the mouse 
pointer are recorded during the process, allowing the experimenter to 
assess if the participant selected the correct response category and how 
much they deviated from a perfect trajectory (i.e., straight line from the 

Fig. 1. Results of the trustworthiness survey (Study 1). Trustworthiness ratings for each emotional expression during real (A) and computer-generated faces (B) on a 
Likert scale from 1 (untrustworthy) to 5 (trustworthy). 
Note. Study 1 trustworthiness ratings (y axis) for all emotional expressions (neutral – light blue, happy – dark blue, disgust – light green, pain – dark green, x axis) and 
the two types of stimuli (real and computer-generated faces – A and B panel respectively). Panel A is futher divided into two smaller panels, representing the sex of 
the face stimulus. The upper panel represents male while the lower panel female faces. Note the greater trustworthiness assigned to happy facial expressions, 
especially during the observation of real faces. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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start to the response location). Direct trajectories indicate certainty, 
whereas indirect trajectories highlight attraction to the unselected 
choice and, therefore, uncertainty (Freeman et al., 2013). Thus, the 
advantage of analyzing motion trajectories is that it provides the 
researcher with a direct measure of decisional uncertainty. 

All stimuli were presented on an HP Compaq 6200 Pro Small factor 
computer with a 19-inch screen and 1920 × 1080 resolution and using 
Mousetracker software (Freeman & Ambady, 2010; http://www. 
freemanlab.net/mousetracker). Mouse sensitivity was set to the 6th 
notch to ensure 100 %-point speed accuracy. Response buttons were 
positioned in the upper left and upper right corners of the screen, dis-
played with bold letters in Arial (size 22) with a black background and 
measuring 0.4 × 0.2 cm. 

Participants were tested alone in a lab cubicle and seated at an 
average distance of 60 cm from the computer screen, with the computer 
mouse placed to their right side. They were instructed to fixate the 
center of the screen where the “start” button would appear and either 
judge the type of emotional expression (i.e. Specific Emotion: Disgust vs 
Pain) or its trustworthiness (i.e. Trustworthy vs Untrustworthy). Before 
beginning the experiment, participants completed a practice shape 
categorization task (vegetables vs fruit) to familiarize themselves with 
the task procedure (40 trials). The procedure required participants to 
click on a ‘Start’ button located at the bottom-center of the screen to 
begin each trial. A face stimulus immediately replaced this. Participants 
were asked to move the mouse as quickly and accurately as possible 
towards one of the two response boxes (for example, Disgust vs Pain) 
located at the top-left and top-right corners of the screen and click on the 
chosen category. The spatial location of the two labels was counter-
balanced across participants. Face stimuli were presented in a ran-
domized order. 

For the Specific Emotion task with real faces, participants were 
presented with a total of 120 facial expressions, 60 of each sex (i.e. male, 
female), with each actor/actress, repeated 10 times. For the Specific 
Emotion task with computer-generated faces, participants were pre-
sented with 78 androgynous faces displaying a 75 % emotional intensity 
(i.e. 39 for pain and 39 for disgust expressions). For the trustworthiness 
task with real faces, participants were presented with 240 faces, 6 for 
each emotional expression (3 for each sex), repeated 10 times. For the 
trustworthiness task with computer-generated faces, participants were 
presented with 240 androgynous faces displaying different emotions 
(pain, disgust, happiness expression) and intensities (50 %, 75 %, and 
100 %). Each emotion and intensity were repeated 20 times, while 
neutral faces were presented 60 times. As in Study 1, we did not provide 
the participants with a definition of trustworthiness. 

Trials were 3 s in duration and were separated by variable inter-trial 
intervals (2–4 s). A message encouraging quicker categorization 
appeared when movements were not initiated within 400 ms. A fixation 
cross replaced the face stimulus after any response, or if participants did 
not respond on time, remaining on the screen until the beginning of the 
subsequent trial. Participants were required to return the mouse on the 
‘Start’ button and click on it to start the subsequent trial. Each catego-
rization task lasted approximately 10 min, depending on how quick or 
slow the participants were in responding. During the task, the mouse's 
streaming x, y coordinates were recorded to allow for point-by-point 
trajectory estimation. 

3.1.3. Data analysis 

3.1.3.1. Data preparation. For each mouse-tracking task, we collected 
the participant's response categorization (i.e. Disgust vs Pain, Trust-
worthy vs Untrustworthy), reaction times (RTs), and two measurements 
of decision uncertainty, namely the maximum deviation (i.e., largest 
deviation from the ideal trajectory, MD), and area under the curve (i.e., 
area under the actual trajectory and the ideal trajectory, AUC) (Freeman 
& Ambady, 2010). 

Participants with a mean above or below 3 standard deviations (SD) 
for AUC, MD, or RT, were removed from the analyses of the Trustwor-
thiness task. Participants with an accuracy below 60 % of the Specific 
emotion (i.e. Disgust vs Pain) task were also excluded from further an-
alyses. The exclusion criteria at the trial level were based on previous 
studies and mouse tracking guidelines (e.g., Hehman et al., 2015; Kie-
slich & Henninger, 2017). For all analyses, we excluded trials with a 
response time slower than 2500 ms or an initiation time 3 SD above or 
below the participants' mean. 

Six participants were excluded for the analyses of real faces in the 
Specific Emotion task due to numerous incorrect responses (>40 %). As 
a result of our filtering procedure, 6 % of trials were removed. Please 
note that this applies only to the categorization data analyses (see 
methods for details). For the analyses of the computer-generated faces, 
four participants were considered outliers due to poor performance (i.e., 
accuracy <60 %). 

For the analyses of real faces in the Trustworthiness task, none of the 
participants were excluded. And in total, 6 % of all trials were consid-
ered as outliers (3SD from the participants mean for the initiation time, 
and AUC, MD or RT). One participant was excluded from all analyses of 
computer-generated faces due to the exclusion criteria of the MD and 
AUC. Furthermore, 4 % of the trials were considered as outliers. 

3.1.3.2. Statistical analyses. The reaction times and trajectory measures 
(i.e., AUC, MD) were investigated with linear mixed-effects models. The 
categorization choice data (i.e., accuracy) were analyzed with general-
ised linear mixed-effects models using a binomial logit link function. The 
GLME models were constructed with “lme4” (Baayen et al., 2008; Bates 
et al., 2015). We created different factors according to the type of task. 
The Specific Emotion task included the type of emotional expression (i. 
e., Disgust and Pain). The trustworthiness task included both the type of 
emotional expression (i.e., Neutral, Happy, Pain, Disgust) and behav-
ioral choice (i.e., Trustworthy, Untrustworthy). Only for the real faces, 
we included sex as an additional fixed effect (i.e. Male, Female). We 
applied the same criteria as the first study to determine each model's 
random effect structure. For the LME models, we calculated the p-values 
with the Satterthwaite's method. Moreover, we computed the corre-
sponding effect sizes and 95 % confidence intervals. For the GLME 
models, we used the Wald test. Post hoc z tests p-values were corrected 
with the false discovery rate method for multiple comparisons as pro-
vided by the emmeans package. Lastly, we calculated the accuracy for 
each emotion to investigate if the Disgust and Pain categorization was 
above the chance level (50 %) using one-sample t-test. Additionally, we 
calculated the Bayes factor for each test with JASP (Version 0.14.1.0, 
JASP team, 2021). 

3.1.4. Results 

3.1.4.1. Specific Emotion task. The pain vs disgust categorization task 
tested whether participants could distinguish between pain and disgust 
expressions above chance level. Results confirmed our expectation of 
similar accuracy in categorizing pain and disgust expressions (H5 – see 
supplementary materials Appendix C, Fig. S3). 

3.1.4.2. Trustworthiness task. To investigate the difference in trust-
worthiness perception for positive and negative emotions, we developed 
a trustworthiness categorization task with four types of emotions (i.e., 
neutral, happy, disgust, and pain). 

3.1.4.3. Real faces 
3.1.4.3.1. Categorization. The probability of categorizing a face as 

trustworthy was 92 %, CI95% = [85,96], for happy expressions, and 54 
% CI95% = [32, 74] for neutral expressions. The probability of cate-
gorizing a face as untrustworthy was 94 %, CI95% = [88,99] for disgust 
expressions, and 91 %, CI95% = [77,97] for pain expressions. 
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The GLME analysis revealed a significant main effect of emotion 
(Fig. 2A), X2(3,29) = 51.42, p < .001. Concerning H3, post hoc analysis 
indicated that there was a significant difference in trustworthiness 
perception between happy and disgust (z = 6.61, p < .0001), and pain 
expressions (z = 6.52, p < .0001). Concerning H4, there was no signif-
icant difference in trustworthiness perception between pain and disgust 

(z = − 1.51, p = .131). All remaining comparisons were significant (all z 
≥ 3.59, all p ≤ .001, see Fig. 2A and Appendix D Table S5, for all con-
trasts). There was a significant interaction effect of sex and emotion, 
X2(3,29) = 15.57, p = .001. Post hoc analyses showed that female 
neutral faces were categorized as more trustworthy compared with male 
faces, z = 3.15, p = .002. All remaining contrasts were not significant (z 

Fig. 2. Results of the mouse-tracking task (Study 2). Percentage of trustworthiness categorizations for each emotion (A, E), and changes in performance for reaction 
times (B, F), area under the curve (C, G), and maximum deviation (D, H). 
Note. Trustworthiness mouse-tracking performance for each emotion. The upper four boxplots (i.e., A, B, C, D) are a graphical presentation of the trustworthiness task 
with real faces, while the lower four boxplots (i.e., E, F, G, H), are a graphical presentation of the results of the trustworthiness task with computer-generated faces for 
the four dependent measurements (i.e., categorization, reaction times, area under the curve, and motor deviation). For the real faces, the graphs are divided for sex: 
the upper graphs represent the male expressions, the lower graphs female. The red boxplots depict trustworthy categorizations, the blue boxplots depict untrust-
worthy categorizations. The horizontal black bar represents the median for each condition, and body of the boxplot represents the interquartile range (IQR), with the 
outer lines the 25 (Q1) and 75 (Q2) percentiles. The black dots are outliers that are above or below Q1/Q3 ± 1.5* IQR. The black triangles represent the mean for 
each emotion and level of trustworthiness. Plot A and E are the graphical representation of the trustworthiness categorization for each emotion. Plot B and F, C and G, 
and D and H, represent respectively the results of the RT, AUC, and MD. (For interpretation of the references to colour in this figure legend, the reader is referred to 
the web version of this article.) 
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≤ 0.27, p ≤ .843, see Appendix D Table S6, for all contrasts). We 
observed no significant main effect of sex, X2(1,29) = 1.39, p = .239. 

3.1.4.3.2. RT. We found no significant main effect of emotion, F 
(3,31.3) = 1.96, p = .139, ηp

2 = 0.16, CI95% = [0,0.36] (counter H3). 
The main effect of choice was not significant, F(1,22.8) = 0.38, p = .544, 
ηp

2 = 0.02, CI95% = [0,0.22]. Likewise, there was no significant main 
effect of sex F(1,61.3) = 1.27, p = .263, ηp

2 = 0.02, CI95% = [0,0.14]. 
However, we did find a significant emotion x choice interaction, F(3, 
684.7) = 7.37, p < .001, ηp

2 = 0.03, CI95% = [0.01,0.06] (H3), indi-
cating that participants were faster to categorize faces as trustworthy 
when they viewed happy expression (z = 3.31, p = .004). There was no 
difference in reaction times between trustworthiness for the neutral, 
disgust, nor pain expressions (counter H4) (all z ≤ 1.21; p ≥ .355; Fig. 2B 
and Appendix D Table S7, for all contrasts). Moreover, there was a 
significant interaction effect of choice and sex F(3,1328.8) = 6.11, p =
.014, ηp

2 = 0, CI95% = [0.00,0.01]. Post hoc analyses, showed that fe-
male expressions were categorized faster as trustworthy compared to 
male, z = 2.43, p = .031. There was no difference in RTs when cate-
gorizing expressions as untrustworthy, z = 0.96, p = .336. There was no 
significant interaction effect of emotion and sex, F(3,5824.5) = 0.89,p =
.448 ηp

2 = 0, CI95% = [0,0], nor a significant interaction effect of choice, 
emotion, and sex, F(3,2071.6) = 1.47, p = .220, ηp

2 = 0.00, CI95% =
[0,0.01]. 

3.1.4.3.3. AUC. Analyses revealed no significant main effect of 
emotion; F(3,68.6) = 1.48, p = .227, ηp

2 = 0.06, CI95% = [0,0.17], 
choice, F(1,27.5) = 0.01, p = .756 ηp

2 = 0.0, CI95% = [0,0.15], nor sex, F 
(1,55.7) = 1.20, p = .278 ηp

2 = 0.02, CI95% = [0,0.14]. However, we 
found a significant interaction effect of choice and sex, F(1,3636.3) =
21.33, p < .0001, ηp

2 = 0.00, CI95% = [0,0.01]. The AUC was larger 
when categorizing a female expression as untrustworthy, z = 2.13, p =
.033. While the AUC was larger when categorizing male expressions as 
trustworthy, z = 3.62,p = .001. There was no significant interaction 
effect of emotion and sex F(3,6232.3) = 0.46, p = .713, ηp

2 = 0.00, 
CI95% = [0,0.01], nor a significant interaction effect of choice and 
emotion F(3,1676.7) = 2.46,p = .061, ηp

2 = 0.00, CI95% = [0,0.01], 
(counter H3, H4). There was no significant interaction effect of emotion, 
choice and sex, F(3,5000.8) = 0.16, p = .923, ηp

2 = 0.00, CI95% = [0,0.0] 
(Fig. 2C). 

3.1.4.3.4. MD. Analyses revealed no significant main effect of 
emotion F(3,65.8) = 2.01, p = .121, ηp

2 = 0.08, CI95% = [0,0.21] 
(counter H3 and H4), nor a main effect of choice, F(1,26.8) = 0.54, p =
.470, ηp

2 = 0.02, CI95% = [0,0.21] nor a main effect of sex, F(1,96.9) =
1.13, p = .255, ηp

2 = 0.01, CI95% = [0,0.09]. We found a significant 
interaction effect of sex and choice, F(1,5796.4) = 19.91, p < .0001. Post 
hoc analyses revealed, the MD was larger when categorizing female 
expressions as untrustworthy compared with males (z = 2.23, p = .026). 
Likewise, the MD was larger for male expressions that were categorized 
as trustworthy (z = 3.69, p = .001). There was no significant interaction 
effect of emotion and choice, F(3,1648.2) = 2.03, p = .108, ηp

2 = 0.00, 
CI95% = [0,0.01] (counter H3, H4), emotion and sex F(3,6335.4) =
0.89, p = .447, ηp

2 = 0.00, CI95% = [0,0.00], nor a significant interaction 
effect of emotion, choice and sex, F(3,5747.3) = 0.41, p = .744, ηp

2 =

0.00 CI95% = [0,0.00] (Fig. 2D). 

3.1.4.4. Computer-generated faces 
3.1.4.4.1. Categorization. The probability of categorizing the 

expression as trustworthy was 100 % 95%CI = [99,100]% for happy 
expressions and 100 %, 95%CI = [96,100]% for neutral expressions. The 
probability of categorizing the pain expression as untrustworthy was 99 
%, 95%CI = [94,100]% and 95 %, 95%CI = [86,98]% for disgust ex-
pressions. When excluding the 50 % expression intensity level the 
probability of categorizing the expression as trustworthy was 100 %, 
95%CI = [99,100] for happy expressions and 99 %, 95%CI = [99,100]% 
for neutral expressions. The probability of categorizing the pain 
expression as untrustworthy was 100 %, 95CI,[97,100]%, and 99 %, 

95CI = [94,100]% for disgust expressions. 
The GLME analysis showed a significant main effect of emotion 

(Fig. 2E), X2(3,27) = 33.48, p < .001. Concerning H3, post hoc com-
parisons revealed a significant difference between happy and disgust, z 
= 5.67, p < .001, and pain expressions, z = 5.59, p < .001. In contrast 
with H4, post-hoc analysis indicates that computer-generated pain ex-
pressions were perceived as less trustworthy than disgust expressions (z 
= 2.84, p = .006). All remaining post hoc comparisons were significant 
(all z ≥ 5.51, p ≤ .001), except for neutral vs happy (z = − 1.63, p = .104) 
(see Appendix D, Table S8, for all contrasts). When excluding the 50 % 
expression intensity level the GLME analysis still reported a significant 
main effect of emotion, X2(3,27) = 28.30, p < .001. The H3 was also 
confirmed by a significant difference between happy and disgust, z =
4.99, p < .0001, and pain expressions, z = 4.86, p < .0001. However, 
when testing H4, the difference between disgust and pain vanished (z =
1.50, p = .134)., and there was no difference in perceived trustworthi-
ness between neutral and happy faces (z = 2.01, p = .054). All remaining 
post hoc comparisons were significant (z ≥ 4.75, p ≤ .001) (Appendix D, 
Table S9). 

3.1.4.4.2. RT. We found no main effect of emotion F(3,4.98) =4.73, 
p = .064, ηp

2 = 0.74, CI95% = [0.0,0.90], nor a main effect of choice F 
(1,8.40) = 3.35, p = .103, ηp

2 = 0.28, CI95% = [0,0.65]. There was no 
significant interaction effect of emotion and choice F(3,5.60) = 2.18, p 
= .198, ηp

2 = 0.54, CI95% = [0,0.80] (Fig. 2F) (counter H3, H4). When 
excluding the 50 % expression intensity level the GLME analysis 
confirmed these results: no significant main effect of emotion F(3,2.0) =
1.32, p = .458, ηp

2 = 0.66, CI95% = [0.00,0.90], nor a significant main 
effect of choice, F(1,2.92) = 0.77, p = .447, ηp

2 = 0.21, CI95% =
[0.00,0.74], nor a significant interaction effect, F(3,4.01) = 0.30, p =
.828, ηp

2 = 0.18, CI95% = [0.00,0.56]. 
3.1.4.4.3. AUC. We found no significant main effect of emotion F 

(3,15.41) = 1.61, p = .227, ηp
2 = 0.24, CI95% = [0,0.50], nor a main 

effect of choice F(1,21.68) = 1.21, p = .284, ηp
2 = 0.05, CI95% =

[0,0.30], nor a significant interaction effect of emotion and choice F 
(3,182.81) = 2.11, p = .101, ηp

2 = 0.03, CI95% = [0,0.09] (Fig. 2G) 
(counter H3 and 4). When excluding the 50 % expression intensity level 
the GLME analysis confirmed these results: no significant main effect of 
emotion, F(3,520.54) = 0.42, p = .74, ηp

2 = 0.00[0.00,0.01], nor a sig-
nificant main effect of choice, F(1,25.01) = 1.08, p = .308, ηp

2 = 0.04 
[0.00,0.27], nor a significant interaction effect, F(3,1638.75) = 1.22, p 
= .301, ηp

2 = 0.0[0.00,0.01]. 
3.1.4.4.4. MD. We found no significant main effect of emotion F 

(3,20.31) = 1.41, p = .268, ηp
2 = 0.17, CI95% = [0, 0.41], nor a main 

effect of choice F(1,25.08) = 1.19, p = .285, ηp
2 = 0.05, CI95% =

[0,0.27], nor a significant interaction effect F(3,258.29) = 2.16 p = .094, 
ηp

2 = 0.02, CI95% = [0, 0.06] (Fig. 2H) (counter H3, H4). When 
excluding the 50 % expression intensity level the GLME analysis 
confirmed these results: no significant main effects of emotion, F 
(3,8.55) = 2.59,p = .120, ηp

2 = 0.48, CI95% = [0.00,0.73], nor a sig-
nificant main effect of choice, F(1,16.82) = 1.36, p = .259, ηp

2 = 0.08, 
CI95% = [0.00,0.37], nor a significant interaction effect, F(3,12.12) =
2.48, p = .111, ηp

2 = 0.38, CI95% = [0.00,0.64]. 

4. General discussion 

Research highlights how the assessment of a patient's condition can 
be jeopardized by disbelief, lack of empathy, and trust in the patient's 
pain expressions, thus highly contributing to the stigma surrounding 
chronic pain (De Ruddere et al., 2012, 2014; De Ruddere & Craig, 2016; 
Sims et al., 2021; Wakefield et al., 2021). Our main expectation was that 
trustworthiness ratings would be lower for both disgust and pain ex-
pressions compared with happy expressions (H1) and that disgust and 
pain expressions would be categorized more as untrustworthy relative to 
happy expressions (H3). By contrast, we expected no significant differ-
ence in self-report and categorization performance between disgust and 
pain (H2, H4). Importantly, categorization findings should not have 
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been accounted for by a poor (i.e., chance-level) identification of disgust 
and pain expressions (H5). 

In line with our H1 and H3, not only facial expressions of disgust, but 
also painful expressions are judged as less trustworthy than happy ex-
pressions. It is noteworthy that Study 1 revealed no significant differ-
ence in trustworthiness ratings between pain and neutral expressions of 
real faces. Interestingly, research indicates that neutral expressions may 
be perceived as not so neutral (Albohn et al., 2019; Lee et al., 2008). In 
contrast with our H2, we found different trustworthiness ratings for pain 
and disgust expressions of real faces in Study 1. In addition, we found 
lower trustworthiness categorization for disgust than pain expressions 
for computer-generated faces in Study 2. Crucially, when excluding 
trials displaying ambiguous expressions (i.e., 50 % degree of expres-
sion), there was a substantial overlap in categorization performance. 

It is worth noting that these differences cannot be accounted for by 
participants inability to distinguish between disgust and pain expres-
sions. Indeed, the participants' performance in the Specific Emotion task 
in Study 2 suggests they could distinguish between pain and disgust 
(H5), thus excluding a perceptual confounder for both real and 
computer-generated faces (Appendix C, Fig. S3A-B). These findings 
support the notion that despite the similarity between the two expres-
sions (Ekman & Friesen, 1978), both the affective experience and threat 
signaled by disgust and pain expressions are not confused (Kunz et al., 
2013). 

Such a mechanism may have important implications for clinical pain 
practice, as previous research suggests that perceived trustworthiness 
does not reflect the actual trustworthiness of our interaction partners 
(Rule et al., 2013). Indeed, past research indicated that patients' pain 
reports are often met with doubt and skepticism by observers (Blomqvist 
& Edberg, 2002; Clarke & Iphofen, 2005; Montali et al., 2011) and that 
this can lead to an underestimation of pain (Riva, Rusconi, et al., 2011; 
Rusconi et al., 2010). 

In addition, and in contrast to the explicit choice data, none of the 
implicit psychomotor dependent variables (RT, AUC, MD) highlighted 
an interaction between facial expression and categorization (H3, H4). 
However, due to the strong trustworthiness categorization for happy 
expressions, and strong untrustworthiness categorization for pain and 
disgust, this lack of effect could be due to limited power. Indeed, we 
obtained a lower number of trustworthiness categorization trials for 
negative expressions, compared with positive expressions (mirrored by 
greater vs lower untrustworthiness trials). While this confirms our initial 
hypothesis (H1), it questions whether these mouse tracking measure-
ments could be a sensitive behavioral index of trustworthiness. 

Although our work is insufficient to provide a robust answer to 
whether disgust and pain facial expressions entail different trustwor-
thiness processing, our Study 1 results seem to indicate a difference, at 
least for real facial expressions. We tentatively speculate that an 
evolutionary account of disgust and pain communication might offer 
one possible mechanism underpinning the lower trustworthiness re-
ported by onlookers (Steinkopf, 2016). Individuals observing disgust, 
may interpret it as a cue of a threat or potential harm, thus inducing 
them to withdraw from interaction. Less straightforwardly, because pain 
serves simultaneously as a signal of potential threat to others and as a 
request for help and care by others, it poses some significant interpre-
tative challenges to the observer's mind. Indeed, especially when 
contextual cues are poor or lacking (e.g., absence of a visible wound), 
the sufferer might be exaggerating (even faking) pain (Finlay & Syal, 
2014), thus potentially posing a threat themselves or exploiting the 
observer's assistance (Steinkopf, 2015; Williams, 2002). It follows that 
identifying pain expressions as untrustworthy may depend more than 
disgust expressions on contextual information. This is a question yet to 
be addressed by empirical research. 

Although unclear whether computer-generated faces are judged as 
less trustworthy than real faces (Balas & Pacella, 2017; but see Night-
ingale & Farid, 2022 for recent antithetical outcomes), previous 
research already highlighted the neural and perceptual difference 

between real and artificial faces (Balas et al., 2018), or even real but 
posed facial expressions (Jia et al., 2021), thus suggesting the presence 
of an intrinsic role of the “reality” and “naturalness” of the stimulus. 
However, when assessing posed and genuine expressions of pain, par-
ticipants do not seem to make a significant distinction (Mende-Siedlecki 
et al., 2020 for a critical assessment) or even attribute more intense pain 
to posed expressions (Fernandes-Magalhaes et al., 2022). 

4.1. Limitations and future directions 

Based on current results, we would rather refrain from further 
speculating on the potential difference between disgust and pain, for two 
main reasons. First, Study 2 sample is small, and replication with a much 
larger sample would be necessary. Second, demand characteristics and 
social desirability phenomena may explain the lower trust assigned to 
negative expressions in both studies, particularly in Study 1, where re-
spondents did not receive the instruction to respond as fast as possible. 
Our respondents might have answered what researchers were expecting 
them to answer, thus contaminating the interpretation of our findings 
(de Quidt et al., 2018; Mummolo and Peterson, 2019). This explanation 
may be more likely (or sufficient) for computer-generated expressions 
due to the near-ceiling categorization performance observed compared 
with real expressions (i.e., perfect imputation of trustworthiness to 
happy and neutral expressions and untrustworthiness to disgust and 
pain). Nevertheless, to improve the interpretability of results, future 
studies might favor a web-survey task-based experimental approach 
(instead of the correlational design we used in Study 1). Finally, we must 
also acknowledge that 1) we compared pain expression only with 1 
positive and 1 negative type of expression, 2) the stimuli had little 
ecological validity because they were bidimensional static stimuli 
devoid of contextual information, 3) we had a prevalence of female 
participants that displayed a significantly biased judgment and perfor-
mance depending on the sex of the actors displaying the real expressions 
(cf. interaction effects with sex in supplementary Appendixes B and D, 
Tables S2, S6). All in all, diversifying the sample (moving beyond the 
predominance of female and student participants), and increasing the 
sample size and the number of trials (perhaps with an even more 
ecological stimulus material), would allow addressing the fine-grained 
question of whether there is a difference in trustworthiness judg-
ments/categorization performance during observation of pain vs disgust 
expressions. 

To replicate the current findings, researchers will also have to 
consider other methodological nuances we overlooked. For example, we 
used a single neutral computer-generated face to reduce the number of 
confounding variables, such as age and race, and thus avoiding 
complicating the design. However, this choice led us to having a limited 
number of stimuli for the computer-generated set compared with the 
real faces set because the latter would vary per gender and actor (i.e., n 
= 24; neutral expressions: n = 6). By the same token, the habituation 
caused by single neutral expressions for the computer-generated faces 
may have been paralled by similar habituation for the real expressions, 
for which the different degrees of expression were not possible. Besides, 
the fact that computer-generated pain and disgust facial expressions 
were found different only when 50 % degree of expression was included 
in the analysis suggests that, even though participants successfully 
distinguished between emotions, the ambiguity/dynamics of expression 
may still affect their trustworthiness judgments for negative expressions 
(Appendix D, Table S9). Future studies investigating the relationship 
between perceived facial trustworthiness (Todorov et al., 2015 for a 
review) and pain display should consider the limitations mentioned 
above. Nevertheless, we believe our findings may spark a new stream of 
research to assess the perceptual and cognitive determinants of trust-
worthiness associated with facial expressions of pain in the lab and 
clinical settings. For example, future research may integrate advance-
ments in artificial intelligence (AI), which hint at increased realisticness 
of AI-synthesized faces and increased trustworthiness (compared with 
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real faces, see Nightingale & Farid, 2022). 

5. Conclusions 

Our findings reveal for the first time that both pain and disgust ex-
pressions were perceived as less trustworthy compared with positive 
expressions. This outcome is consistent with overgeneralization for 
positive vs negative facial expressions. In addition, computer-generated 
facial expressions of pain are perceived as untrustworthy as disgust 
expressions (compared with positive facial expressions). Perceptual and 
cognitive biases during the trustworthiness judgment of a patient's facial 
expression may significantly contribute to chronic pain stigmatization. 
Thus, the current study provides evidence for an early perceptual 
mechanism (face perception) that may play a role in distrusting the 
patient's pain reports by observers and clinicians and warrant more 
research in both experimental and clinical settings. 
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