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POPULAR SCIENCE SUMMARY  
Pain is the number one reason individuals seek medical care. Its presence helps 

humans identify actual or potential tissue damage and to engage in behaviors that either avoid 
the noxious input or seek care to increase the odds of survival. However, this can go awry, 
and certain individuals may be more prone to experience pain and be more pain sensitive. 
This can happen from genetic and physical precursors; however, it can also occur from social 
factors. The literature in pain shows that Historically Marginalized Populations (HMPs) 
experience more pain and are more pain sensitive. HMPs in the United States include 
disabled, racialized, and sex and gender minoritized persons. People of these identity groups 
have experienced social and system level inequities that make pain more likely and more 
intense. Additionally, HMPs are underassessed and undertreated in the United States 
(Anderson et al., 2009; Blair et al., 2013; Eversley et al., 2005; Green et al., 2003; Ng, et al., 
1996; Reyes-Gibby et al., 2007; Todd et al., 2007).  

Once an individual experiences pain and determines its severity, they are likely to 
engage in behaviors of avoidance (i.e., avoiding a noxious stimulus) or treatment seeking. In 
the case of seeking care and treatment, humans have many options afforded them. An 
individual can seek a physical setting like emergency rooms and urgent care centers, but they 
can also go to primary care physicians or identify a specific physician through online 
resources like Zocdoc. The plethora of options may overwhelm someone in pain, but the 
decision should not come lightly, as the decision about what type of treatment option to 
pursue may have consequences on their pain outcomes. Beyond the environmental 
differences associated with each care setting, differences could also emerge from something 
as simple as the facial characteristics of the medical provider. We know from literature in the 
field of emotion and social perception that individuals can make quick judgments and their 
emotions can be influenced from a single image of a face. We find that this is also the case 
for participants who assessed potential provider faces while rating how much pain and 
treatment they expected with general pain procedures. Participants expect less pain and less 
intense treatment when shown a potential provider they consider similar to themselves. This 
provides another example of pain perception and pain expectations being modulated from 
social and cognitive factors. Although many factors may impact the amount of pain a patient 
experiences, a patient must describe their pain to a medical provider in order to be treated. 

The majority of the literature on health inequities is based on subjective, verbal self-
reports. Although pain is a unique experience, trying to simplify pain into a number may be 
difficult and our pain scales may not generalize to all patient populations. In response, we 
aimed to investigate whether individuals varied in their confidence of verbal self-reports of 
pain. Although individuals reported high levels of confidence throughout the task, we 
observed the presence of variability in confidence judgments suggesting individuals can 
make higher-order judgments regarding their pain. This provides another metric that 
providers can ask their patients during pain assessments, which will hopefully increase the 



 

 

conversations patients and doctors have about pain by prompting providers to go beyond 
simple numerical pain rating assessments.  

Evidence from the literature on pain assessment and pain treatment suggests that 
HMPs report more verbal pain and receive less care. Therefore, it is likely that providers are 
not just using verbal reports of pain to make their assessments and treatment plans. Instead, it 
is likely that medical providers also utilize nonverbal information to inform their treatment 
outcomes. Indeed, medical providers describe using facial expressions in their pain 
assessments. Trying to identify if biases emerge when an individual assesses pain-related 
facial expressions is important to solidify; however, it has proven difficult as there is a lack of 
diverse facial expressions of pain databases. We, along with previous research, created 
computer-generated images to assess potential disparities in assessing pain-related facial 
expressions. Surprisingly, we did not observe consistent sociocultural biases using computer-
generated images. However, we did observe difficulties in perceivers abilities to recognize 
pain-related expressions as pain (pain was only decoded 7% of the time), suggesting priming 
and context may be important for assessing pain-related facial expressions. Finally, we are 
developing the first database of diverse facial expressions of real acute pain to better assess 
potential biases in nonverbal pain assessment. We used videos from this in-progress database 
and observed racial biases in pain assessment, such that perceivers rated pain more often and 
at higher intensities for White compared to Black target videos. Furthermore, we observed 
moderation of these effects, such that increased levels of perceived similarity increased racial 
biases in pain categorization and increased endorsement of racial bias via the Modern Racism 
Scale increased racial biases in pain intensity judgments. We did not observe biases by 
gender, suggesting nonverbal pain assessments may not be at the root of clinical biases in 
pain assessments by gender.  

Altogether, our work indicates a particularly important role for social and cognitive 
factors in pain expression and cognition. We observed a role for social impressions in pain 
expectations and confidence in self-reports of pain, a role for context and priming in 
perceiving pain in pain-related facial expressions, and an important role for sociocultural 
factors in assessing videos of real acute pain.  

 

 

 

 

 

 



 

 

 

ABSTRACT 
Background: Health inequities in pain are rampant in the United States. Historically 
marginalized populations (HMPs) experience increased levels of pain, pain more often, and 
receive less pain treatment. Health inequities are largely based on verbal reports, suggesting 
providers are not standardized in their assessments of verbal pain. As pain is a complex 
phenomenon, it is important to understand the decision-making process underlying verbal 
self-report and to identify potential ways nonverbal information might impact both a person’s 
real and expected pain outcomes and how perceivers assess pain in another individual.   

Aim:  Across four studies, we aimed to assess how individuals experience and report pain 
and how individuals perceive pain in others. We aimed to identify 1) how provider’s facial 
characteristics might impact a persons expected pain outcomes and 2) whether individuals 
varied in their confidence in their verbal self-reports of pain. We also aimed to 3) identify if 
individuals bias their pain assessment outcomes by sociocultural effects when presented 
computer-generated images of pain-related expressions and 4) when presented videos of real 
acute pain.  

Methods: We used several experimental methodologies and tools to assess pain experience 
and pain assessment. We used an experimental paradigm of acute heat pain to assess verbal 
self-reports of real acute pain and participant’s confidence in their pain reports. We used 
online methods, by presenting facial images and asking for perceiver self-reports, to assess 
how individuals’ perceptions of potential providers impact expected pain outcomes and how 
individuals perceive pain in computer-generated images. Online methods allowed us to reach 
a more general sample, across the United States and to safely collect data during the COVID-
19 pandemic. Finally, we used a mixed-methods approach, by running online sessions with 
telehealth visits to interact with each of our online participants. We investigated how 
individuals assess videos of acute heat pain and this mixed-methods approach allowed us to: 
collect more information from each participant, reinforce the instructions and verify task 
understanding, and to continue safe data collection during the COVID-19 pandemic.  

Results: Individuals exhibited influences in their expected pain and medication outcomes in 
an online task in which participants were presented several potential providers. Participants 
expected less pain and medication use when viewing similar providers. However, the effect 
of perceived similarity was stronger for White compared to other racialized participants. 
Individuals also reported high levels of confidence in their verbal self-reports of pain during 
an in-person pain calibration task with aversive heat stimulation. Although reports of 
confidence were high, we did observe significant variability in explicit reports of confidence 
that associated with pain rating reaction time. We also observed biases in our participants 
when they assessed pain in others.  Although we did not observe sociocultural biases in pain 
assessment to computer-generated images, we did observe biases in pain perception 
compared to other emotions. Pain was rarely perceived (7%) when it was equally presented 



 

 

compared to other basic emotions. We also observed biases by race and gender in emotion-
related decisions. Finally, when we presented participants with videos of acute heat pain, as 
opposed to stills of computer-generated images, perceivers exhibited typical biases by target 
race. Perceivers were less accurate, saw pain less often, and reported less intense pain in 
Black targets compared to White targets. Racial biases pain categorizations were increased by 
perceived similarity and racial biases in pain intensity judgments were increased with greater 
endorsement in explicit racism via the Modern Racism Scale. Finally, we observed atypical 
gender biases, such that perceivers reported pain more often and more intense pain in women 
targets compared to men.               

Conclusions: Individuals are biased in their expected pain outcomes based on the facial traits 
of potential providers, suggesting a need to diversify the medical workforce and the potential 
importance for patient input in selecting their providers. Individuals also typically report pain 
ratings with high levels of confidence; however, variability does exist and suggests 
confidence is another measure of verbal report that can be probed by researchers and 
providers alike. Finally, our results suggest that individuals can have difficulty identifying 
pain in pain-related expressions without priming or context. However, using more 
ecologically valid stimuli (i.e., the videos of real acute pain that we created), allowed us to 
experimentally extend pain assessment biases by race to experimental settings and indicate 
racial bias as a potential target for pain assessment bias intervention.     
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1 INTRODUCTION 
Pain impacts us all in meaningful ways to increase our ability to survive. Pain sensations 
motivate us to avoid situations that may cause actual or potential tissue damage, like 
removing one’s hand quickly from a hot stove, and to convey distress and a need for help to 
others. Most individuals seek treatment for their pain, either in the form of over-the-counter 
pain relievers or by seeking medical care in more severe cases. However, pain does not occur 
equitably nor does equitable care occur in the United States.  
 
“I have continued to have my pain dismissed and told that I should not be worried because 

I’m young, despite the debilitating impact this has had on my life.” – Pearis Bellamy 
 

One of my peers, a self-identified Black woman, struggled to be believed and 
could not access care for her pain. Her life experience highlights well established health 
disparities in pain (e.g., Ly, 2019). In the United States, Black and Latinx patients are two 
times less likely to receive an analgesic to treat their pain (Todd et al., 1993, 2000) and 
both, in addition to women patients, receive less potent analgesics when they do receive 
treatment (Meghani et al., 2012, 2015; Shah et al., 2015; Singhal et al., 2016). This 
undertreatment disparity becomes even more striking when one considers that Black 
patients and women patients experience more severe and more frequent pain in the clinic 
(e.g., Faucett 1994; Shep et al., 2000). This mirrors work in controlled experimental 
paradigms, which also show historically marginalized populations (HMPs; i.e., women and 
racialized individuals) experience more pain and are more pain sensitive than their White 
and male counterparts, respectively (Kim et al., 2017; Mogil et al., 2012). These 
overwhelming disparities in pain and its treatment provide a critical and urgent challenge to 
the US healthcare system.  
 

Addressing these disparities is a substantial challenge, as pain is an individualized 
experience (Coghill et al., 2003) that can only be measured through patient report. As such, 
it is particularly subject to interpersonal factors and medical providers’ biases (e.g., 
Schulman et al., 1999; Hoffman et al., 2016). We have the theoretical frameworks for 
identifying how these biases may form and impact clinical outcomes (Blair et al., 2011; 
Perloff et al., 2006; Shavers et al., 2012; Zajacova et al., 2022; Zescott et al., 2016) and it is 
with this knowledge that I came into my research program between the National Institutes 
of Health (USA) and Karolinska Institutet. It has been my goal to work on research that has 
clinical significance and pursue research with a social equity lens. It is with this lens that 
we try to answer the call by the research community in pain to pursue more racial equity in 
pain science (Booker et al., 2021; Hood et al., 2022; Letzen et al., 2022; Mathur et al., 
2022), by assessing the pain decision making process and assessing potential biases in pain 
expectations and pain assessment.   
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2 LITERATURE REVIEW 
Pain is the number one reason individuals seek medical care. Its presence allows humans to 
estimate potential and actual damage to the body and its tissue (Merskey et al., 1979). Yet, 
the mechanisms that lead to pain perception are still debated. Pain sensations likely stem from 
a combination of multiple systems (e.g., affective, sensory, and cognitive; Melzack & Casey, 
1968), but there is a dearth of empirical evidence in the central nervous system to clearly 
understand its presence (Moayedi & Davis, 2013). This lack of evidence and the variability 
that individuals express pain partly explains our lack of objective pain measures and why we 
use self-report measures as our main diagnostic for pain in clinical settings (Breivik et al., 
2008). 

Subjective self-report has been described as the gold standard for pain assessment 
(e.g., McGrath et al., 1996). Yet, there is variability in the type of scale used by medical 
providers to obtain patient-reported pain (Chapman et al., 1985) and providers do not provide 
standardized care based on verbal self-reports (Staton et al., 2007; Stepanikova, 2012; Stone 
& Moskowitz, 2011). In general, pain scales all try to simplify the pain experience to a single 
data point (e.g., a single number). But, in doing so, pain-report may fail to capture the 
multidimensional and complex phenomenon of pain (Williams et al., 2000). Indeed, pain 
experiences may involve several sensory and affective components (Melzack, 1975). 
Furthermore, pain experiences and conceptions of pain may change over time from major 
events and minimal cognitive manipulations like conditioning and priming (Atlas et al., 
2010). It’s also possible for factors outside of the pain experience to impact pain processing. 
In the field of social psychology and perception, individuals can experience changes in their 
emotions from viewing the emotions of other faces (Goldenberg & Gross, 2020). Recent 
work has included social factors as important factors in pain perception and pain expectations 
(Atlas & Wager, 2014; Boring et al., 2021, 2022; Hadjistavropoulos et al., 2011; Karos et al. 
2015; Morais et al., 2021) and highlight its potential importance in greater pain sensitivity in 
HMPs (Mathur, 2019). 

With all the potential influences on pain report and pain conceptualization, it is 
reasonable and encouraged to probe for information that goes beyond a simple numerical 
rating (Williams, 2002). First it will be important for us to determine whether individuals are 
confident in their verbal self-reports to determine how reasonable our scales are as measures 
for pain assessment. But it will also be important for us to move beyond verbal reports to also 
assess nonverbal behaviors. Indeed, it is unlikely that a clinician only uses verbal data when 
identifying the appropriate treatment for their patient. Rather, the clinician likely utilizes both 
verbal and nonverbal sources of data to assess their patient (Schiavenato & Craig, 2010). 
Unfortunately, it is unknown how the clinician weighs either data point in deciding their 
treatment plan and it is unknown whether the nonverbal behaviors of patients align more 
closely to doctors assessments. This is particularly important to disentangle, as it is 
commonly noted that doctors underassess pain in their patients (e.g., Marquie et al., 2003), 
are noted to mistrust their patients (e.g., Werner & Malterud, 2003), and there is a large 



 

4 

literature that highlights the bias and undertreatment of HMPs (Cooper et al., 2012; De 
Ruddere et al., 2011; Hall et al., 2015; Klonoff, 2009; Penner et al., 2010; Schafer et al., 
2016) that exist independent of factors indicating a lack of access to care and treatment (e.g., 
health insurance coverage; Smedley et al., 2003). Facial expressions, which are commonly 
included in nonverbal pain assessments, may prove fruitful to better understand how medical 
providers utilize nonverbal behaviors (LeResche & Dworkin, 1984). Furthermore, pain 
assessments for general patient populations do not typically include facial expressions as an 
outcome and this lack of standardization may make nonverbal pain assessment particularly 
prone to biases.  

In the following sections, I will review social influences of pain, verbal and nonverbal 
pain expression, and pain assessment. I will cover commonly used scales to assess pain in the 
clinic and highlight the potential for patient uncertainty to arise when rating pain and the 
potential for sociocultural biases to occur in a both patients and providers. 

2.1 SOCIAL INFLUENCES ON PAIN OUTCOMES.  

We know from perceptual decision making that cognitive factors like instructions, memory, 
attention, and expectations can impact how a sensation is experienced (Moriarty et al., 2011). 
Several factors are also implicated in manipulating pain experiences. Attention has been 
observed to modulate pain experiences such that attention towards an aversive stimulus or 
pain experience can increase its intensity (Quevedo & Coghill, 2007), whereas attention away 
from a stimulus or pain can decrease pain intensity (Terkelsen, 2004). Furthermore, in tasks 
of expectations, participants can be instructed (Atlas et al., 2016) or conditioned via 
experiential learning to expect and thereby experience more intense pain (hyperalgesia) from 
the same objective stimulus (e.g., same temperature in a heat pain task) or experience less 
pain (analgesia) from the same objective stimulus (Atlas, 2010). However, pain is not only 
influenced by cognitive factors.  

Many researchers have updated their models of pain to include a biopsychosocial lens 
(Lumley et al., 2011), indicating an importance of social factors on pain outcomes. Although 
this shift started prior the turn of the 21st century, social factors have been assessed far less 
than psychological and biological factors in pain modulation (Nicholas, 2022) and the 
inclusion of social factors in the definition of pain occurred much later (Williams & Craig, 
2016; Raja et al., 2020). Yet, the behaviors elicited by pain are quite social. Pain can elicit 
postural changes, facial expressions, verbal reports and vocalizations (Williams, 2002) that 
can signal to another that danger is near (Vlaeyen & Linton, 2000) or that treatment and care 
is needed (Craig, 2004, 2009).  

This socially communicated pain will also lead to motivated actions within the 
observer to either escape the potential threat or to assist the person in pain (Yamada & 
Decety, 2009). Although the observer will be limited in their ability to empathize with the 
sensory or external inputs that the patient may have experienced (Goubert et al., 2006), the 
observer will do their best to interpret the cause of pain and they may assess the environment 
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for evidence and contextual clues to help them identify the source of pain (Martel et al., 
2008). This observational learning can lead to avoidance behaviors in the observer (Colloca 
& Benedetti, 2009; Goubert et al., 2011); however, the observations can also impact future 
pain outcomes in the observer (Golkar et al., 2015; Olsson et al., 2005; Olsson & Phelps, 
2007; Wandner et al., 2012). Indeed, when an observer views someone who can tolerate pain 
well, the observer experiences lower levels of pain themselves (Craig & Prkachin, 1978) or 
expects relief (Schenk et al., 2017); whereas observations of suffering and intense facial 
expressions leads to increases in pain report in the observer (Hein et al., 2010; Loggia et al., 
2008; Reicherts et al., 2013). Furthermore, social effects on the observer are salient enough to 
induce changes in pain perception and pain behaviors from manipulations as simple as 
showing the pain ratings of others (Koban et al., 2019; Koban & Wager, 2016; Yoshida et al., 
2013). 

Beyond the effects of observational learning and social conformity, social effects on 
pain perception can occur from both positive and negative social interactions and support 
networks. Many beneficial health outcomes have been attributed to positive social support 
(Faucett & Levine, 1991; Turner & Noh, 1988). In contrast, pain outcomes can be worsened 
from negative social relationships and social conflict (Feuerstein et al., 1985; Goldberg et al., 
1993; T. Hadjistavropoulos et al., 2004). This can extend to relationships that go beyond 
family and close others, by experiencing negative outcomes from others and society at large 
in the form of social discrimination, exclusion, stigmatization, and isolation (De Ruddere & 
Craig, 2016; Karos et al., 2018, 2022; Scott et al., 2022). These effects are likely underlying 
the disparities in pain sensitivity and occurrence observed in HMPs (Campbell et al., 2005; 
Fillingim, 2017; Woodrow et al., 1972).  

The final social interaction of particular interest is the social interaction between 
patients and providers. Although social outcomes and social consequences of pain are rarely 
measured and reported in pain management research and practice (Ashton-James, et al., 
2022), we know they are important factors to consider, and they have a direct impact in 
patient-doctor interactions. We know that a patient’s healthcare expectations can be greatly 
shaped by the healthcare context (Necka & Atlas, 2018) and through full interactions with a 
medical provider (Chen et al., 2019; van Osch et al., 2017). A patient can have positive 
experiences in the medical context (Howe et al., 2017; van Osch et al., 2017), which can 
decrease the amount of pain they expect. These changes in pain expectations can lead to 
actual reductions in pain experience on their own (analgesia) or through the use of an inert 
substance (placebo analgesia; Wager & Atlas, 2015). Furthermore, perceived traits like 
similarity between a patient and provider can also lead to decreased pain outcomes in both 
real (Street et al., 2008) and simulated interactions (Losin et al., 2017). However, a patient 
can also have negative experiences in the medical context that can occur from biased 
providers (e.g., providers exhibiting racism and sexism; FitzGerald & Hurst, 2017; Craig et 
al., 2020). This is important to consider as health inequities in the United States also increase 
the levels of mistrust HMPs have towards health care and medical providers, which may 
cause internal-conflicts in HMPs seeking medical care (Bergsieker et al., 2010). HMP 
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patients are also less likely to exhibit positive expectations and are less likely to present pain 
relief in clinical and experimental contexts (Letzen et al., 2021), suggesting potential 
interactions between psychological and social factors.  

Mistrust in medical systems have likely worsened with the global pandemic; 
however, how the pandemic has affected pain outcomes is less known. What we do know is 
that medical care has been adapting with the pandemic and medical care has transitioned to 
more remote telehealth visits (Baum et al., 2021; Koonin et al., 2020). Along with this change 
in care, which may decrease in-person social interactions, patients have had more options and 
control in specifying their providers (e.g., Zocdoc). It will be important to determine how 
individuals make preferences deciding their providers and whether short presentations (i.e., 
impressions) of potential provider faces impacts a patient’s expected pain and treatment 
outcomes. Tools to select providers prior treatment and clinical visits may be particularly 
important for HMP patients, who may be able to identify medical providers that they believe 
they can trust and seek adequate care from as opposed to being assigned a random medical 
provider who may lack cultural competency and may exhibit typical healthcare biases (e.g., 
Pulice-Farrow et al., 2020).  

 

 

 

From literature on social psychology and perception, we know that impressions can 
be made within 50 milliseconds and do not require a full interaction to form (Fiske et al., 
2006; Necka et al., 2016; Stanford et al., 2010).  These impressions can impact an 
individual’s behaviors (Necka 2018, 2019) and their expectations (Feldman Hall et al., 2017). 
Preliminary work has exhibited a potential role of impressions in pain expectations. 
Impressions of warmth, trust, and competence in a provider during a five-minute presurgery 
consultation predicted post-surgical pain outcomes (Ashton-James et al., 2019). Whether 
shorter impressions impact pain outcomes is still unknown.  

Created with 
BioRender.com  
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2.2 SELF-REPORT PAIN MEASURES.  

Although we know that pain can be influenced by several cognitive and social factors, and it 
may be particularly difficult for a person to simplify their pain experience into a 
unidimensional outcome, self-report of pain is still the de facto measure of pain when a 
patient seeks medical care. Typically, at the start of the patient-doctor interaction, a medical 
provider will ask the patient how much pain they are in. Yet, there is variability in the type of 
scale used by medical providers to obtain patient-reported pain (Chapman et al., 1985). The 
most-often used scales (e.g., Visual Analogue Scales (VAS), Verbal Rating Scale (VRS), and 
the Numerical Rating Scale (NRS)) all have varying levels of specificity, but they all try to 
simplify pain to a single data point. Although pain can be accompanied with a diverse set of 
behaviors such as facial expressions, body postures, avoidance, and verbal reports) and may 
impact a host of bodily functions and psychophysiology (e.g., skin conductance and pupil 
dilation; Mischkowski et al. 2019); it is typically only assessed with one of the following 
scales. The VRS is an ordinal scale, which asks the patient to classify their pain into one of 
four or five categories (e.g., ‘Nil’, ‘Slight’, ‘Moderate’, ‘Severe’, and ‘Agony’; Keele, 1948). 
This scale tries to ensure that the categories are similarly conceived by each patient; however, 
the interpretation of each word can vary patient-to-patient and it cannot be assumed that 
movement from one category to the next is equidistant (Heft & Parker, 1984). The NRS, an 
often 11-point discrete scale, is the most common assessment in clinical settings (Krebs et al., 
2007). The NRS uses end-point markers, such as ‘no-pain’ to the left and ‘worst pain 
imaginable’ to the right. The number chosen can either be reported vocally or graphically, 
and the number of data points used ranges from 11 – 101 points (Williamson & Hoggart, 
2005). Finally, the VAS is a graphical line represented with end-point markers ‘no-pain’ and 
‘worst pain imaginable.’ The patient is required to mark on paper, or electronically, the point 
on the line that corresponds with their pain experience, and it cannot be reported vocally 
(Jensen et al., 1986). There are an infinite number of outcomes with the VAS, and it has been 
noted to have ratio scale properties (Price et al., 1983). These scales have observed good test-
retest reliability (above 0.90; e.g., Hawker et al., 2011) and high correlation-coefficients 
between each other (e.g., Ferreira Valente et al., 2011); however, it is noted that certain 
populations may have a harder time interpreting the scales (e.g., illiterate patient populations 
with the VAS; Ferraz et al., 1990) and patients report that the scales do not capture their 
entire pain experience (e.g., Hush et al., 2010). This highlights a problem with current 
attempts to produce biomarkers for pain. Although we may find tools that may work with 
group level data, the tools may not be sensitive to individual differences (e.g., algorithm 
biases against women and racialized patients; Zou & Schiebinger, 2018) and assessing 
construct validity is not feasible without objective markers. This is particularly true if tools 
are built on homogenous data, which may occur from limited diversity in studies of pain 
(Dildine & Atlas, 2019).  

2.3 CONFIDENCE IN SELF-REPORTED PAIN.  
As reported above, patients do not always feel like unidimensional pain reports give a full 
representation of their pain; but does this have any impact on their confidence in their verbal 
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self-reports of pain? Reporting pain engages cognitive processes but appraising whether the 
number or category chosen to describe one’s pain is accurate or not engages metacognitive 
(‘knowing about knowing; Metcalfe & Shimamura, 1994) processes. Whether people can 
engage in pain metacognition is still understudied, but we know that people can engage in 
these processes in domains as varied as memory (e.g., Nelson, 1990) and value (e.g., De 
Martino et al., 2013). We also know from perceptual decision-making tasks in other sensory 
modalities (e.g., vision and audition) that participants can engage these processes and report 
variable confidence in their judgments (e.g., Gold & Shadlen, 2002; Heekeren et al., 2008).  

Although pain may have similar properties to other sensations, pain can also 
cause withdrawal and reflexive responses that may act prior to cognition. Indeed, there is 
evidence of pain-like motor responses in invertebrates (Fiorito, 1986). This rapid and 
evolutionarily conserved state may not allow for metacognition, or at the very least it may 
alter the process compared to other modalities. Therefore, it is important to probe whether 
people can make metacognitive judgments regarding their pain. Previous attempts to better 
understand the pain decision-making process looked to previous theories of decision making 
to assess pain ratings (e.g., Chapman, 1977). Researchers tried to apply the signal detection 
theory, a technique to parse true signal above and beyond noise, to pain rating decisions 
(Green & Swets, 1966). The theory typically applies pairs of stimuli and identifies the 
proportion of ratings that correspond with the assumed trajectory of pain intensity (i.e., how 
often does the respondent report a more intense stimulus as more painful). It identifies four 
quadrants of signal-response outcomes: the ‘correct’ identification of the presence of pain 
(signal) or more pain, Hit; the ‘incorrect’ or failure to identify the presence of pain or more 
pain, Miss; the ‘correct’ identification of no pain or less pain, Correct Rejection; and the 
‘incorrect’ outcome of identifying pain when no pain or less pain was present, False Alarm. 
However, the signal detection theory and its associated outcomes largely assume that the 
stimulus is the ground truth, and that pain will map perfectly with sensory input. This 
counters previous work to suggest that pain is multidimensional in nature (i.e., pain is not just 
related to sensory or stimulus features; e.g., Atlas & Wager, 2012).  Rather, this theory is 
more applicable to nociception (the activation of sensory neurons specific to pain) and 
highlights a common problem with studies assessing confidence in decision-making, i.e., they 
assume the self-reported response is incorrect when it does not match the stimulus properties. 
The ‘accuracy’ of the decision is typically associated with subjective confidence reports and 
can be used to make estimates of an individual’s metacognitive sensitivity and bias (Fleming 
& Lau, 2014). As mentioned previously, this does not seem appropriate for a phenomenon 
that incorporates more than just the sensory and external features of a stimulus and it is this 
multidimensional complexity that was central to arguments stating signal detection theory 
should not be applied to pain ratings (Rollman, 1979). Instead, pain studies should begin by 
simply asking patients to rate their confidence in their pain report.   

Pain is a quick process and as something salient that requires immediate 
attention to ensure survival in its most severe case, it may prevent or make higher order 
thinking more difficult. Furthermore, as self-reports of pain are often described as 
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subjective, philosophers would argue that a lack of confidence is impossible because the 
individual is the sole arbiter in determining what they are feeling and what is their truth. 
Therefore, it is possible that individuals always report pain with full confidence. This may 
be particularly true in the case of a binary rating assessing whether pain is present or not. 
Researchers have argued that there may be an ‘ouch’ detector to help signal the presence of 
pain in humans (Davis et al., 2015). However, as clinicians typically move quickly beyond 
categorical questions of whether pain is present or not to assess pain intensity (Karcioglu et 
al., 2018), it will be important to know if individuals vary in confidence in the amount of 
pain they report. If variability does exist in confidence in pain-report, this would give 
medical providers another question with which they could ask their patients regarding their 
pain. It has been reported that physicians engage in confirmation bias and may make 
cognitive shortcuts and rely on stereotypes both conscious and unconscious to end patient-
doctor interactions prematurely (Berner & Graber, 2008; Epstein et al., 2006; Redelmeier, 
2005). This can result in pain management and diagnostic errors for their patient, which 
could be particularly problematic for HMP patients, who are more likely to be on the 
receiving end of negative stereotypes from their providers (van Ryn & Burke, 2000). If, 
however, more questions regarding the pain experience were required to be asked (e.g., 
‘How confident are you in your pain report?’), we might be able to slow providers down in 
their pain assessments and allow patients more room to describe their pain experiences.  

As confidence is a cognitive process that impacts many emotion-based 
decisions (Rahnev et al., 2020) and its explicit data collection may not be possible or may 
alter current experimental paradigms of pain modulation, we also investigated potential 
implicit measures of confidence that could be used in future studies of pain modulation. 
Both reaction time (Koriat, 2012; Rahnev et al., 2020) and eye fixations (Brunye & 
Gardony, 2017; Krajbich & Rangel, 2011; Orquin & Mueller Loose, 2013) have been 
reported to relate to confidence in perceptual decision making in other sensory modalities, 
with slower reaction times and more fixations associated with decreased confidence. If 
either behavioral measure associates strongly with explicit reports of confidence in verbal 
self-reports of pain; then, future studies of pain modulation may be able to assess the role of 
confidence in their tasks with either behavioral measure.  

2.4 FACIAL EXPRESSIONS OF PAIN.  

In addition to asking patients to make verbal self-reports of pain, providers look at and assess 
facial expressions during pain assessments (Craig, 1992; Craig et al., 2001; Prkachin, 1992, 
2011; Prkachin & Craig, 1995). Providers have been noted to report greater trust in facial 
expressions as opposed to verbal reports (Prkachin et al., 1994) and they give more weight 
to facial expressions when facial expressions and verbal reports are incongruent (Rosenthal, 
1982; e.g., estimating low or no pain in the patient when facial expressions are not present 
even though the patient reported high levels of pain in verbal reports). How do facial 
expressions of pain form and how do providers assess these expressions?  
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There are 17 pairs of facial muscles in the face which are innervated primarily by the 
seventh cranial nerve (facial nerve; Sanders, 2010). Contraction in the muscle and activation 
of motoneurons leads to perceivable facial movements in humans (Cacioppo & Tassinary, 
1990) and this movement can be both voluntary and involuntary (typical of the upper regions 
of the face; Rinn, 1984). Facial movements of pain and expression are typically the result of 
both limbic system and neocortical control (Morecraft et al., 2001; Rinn, 1991) and can result 
in continuous (as opposed to categorically activated and deactivated) muscular changes 
(Etcoff & Magee, 1992; Jack & Schyns, 2015; Williams, 2002; Young et al., 1997). Facial 
expressions, like other emotional expressions, may be temporally short in duration (Craig & 
Patrick, 1985), but they may also be more prone to conscious influences. Indeed, individuals 
have been noted to be able to either suppress expressions (to increase survival by hiding 
negative outcomes from a predator, Willams, 2002) or to exaggerate expressions (to increase 
action in an observer (Prkachin, 1997). Scientific discourse on emotions and facial 
expressions was largely sparked by Darwin’s biological theory of expression (Darwin, 1872) 
and the work of Ekman and colleagues (Ekman et al., 1969). Their work and the development 
of the Facial Action Coding System (FACS; Ekman & Friesen, 1978) provided a tool for 
researchers to describe facial movements in terms of action units (units based on facial 
muscle contraction). LeResche was the first to apply FACS to pain and she concluded that 
facial pain expression was characterized by tightening around the eyes, brow lowering, a 
stretch of the mouth and a furrow of the nasolabial fold (LeResche, 1982). Her work, on 
candid photographs of pain, was extended to in-person pain experiences (Craig & Patrick, 
1985) and across multiple modalities of pain (cold, shock, pressure, and ischemia; Patrick et 
al., 1986). The movements observed were largely conserved across the studies and led to 
similar conclusions by a recent review on studies of facial expressions of pain (Kunz et al., 
2019). However, it has been noted that there is little variability in the geographic locations 
and samples of participants who have been studied for their facial expressions of pain 
(Dildine & Atlas, 2019) and these studies are based on human coders utilizing the FACS 
system (i.e., what is preventing FACS human coders from potentially exhibiting the same 
biases in pain perception and assessment as clinicians?). 

There have been technological advances to assess pain-related facial movement 
images through machine learning and computational neural networks (e.g., Chen et al., 2019). 
Software also exists today to automatically code for the FACS action units (e.g., iMotions 
software); however, recent reports point to poor algorithm development and biases in the 
machines coding facial expressions that may perpetuate or worsen existing biases (e.g., 
DeCamp & Lindvall, 2020; Parikh et al., 2019). Recent work by Barrett and colleagues 
(2019) also explains that studies on facial expressions of basic emotions fall prey to assuming 
a common view of facial expressions. This view assumes a prototypical display for a 
particular emotion, which is reinforced by authors who present singular face presentations for 
a particular emotion (e.g., pain, Simon et al., 2008). However, we note work that challenges 
the assumption of universality of emotional expressions (Jack et al., 2009; Jack et al., 2012). 
This is important to reiterate as studies on facial expressions of pain are few and limited 
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geographically. Barrett also points to many studies that use actors to display posed emotions, 
which also puts into the question the validity of these facial expressions (i.e., are they 
exaggerated forms of real expressions and do they lack involuntary movement behavior). 
Indeed, research on disgust has shown that real or spontaneous expressions are often harder to 
code and are not identified by automated systems (Yitzhak et al., 2017) and a meta-analysis 
of facial movements in response to emotional episodes showed greater variability in 
spontaneous movement activity and smaller correlations between emotion and facial activity 
(Duran et al., 2017) compared to posed expression studies (Cordaro et al., 2018; Elfenbein et 
al., 2007). There have been studies assessing genuine versus amplified pain expression and 
detection between the two is better than chance (Hadkistavropoulos, 1996; Lanzetta et al., 
1976) but that is not always a consistent finding (Poole & Craig, 1992). This may lead to 
medical providers making judgments to the validity of patient’s facial expressions of pain, 
though in general medical providers have been reported to believe nonverbal behaviors more 
than verbal report (Williams, 2002). This greater belief in nonverbal pain behaviors occurs, 
even though standard guidelines for nonverbal behaviors in pain have largely been restricted 
to nonverbal patient populations. 

Commonly used scales to measure nonverbal reports of pain include the BPS 
(Behavioral Pain Scale), CPOT, and the NVPS. The BPS, CPOT, and the NVPS assess facial 
expressions, limb movement and ventilation use from no response to full response and 
assumes the patient is intubated (i.e., requires the use of ventilation). These are particularly 
useful for patients not able to verbally convey their pain experiences to medical providers 
(Pudas-Tähkä et al., 2009). A patient may not have the cognitive facilities (e.g., infant, 
atypical neurodevelopment or cognitive impairment), may not be conscious (e.g., from 
sedation or physical trauma), or may lack the ability to move (e.g., locked-in syndrome) to 
report their pain. Instead, a medical provider must use nonverbal cues from the patient to 
assess pain. Looking specifically at facial expressions, the BPS assesses facial movement as: 
1, relaxed; 2, partially tightened; 3, fully tightened; and 4, grimacing (Payen et al., 2001). The 
CPOT scale uses similar markers for its rating schema (e.g., relaxed -> grimacing); however, 
it also includes descriptions for each marker (e.g., grimacing is described as ‘all of the above 
facial movements [frowning, brow lowering, orbit tightening, and levator contraction] plus 
eyelid tightly closed’; Gelinas et al., 2006). The NVPS mixes the approaches of the BPS and 
CPOT by giving multiple descriptors per marker (e.g., 0, no particular expression or smile; 1, 
occasional grimace, tearing, frowning, wrinkled forehead; and 2, frequent grimace, tearing, 
frowning, wrinkled forehead; Odhner et al., 2003). Unfortunately, the scales scoring overlaps 
in their descriptions (e.g., a person with a wrinkled forehead and tearing could be rated as a 1 
or 2 on the NVPS) and seem prone to subjective perceptions by the medical provider. 

Furthermore, these scales are specific to people who are unconscious or 
sedated. There are a limited number of scales related to conscious, though cognitively 
impaired, individuals (e.g., the Checklist of nonverbal pain indicators and the Observational 
pain behavioral tool; Feldt, 2000; Simons & Malabar, 1995) and a few scales exist 
specifically to assess children and infants (e.g., Modified Behavior Pain Scale and the Faces 
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Legs Activity Cry and Consolability scale; Crellin et al., 2018; Voepel-Lewis, 1997). Each of 
these scales is characterized by similar properties to the BPS, CPOT, and NVPS, with few 
descriptors (e.g., grimace) and they ask the provider to assess intensity on a discrete scale 
(e.g., 0-2). These scales are important, as they confirm that medical providers can and do use 
nonverbal behaviors to make pain assessments. However, the scales lack great detail in their 
formation and construct validity (e.g., they do not justify the behaviors they include) and they 
require the provider to make subjective judgments. Although the scales do not report or 
justify the regions they included, they are important tools for clinicians and identifying 
similar tools or integration of tools for general patient populations would be advantageous.  

2.5 POTENTIAL BIASES IN THE ASSESSMENTS OF FACIAL EXPRESSIONS 
OF PAIN.  

Consequently, how do medical provider interpret facial movements and decide treatment 
recommendations in general patient populations? Assessing emotions and facial expressions 
has been described as a relatively innate process and it has been exhibited in newborns 
(preferring happy faces; Farroni et al., 2007). Humans have been noted to develop an 
expertise in recognizing faces and can apply configural processing (processing multiple 
features at once) and holistic processing (fusion of the face objects separate from external 
features) towards other faces (Maurer et al., 2002). However, as something that is ‘trained,’ it 
is prone to several biases (Kelly et al., 2007; Shriver et al., 2008; Walker & Hewstone, 2008; 
Vervoort et al., 2013).  

From literature in social psychology, we know biases have emerged in the ability for 
individuals to recognize faces and perceive emotions in others (Blais et al., 2008; Cassidy et 
al., 2017; Cooley et al., 2018; Jack et al., 2016; Hugenberg et al., 2010; Liu et al., 2022; 
Rhodes et al., 2009; Stolier & Freeman, 2016) and that the recognition and endorsement of 
stereotypes by race can happen rapidly (<100ms; Blair et al., 2004; Freeman & Johnson, 
2016; Ito & Urland, 2003, 2004, 2005; Kubota & Ito, 2007; Lindsay et al., 1991; Markant & 
Scott, 2018; Mattan et al., 2018). Biases in facial expression assessment, though largely 
untested in the medical setting, may help explain why we see disparate treatment and 
assessment in HMP patients in medical settings (e.g., LeResche, 2011; Bonham et al., 2001). 
Indeed, the United States is wrought with a history of medical racism (e.g., Tuskegee; 
Trawalter et al., 2020) and medical providers have yet to gain back the trust of racialized 
populations in the United States (Hall et al., 2022; LaVeist et al., 2000). This is due in part, to 
the fact that disparities in treatment and care persist even with though they are well known in 
medical providers (Burgess et al., 2019). It is likely that medical providers are still recruiting 
and using stereotypes about their patients (e.g., false stereotypes are held that Black people 
are more likely to abuse drugs; Han et al., 2015; Moskowitz et al., 2012; Welch et al., 2007) 
and engaging in perceptual biases that may occur subconsciously (e.g., Mathur et al., 2014). 
A recent study had participants assess pain in actors and computer animated facial morphs 
presenting pain-related expressions (Mende-Siedlecki et al., 2019). The faces included male 
actors that identified as Black or White, or computer-generated images given either Black or 
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White male identity attributes (these stimuli were matched aside from skin tone). The actors 
were prompted to pose several pain expressions and several facial activations were created 
for computer generated images. Separate samples of volunteers were used to identify the 
stimuli, for both acted and computer-generated images, to be used in the main task. This 
outside sample rated pain and the images that were perceived as pain most often and distinct 
from the other basic emotions were used. Importantly, the computer-generated images were 
matched across race and should not have resulted in differences in pain perception.  

Mende-Siedlecki et al. directly tested if differences in pain recognition exist towards 
faces of different racial identities. All of the participants included in the analyses were 
White identifying and they showed an in-group race bias (typical of other emotional 
expressions, e.g., Elfenbein & Ambady, 2002; Olsson et al., 2005), such that they 
recognized pain earlier in White faces (that they shared racial identity with; ingroup) 
compared to Black faces (that they did not share racial identity with; outgroup) and this 
directly impacted their treatment recommendations, such that they prescribed more 
treatment to White faces. They also tested whether inverting the face, noted to disrupt 
configural processing (Freire, 2000), would remove the recognition bias. Indeed, the pain 
recognition bias was removed when the faces were inverted. Although we cannot 
recommend medical providers invert their patients when assessing pain, it highlights 
processing of facial expressions as a potential target for interventions for medical providers. 
Mende-Siedlecki and colleagues have run several sub-studies with similar paradigms and 
have observed consistent biases analyzed via meta-analyses in pain recognition and pain 
treatment by target race across their tasks (Lin et al., psyarxiv). This literature is important 
for identifying potential perceptual biases in pain perception. In addition to disrupted 
configural processing, Mende-Siedlecki and colleagues have observed racial biases in pain 
assessment still occur with short presentations (< 50ms) of pain expressions, more 
ambiguous presentations, and under cognitive load (Mende-Siedlecki et al., 2022). 
However, evidence of the typical racial bias in pain assessment have been less consistent 
using their stimuli (Mende-Siedlecki et al., 2020) in other sample populations (Kissi et al., 
2022) and with the use of other computer-generated stimuli (Hirsh, et al., 2008, 2009).  The 
latter studies from Hirsh and colleagues created and presented facial images of pain based 
on facial regions (via FACS) reported to be active during pain.  

Barrett et al. (2019), would argue that posed and stereotyped presentations of 
emotions are less likely to be perceived in real interactions. Indeed, they report spontaneous 
and real presentations of emotion are recognized with less accuracy compared to posed 
versions of the emotion. As mentioned previously, differences in facial activations are also 
present between posed and real pain expressions (Hadjistavropoulos et al. 1996).  Although 
posed expressions and expressions chosen based on outside perceivers ratings may differ 
from presentations of clinical and experimental pain, they do inform us of the faces most 
salient to perceivers as pain-related (e.g., Chen et al., 2016). This may be particularly relevant 
for patient-doctor interactions in which patients underwent initial screenings (e.g., ER 
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screening and triage rooms) that may have screened out individuals not presenting 
prototypical presentations of pain (Mackway-Jones et al., 2013). However, this screening bias 
implies disparities in pain assessment may also occur pre-patient doctor interactions. Social 
communication of pain often begins at home or in a setting with close others (Craig, 2009). 
Getting lay individuals to believe pain’s presence and its severity is a first step in getting 
medical care. It is during these primary screenings that spontaneous expressions of pain are 
extremely likely and understanding how individuals perceive them and whether they have 
sociocultural biases in their assessment is important to elucidate. It has been postulated that 
lay individuals tend to overestimate pain in close others compared to medical providers 
(Kappesser & Williams, 2008), but whether that overestimation by lay perceivers extends to 
strangers is not known. Furthermore, systematic reviews exist and observe relatively stable 
regions of facial activation during clinical and experimental pain (Kunz et al., 2019), 
indicating the importance of including more tasks with stimuli based on these activations.  

Hirsh et al. (2008) first created virtual stimuli of pain expressions using the FACS 
action units. We have built on this framework and used the recent systematic review by 
Kunz and colleagues (2019) to update the regions slightly. Like Hirsh et al., (2008), we 
included movements of brow lowering (Action Unit; AU4), orbital tightening (AU6, 7), and 
nose wrinkling (AU9, 10). However, the systematic review differed slightly from the 
presentation used by Hirsh et al., as it included movements from the lower regions of the 
face, jaw dropping (AU 25, 26, 27) and it did not include eye closure (AU43). Although 
eye closure was not included, we note that the systematic review identified two studies that 
did identify significant presence of eye closure.  Furthermore, we differed from Hirsh et al., 
as we did not include vignettes along with our pain-related facial expressions. Our 
presentations were purely nonverbal to better control for potential biases in nonverbal pain 
assessments. However, including other factors like ambiguity will be important to include 
in future tasks probing pain assessment biases, to assess potential moderators of pain 
assessment bias (Hirsh et al. 2015).   

Previous works have demonstrated that empathy (Drwecki et al. 2011) and 
stereotypes and false beliefs (Hoffman et al., 2016) can impact pain assessment decisions that 
lead to decreases in pain assessed in HMPs. It is important to continue to include such factors 
in our models to determine their potential role in nonverbal pain assessment biases. We were 
also interested in knowing if pain expressions were confused for other emotions and whether 
this was biased by sociocultural effects. Previous work has shown that posed presentations of 
pain are confused and rated with less confidence compared to other basic emotions when 
posed by a White man (Kappesser & Williams, 2006). This is particularly possible, as many 
of the basic emotions have overlapping facial regions that tend to be activated (see Table 1). 
However, if similar levels of confusion occur with computer-generated stimuli based on 
FACS activation and across target gender and race is unknown. Furthermore, pain 
experiences may co-occur with other emotions. Indeed, there may be shared mechanisms 
between pain and threat or fear response to facilitate survival (Chapman 1995; Crombez et al. 
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1998, Eccleston & Crombez 1999) and other emotions may be expressed in clinical 
presentations of pain (e.g., disgust increased during certain procedures and happiness 
decreased; Hale & Hadjistavropoulos, 1997).  

 

 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

Table 1. Facial action units activated for basic emotions and pain.   We used canonical presentations of basic 
emotions (Kestner et al., 2019) and pain (Kunz et al., 2019) to define the action units typically present during 
spontaneous expressions of each. We observed several overlaps between pain and disgust action units, whereas 
less overlaps exist between anger and  pain. 

 

 

Facial 
Action Units 
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x x 
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x x 
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x x 

       

x x 

 

Fear x x x x 
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Happiness 

    

x x 
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x x 

 

Pain  

  

x 

 

x x x x 

      

x x x 

Sadness x 
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x x 

      

Surprise  x x 
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3 RESEARCH AIMS 
The aim of the current thesis was to address gaps in the ways individuals conceptualize and 
experience pain and how individuals assess pain in others. In particular, the current thesis was 
interested in how sociocultural factors impact these processes and whether any factors may be 
particularly contributing to inequities in pain care and experience in HMPs in the United 
States of America. The specific aims for each of the studies are delineated below: 

3.1 STUDY 1: EXPECTATIONS OF PAIN AND ANALGESIA BASED ON 
MEDICAL PROVIDERS’ FACIAL APPEARANCES 

Study I aimed to assess whether individual’s expectations about pain are influenced by the 
facial features of hypothetical medical providers. Study 1 assessed whether competence, 
warmth or the similarity of a potential medical provider altered individuals expected pain and 
treatment from various hypothetical medical procedures in an online task.  

3.2 STUDY 2: CONFIDENCE IN SUBJECTIVE PAIN 

Study II aimed to assess whether individuals varied in their confidence in their verbal and 
subjective self-reports of pain. In addition to assessing whether individuals engage in 
metacognition during pain decision-making, Study 2 aimed to determine if differences in 
confidence in pain decision-making varied by a person’s self-ascribed gender or race and 
whether confidence had any behavioral (i.e., implicit) indices.  

3.3 STUDY 3: HOW ARE PAIN-RELATED FACIAL EXPRESSIONS 
EVALUATED IN RELATION TO GENDER, RACE, AND EMOTION 

Study III aimed to assess whether perceivers exhibit sociocultural biases in pain assessment 
judgments when only presented with computer generated and nonverbal pain-related facial 
expressions. Importantly, the facial expressions were developed based on a systematic review 
of clinical and experimental presentations of pain. Study 3 assessed potential biases for both 
categorical (i.e., ‘pain’ or ‘no pain’) and continuous intensity (0-100 VAS) measures of pain. 
Furthermore, a sub-study of Study 3, aimed to assess how pain-related decisions compared to 
other basic emotions.  

3.4 STUDY 4: SOCIOCULTURAL BIASES WHEN VIEWING VIDEOS OF 
TARGETS EXPERIENCING ACUTE HEAT PAIN 

Study IV aimed to assess whether perceivers exhibit sociocultural biases in pain assessment 
when presented with facial expression videos from a diverse cohort of targets experiencing 
acute heat pain. Furthermore, Study 4 aimed to assess potential moderators of such bias to 
identify targets for future behavioral interventions to help eradicate inequities in pain 
assessment.  

 

 





 

 19 

4 MATERIALS AND METHODS 
4.1 EXPECTATIONS OF PAIN AND ANALGESIA BASED ON MEDICAL 

PROVIDERS’ FACIAL APPEARANCES 

4.1.1 General Procedures 

Across five sub-studies, 1108 healthy adult volunteers participated in an online task assessing 
the influences of potential provider faces on pain expectations. Participants were screened 
through Cloud Research and if they were eligible, they were given a link to complete our 
task. In the beginning of the experiment, participants were required to read the consent for the 
task and were required to agree, in order to participate.  

After agreeing to participate, participants were given instructions and a couple of trials of 
practice before beginning the task. After the practice trials, participants were presented with 
two faces and asked to report which face they viewed as more competent. In sub-studies 1-4, 
competence was manipulated in the stimuli. In studies 1 and 2, the most controlled version of 
the task, White male facial morphs from Todorov (et al. 2013) were used. In sub-studies 3 
and 4, faces from Oh et al., 2019 were used. These real facial images were transformed 
presented two more competent looking and two less competent looking facial presentations 
per target identity. In study 4, we also applied a mask to remove hair and all other social 
signifiers from the study 3 stimuli. In study 5, we used faces from a diverse cohort in the 
Chicago Facial database and did not manipulate competence.  

We were interested in how people perceived facial characteristics. Therefore, in sub-studies 
2-5, we asked participants to rate each of the images on perceived similarity and in sub-study 
4-5 participants reported perceived competence and perceived warmth. We used these 
ratings, to determine if any of these trait characteristics bias pain expectations in our 
perceivers.  

Following these ratings, perceivers rated how much pain and medication they might expect 
with each provider. They were presented the facial image of a provider and asked to rate how 
much pain they expected on a continuous scale. Following this rating, they were asked to rate 
how likely they thought they would need to use prescription medication after a procedure 
with the provider (on the opposite end of the scale they were anchored with ‘more likely to 
need to use over the counter pills’; see Figure 1 for task design example). Participants were 
given 7 seconds to make each rating and participants completed 48 trials all together in the 
task. Finally, participants were asked to rate the potential providers on a host of trait 
characteristics.  
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Figure 1. Task schematic. Participants were asked to rate a potential provider face on a host of trait 
characteristics (like similarity). Following trait ratings, participants rated how much pain they expected with a 
particular perceiver (from not painful to very painful). Finally, participants were asked to rate how much 
prescription medication they might need with a specific provider from (more likely to use over-the-counter -> 
equally likely to use either medication -> more likely to use prescription strength medication).   

4.1.2 Analytical Methods 

We analyzed our data utilizing meta-analyses on linear mixed effects models. We ran models 
to assess and predict expected pain outcomes and expected pain medication use. We included 
similarity, competence, and warmth in our models as predictors and we included stimulus and 
perceiver demographics, including group membership as potential moderators of our effects. 
We attempted to run maximal models and as we were using multilevel models, we were able 
to include individuals with missing data without a need for imputation.  

4.1.3 Ethical Considerations 
Individuals who participated were required to read through and provide consent before 
participating. We also ensured that we did not collect any identifiable information from the 
participant (e.g., IP addresses and geolocations) and we kept our tasks simple and survey 
based rather than applying any type of intervention. This is particularly important to uphold 
our protocol as an online study as approved from the Human Research Board. Our task was 
exempt from being reviewed by our internal ethics board as a survey task. In addition to 
meeting the requirements of the human research board, I attended seminars to stay updated 
on any new policies regarding privacy and similar principles as it applies to online spaces.     
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4.2 CONFIDENCE IN SUBJECTIVE PAIN 

4.2.1 General Procedures 

Eighty healthy volunteers participated in a heat calibration task at the National Institutes of 
Health (NIH). Each participant underwent phone screening, a nursing exam, and a physical 
exam to verify they were healthy and devoid of any current or previous history of chronic 
pain and mental health disorders. All eligible participants went through and agreed to consent 
to participate before completing any task measures. The consent was approved by the NIH’s 
internal ethical review board (Protocol 15-AT-0132). Following consent, a participant was 
adjusted to a chair and had their head placed in a head rest. Prior pain stimulation, we 
calibrated the participant to our eye tracker (EyeLink 1000 Plus) and measured both pupil 
size and gaze position throughout the task. We ensured the distance between the screen and 
the chair was equidistant for each participant and we measured the position of each 
participant’s eye position to the top and bottom of the computer screen, to ensure accuracy of 
the eye calibration procedure. Following the eye calibration, participants received 24 
temperatures that ranged from a minimum of 36 degrees Celsius and a maximum of 50 
degrees Celsius and rated pain on a 0-10 VAS after the heat stimulation. Heat was applied 
with an ATS thermode attached to a Pathways Medoc system (Tel Aviv, Israel). Each heat 
stimulation was eight seconds in duration and was applied to one of eight skin sites on the 
right-volar forearm to decrease overstimulation to any given skin site. The first three 
temperatures were the same for each participant: 41 degrees C, 44 degrees C, and 47 degrees 
C. After the first three temperatures were applied and 
pain ratings collected, we ran a linear regression to 
associate temperature and pain to run an adaptive 
staircase calibration. We were interested in identifying 
temperatures associated with low pain (2 on 0-10 
scale); pain threshold, medium pain (5 on 0-10 scale), 
and high pain (8 on 0-10 scale); pain tolerance). We 
iteratively updated which temperatures to give based 
on the linear regression’s predictions of which 
temperature should elicit a low, medium, and high 
pain rating.  

After each heat stimulation, participants had three seconds to look at the pain scale. 
We measured eye data during this period and collected the number of fixations a person made 
to the pain scale during the three-second looking period. Following the three-second looking 
period, the mouse appeared, and participants were able to rate pain. We collected the reaction 
times for pain rating to compare with confidence judgments. After a participant rated pain, 
they then rated how confident they were in their self-reported pain on a 0-100 uncertainty 
scale. Although we collected our measure with anchors for uncertainty, new literature 
(Pouget, 2016) suggests that uncertainty decisions only occur on first-order decisions (e.g., 
decisions about the experience of pain) and confidence decisions occur on second-order 
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decisions (e.g., pain ratings). During the task, we also collected physiological data and 
questionnaire data, but did not include those measures in our analyses. Following the task, 
participants were debriefed, had their arm looked at by medical staff to ensure there was no 
damage to the skin sites, and were compensated for their time.  

4.2.2 Analytical Methods 

First, we ran basic descriptive statistics to identify mean pain, mean confidence and 
temperature across the task. Following this, and to establish if uncertainty or a lack of 
confidence existed in our task, we ran a one-sample t-test against zero on our confidence data.   

To assess for potential implicit markers of confidence, we planned to run multilevel models 
with reaction time and eye data metrics as predictors of confidence using the lme4 package in 
R. We used negative log-likelihood for model comparisons and only included factors that 
improved model fit.  We included factors for participant race and sex, but these factors did 
not improve model fit. We tried assessing homoscedasticity of our residuals and noted that 
our final models did not meet model assumptions; therefore, we looked for model 
alternatives.  

We observed that our confidence data was zero-inflated (i.e., individuals reported many trials 
with complete confidence). Therefore, we ran a model that accounted for zero-inflated data, 
the two-part multilevel model. The first part of the model ran a logistic multilevel to compare 
zero (complete confidence) and non-zero (some lack of confidence) trials and the second part 
of the model ran a linear multilevel model on the non-zero data. Additionally, we used a two-
stage simple statistics approach to verify the results from our models and we ran a simple 
statistics approach by averaging within-subjects correlations between our outcomes, as done 
previously in other analytic approaches of confidence in perceptual decision making (Rahnev 
et al., 2020).  

4.2.3 Ethical Considerations 
First, we considered the ethical implications of using painful stimulation in our task. The 
goal of our acute pain paradigms were to better understand pain and how individuals 
perceive and report it. These goals will hopefully provide greater common knowledge on 
pain, help alleviate health disparities and help address the leading clinical issue, pain. For 
our participants, it was very important for us to be explicit about all of our pain procedures, 
such that each individual understood what to expect during the task prior any participation. 
We achieved this by phone screening individuals to assess eligibility and by providing 
information on our task over the phone. Only individuals still interested in the task and 
eligible were able to move forward to in person screening. Secondly and more importantly, 
we went through informed consent with each individual and had each individual check off 
all procedures that they felt comfortable performing (including pain). They were also 
informed that they could discontinue the study at any time and for any reason. During the 
session, individuals were reminded of this ability to stop for any reason, and they were 
given control during the task to prevent stimulations that went beyond their tolerable levels, 
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a key tenet to the ethical guidelines provided by the International Association for the Study 
of Pain. If a person ever felt a temperature was going above tolerable levels, they could tell 
the experimenter ‘Stop’ (which was followed by the experimenter turning off the heat 
program to return the temperature back to baseline) or they could lift the heat device from 
their arm. We also programmed limits on our pain stimulators, so that it would not exceed 
levels we set in our ethics applications. We also notified each participant of all the potential 
risks associated with participating in pain studies and we had nursing staff available in case 
anything necessitated medical attention and nursing staff completed assessments both 
before and after the task to ensure no injury was present in the participant. We also worked 
with our ethical review board to ensure we were not oversampling certain patient 
populations. We were notified that our sample was more racially diverse than many 
protocols at the NIH and we researched and verified our sample populations matched the 
surrounding Washington D.C. region demographics. We and the review board ensured that 
we were not inadvertently subjecting certain demographic subgroups to more pain testing 
and that we were equitable in our screening processes.  

 

4.3 HOW ARE PAIN-RELATED FACIAL EXPRESSIONS EVALUATED IN 
RELATION TO GENDER, RACE, AND EMOTION 

4.3.1 General Procedures 

Across five sub-studies, 965 healthy adult volunteers participated in an online task assessing 
for biases in nonverbal pain assessment. Participants were screened through Cloud Research 
and if they were eligible, they were given a link to complete our task. In the beginning of the 
experiment, participants were required to read the consent for the task and were required to 
agree before participating. If a person did not agree to participate, then the experiment closed 
before the task could begin.  

After agreeing to participate, participants were given instructions. They were informed that 
they would be presented images of people from the clinic, and they would be required to 
determine if they thought the person was in ‘pain’ or ‘no pain’. After making this categorical 
decision, participants reported intensity of the expression if they rated pain, or they rated 
which emotion they thought the expression displayed if they rated ‘no pain’. Participants 
were given 5-8 seconds to make their decisions.  

Participants were shown one of four potential sociodemographic faces presenting pain-related 
facial expressions. They saw either a Black man, Black woman, White man, or a White 
woman. These faces presented pain-related facial expressions based on a recent systematic 
review of facial action units typically activated during clinical and experimental pain (Kunz 
et al., 2019). Importantly, facial expression intensity was equivalent across stimuli (i.e., there 
were no differences in the facial movements by target race or gender). Each identity 
presented twelve intensity levels of the regions associated with pain from 0% (no activation) 
to 100 % (full activation). Each expression was shown three times for a total of 36 total trials 
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across the task. After the task, participants were asked to rate demographic information to 
potentially look at differences in outcomes by group membership.  

In the first three sub-studies faces we created computer-generated avatars from FaceGen 
(Todorov et al. 2013). In sub-study 4, we created morphs based on real faces to increase the 
number of individuals in each subgroup and try to increase the ecological validity of our 
stimuli. Each morph was based on someone who self-identifies with the gender and race of 
the associated demographic subgroup. Each face presented action units associated with pain 
from Kunz et al., 2019: brow lowering (Action Unit; AU4), orbital tightening (AU6, 7), nose 
wrinkling (AU9, 10) and jaw dropping (AU 25, 26, 27). In study 5, we returned to our 
original computer-generated stimuli; however, we also included expressions for all of the 
basic emotions (Figure 2). As more expression types were used, we limited the expression 
intensities used in sub-study 5 to 0%, 20%, 50%, and 80% expression intensities. In sub-
study 5, participants rated which emotion they viewed for their first categorical decision and 
then they rated how intense and how confident they were in their decision.  

 

Figure 2. Computer-generated stimuli. Across all sub-studies, participants viewed one of four sociodemographic 
subgroups, a white man, a white woman, a black man, or a black woman. Participants either viewed various 
intensities of expressions of pain in sub-studies 1-4 (bottom panel) or they were presented with various 
intensities of all the basic emotions and pain in sub-study 5 (top panel).  

In order to account for potential influences of social desirability, we only presented 
participants with one sociodemographic subgroup. Previous studies have observed biases on 
outcomes when presented with controversial categories (e.g., presented Muslim and Christian 
texts in same task; presented Black and White faces in same task, Amodio et al., 2014; 
Amodio & Firth, 2006). Therefore, we ran our controversial measures (Gender and Race) as 
between-subjects measures and our other independent variables (facial expression intensity 
and/or emotion) as within-subjects factors.  
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4.3.2 Analytical Methods 

If a participant didn’t complete at least 50% of the trials, they were not included in our data 
analysis. If a participant completed at least 50% of the task, their data was included. We did 
not impute over missing data and instead used models that can account for missing data.  

We ran multilevel logistic models to predict categorical outcomes of pain versus no pain by 
facial expression intensity, target race, and target gender. We also ran multilevel linear 
models to predict continuous outcomes of pain intensity by facial expression intensity, target 
race, and target gender. In addition, we included predictors of group status (by gender and 
race) and perceived similarity. As we had similar tasks across our first four sub-studies, we 
also ran meta-analyses for each of our outcomes to look at the consistency of our outcomes.  

In sub-study 5, we used repeated measures ANOVAs to assess for differences in emotion-
related decisions. We have included target gender, race, emotion, and expression intensity as 
potential factors.  

4.3.3 Ethical Considerations 

Individuals were required to read through and provide consent before participating in the 
task. We used a third-party, Cloud Research, to ensure that no identifiable information was 
collected from the participant. This was of the upmost importance as we were approved for 
research by the Human Research Board, and it was exempt from being formally reviewed by 
our internal ethics review board. Participants were notified during the consent procedure that 
they could skip any questionnaire that they did not feel comfortable answering and given the 
option to stop the task at any time. Finally, we compensated all participants based on the 
United States’ federal minimum wage, to ensure that payment levels were ethical. Previously, 
payments for online tasks have often been criticized for being too low (Silberman et al., 
2018).  

4.4 SOCIOCULTURAL BIASES WHEN VIEWING VIDEOS OF TARGETS 
EXPERIENCING ACUTE HEAT PAIN 

4.4.1 General Procedures 

60 healthy adult volunteers participated in an online study sponsored by the National 
Institutes of Health. Volunteers were screened and if they were eligible, they were asked to 
participate in a telehealth session with one of our medical providers and a member of our 
study team. Participants completed a host of online questionnaires prior to the telehealth 
session, and we verified that volunteers were healthy and devoid of any current chronic pain, 
mental health conditions or chronic health diseases.  

During the telehealth session, participants were consented onto the protocol with a member of 
our medical team. Participants were given the opportunity to ask questions and ensure they 
were OK with the task before consenting. If an individual consented to the task, then the 
participant received instructions from a member of our study team. After instructions were 
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completed, the participant was emailed a link to the online task. The task link was not sent 
prior this time period, to ensure the participant did not attempt the task before consenting and 
understanding the task. The participant was advised to leave the telehealth session to ensure 
more computing power and to decrease any pressures of social desirability on their task 
performance (i.e., we did not want the participant to alter their behaviors assuming they were 
being watched by the study team). Additionally, participants were told to close any other 
software on their computer and to complete the task in full screen mode during the task to 
decrease any potential distractions.  

Participants were notified that the initial set-up screen for the experiment allowed all videos 
and images used in the experiment to load before the task commenced. Participants were 
notified this could take up to ten minutes if they had a slow internet connection and they were 
advised to take a short break at this point before commencing.  

After the study images loaded, typically within one minute, the participant proceeded from 
the initial set-up page to written instructions and practice trials. Although instructions were 
given during the telehealth session, we wished to reiterate the instructions prior the 
immediate start of the task. This was particularly important if a participant took a substantial 
break before starting the task. Although participants were asked to start and complete the task 
directly after the telehealth session, we were unable to enforce strict timing with the remote 
nature of the experiment. If the participant experienced any technical issues with their internet 
and loading the experiment (n = 9), they called and spoke with a member of the study team to 
troubleshoot techniques to improve their internet connection. If there was not a way to 
improve internet connection (n = 5), they completed all portions of the task that their internet 
allowed (i.e., the shorter video block, described below). 

During the task, participants viewed videos of individuals experiencing acute heat pain. We 
collected these videos at the National Institutes of Health from a diverse community sample 
of healthy volunteers. Each participant that had their videos included in the current study 
consented to data sharing and to having their image data published (under protocol 17-AT-
0155 at the NIH). All participants were recorded with a go-pro camera and helmet that 
ensured all video clips stayed centered on the individual’s face, as facial orientation can alter 
how people and facial software assess faces. Videos were collected at 60 frames per second at 
1920 x 1080-pixel resolution. We included a total of 12 individuals (‘targets’) in our video 
set. Each target had 8 videos presented in the current task, for a total of 96 trials. Each target 
had a video presenting the full duration of the heat stimulus (10 seconds) for trials that they 
rated as 1) low-intensity and not painful, 2) high-intensity and not painful, 3) low-intensity 
and painful, and 4) high-intensity and painful. Each of these four videos were also 
downsampled and presented as three second GIFs. During the task there were two blocks, one 
block included all original 10-second videos and another block included only 3-s GIF 
versions of the videos. The order of the video blocks was counterbalanced across participants 
and video presentations by targets were randomized for all participants.  
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After a participant viewed one of the video clips, they were given eight seconds to rate if they 
thought the target experienced pain or no-pain on the trial. The participants were notified 
during the instructions that the individuals in the video were experiencing heat stimulation 
and that the stimulations were of variable temperatures that sometimes caused pain. 
Therefore, participants were not expected to rate pain every trial. Following the categorical 
judgment, participants were given eight seconds to rate how intense they believe the target 
rated the sensation on a 0 – 100 VAS.  

After a participant completed all trials, they were asked to complete a set of trait measure 
questions about each of the participants. They were asked to rate perceived: similarity, trust, 
attractiveness, perspective taking, and competence. Following these judgments, a participant 
completed the Implicit Association Task (IAT) for race. After completing the IAT, 
participants left the experiment platform and completed a set of questionnaires assessing for 
general empathy and endorsement of biases within each of our participants. Finally, we 
collected perceiver demographics to assess potential biases by group membership.  

4.4.2 Analytical Methods 

We completed basic descriptive statistics to assess our outcomes, means and standard 
deviations, to verify our manipulation checks. To assess accuracy in our task, we ran four 
ANOVAs on signal detection theory frameworks. We assessed for Hits (when a perceiver 
rates pain in a target in pain), Misses (when a perceiver rates no pain in a target in pain), 
Correct Rejections (when a perceiver rates no pain in a target in no pain), and False Alarms  
(when a perceiver rates pain in a target in no pain). We ran two sets of ANOVAs to assess 
both the role of target demographics and group membership on these accuracy outcomes. We 
ran a 2 (Target Race: White and Black) x 2 (Target Gender: men and women) to assess for 
biases by target demographics and we ran a 2 (Racial Group Membership: ingroup, outgroup) 
x 2 (Gender Group Membership: ingroup, outgroup) to assess the role of sharing gender 
and/or race with the target. We did not run the SDT framework measures in a repeated-
measures ANOVA as the SDT outcomes were not independent of each other (i.e., as Hits 
went up, Misses went down).  

In addition to assessing accuracy in the SDT framework, we looked at both our ability to 
predict if a participant perceived ‘pain’ or ‘no-pain’ and the intensity of pain. We took 
advantage of our repeated-measures design by running multilevel models to make these 
predictions. We wished to include the following sociocultural factors: target gender, target 
race, group membership race, group membership gender and the following target and task 
related factors: block, trial number, target pain categorization, and target intensity rating. 
Additionally, we were interested in potential moderators; therefore, we also included the 
following measures: similarity, attractiveness, trustworthiness, competence, perspective 
taking, Empathy Quotient (EQ) score, Interpersonal Reaction Index (IRI) score, Internal and 
External Motivation to respond without prejudice Scale (IMS / EMS) scores, the Modern 
Racism Scale (MRS) score, and the Implicit Association Task (IAT) for race score.  
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We tried running maximal models for both categorical (logistic) and continuous (linear) 
outcomes; however, our models did not converge with a large set of factors. Therefore, we 
ran model comparisons for both logistic and linear models and only included factors that 
significantly improved model fit.  

In our logistic multilevel model, to predict perceiver pain categorization, we included: target 
categorizations, trial numbers, target race, target gender, target categorization * target race, 
and target categorization * target race * perceived similarity. In our linear model, to predict 
perceivers intensity ratings, we included the following factors: target intensity, trial numbers, 
target race, target gender, racial group membership, target intensity * target race, target 
intensity * racial group membership, target intensity * target race * target gender, and target 
intensity * target race * modern racism scale score.  

We included all subjects that completed at least 50% of the task. With our use of multilevel 
models, we were able to include individuals with missing trials (N = 6) without needing to 
impute data. Furthermore, our multilevel models used regularization to not over-weight 
participants that may have had decreased number of trials during the task. Following each 
model, we verified homoscedasticity of the residuals to ensure our models met model 
assumptions.  

4.4.3 Ethical Considerations 

Participants went through multiple screening procedures before beginning the task to verify 
eligibility. Participants were able to complete all procedures online via a telehealth session 
but they were required to have an NIH medical record to complete the task. Participants were 
required to live in the United States to ensure we only included individuals with similar 
cultural contexts. Aside from time restrictions (i.e., 8 AM – 8 PM Monday – Friday 
experiment times), based on medical and lab research team availability, participation should 
have been quite accessible. Each participant provided consent prior to starting the task and 
was able to confirm if they were OK with data sharing prior to starting the task. Participants 
were also notified that they could skip any questionnaire or questionnaire item they did not 
feel comfortable answering. This was important to iterate as participants completed 
questionnaires related to bias and previous experiences of stress.   

 

 

 

 

 

 

 



 

 29 

 

5 RESULTS 
5.1 EXPECTATIONS OF PAIN AND ANALGESIA BASED ON MEDICAL 

PROVIDERS’ FACIAL APPEARANCES 

Participants were presented with faces of potential providers and asked to rate 1) which of 
two providers they would prefer, 2) how much pain they expected with that provider and 3) 
how much prescription-medication someone would expect to need with that provider. We 
manipulated the competence of the face in sub-studies 1-4 and asked people to report their 
perceived competence (SS4-5), similarity (SS2-5), and warmth (SS4-5).  

Across studies, perceivers chose the more competent looking provider (M = 62.2%, p <. 001). 
However, this effect was greater towards White providers (p = .03) and for White perceivers 
(p = .05). Based purely on demographics, perceivers also expected more pain and more 
medication use with Black potential providers (all p’s < .001). This effect was stronger and 
significant for White identifying participants; however, group membership by race did not 
affect other racialized participants and group membership by race did not reach levels of 
significance across the entire sample. Additionally, perceivers expected less pain with 
providers that they perceived as most similar to themselves (β = -.23, p = .019) and perceivers 
expected to use less prescription medication when looking at a provider they perceived as 
similar to themselves (β = -.16, p = .049). We did not observe differences by group 
membership (by race or gender, p’s > .06). However, we did observe differences by gender in 
the amount of similarity reported, such that men reported greater similarity for all potential 
providers across the task. Furthermore, we observed impacts of provider demographics on 
perceivers expectations, such that perceivers reported greater expectactionss to need more 
prescription pain medication with male providers compared to females (p < .001).  

5.2 CONFIDENCE IN SUBJECTIVE PAIN 

Participants in our study experienced 24-individually tailored temperatures (M = 44.89 
degrees C, SD = 3.15 degrees C) and provided self-reports of pain (M = 4.58, SD = 2.71) on a 
0-10 VAS and self-reports of uncertainty (M = 9.48, SD = 15.64) on a 0-100 VAS. Although 
participants reported complete confidence on many trials (42.5% of trials; zero-inflated data), 
we observed a significant difference from zero in the confidence reported for verbal self-
reports of pain (M = 2.14, SD = 2.05, t(75) = 9.09, p < .001). Over the task, we saw an 
increase in confidence when an individual experienced a higher temperature (p = .02) and we 
saw an increase in confidence over time in the task (i.e., participants get more confident in 
our task over time; β = 0.02, p < .001).  

Furthermore, we assessed for potential implicit markers for our explicit confidence measure. 
We looked at both reaction time and number of fixations (an eye tracking measure) as 
potential markers for confidence and observed a strong relation between reaction time and 
explicit confidence. Faster reaction times predicted a trial would be rated completely 
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confident versus not (β = - .55, p = .002) and slower reaction times were associated with a 
greater lack of confidence (β = 0.40, p < .001). We also assessed number of fixations, but it 
did not have a direct relationship with confidence (p > 0.1; see Figure 3 for model effects for 
RT and eye fixations). Instead, we observed an interaction between the number of fixations 
and the reliability (how consistent someone rated their pain based on the temperatures they 
received) someone had in their pain responses (β = -1.12, p < .001). Individuals who had a 
very tight regression line (i.e., little noise) between pain rating and temperature were more 
likely to exhibit an increased number of fixations on trials they had lower leves of confidence 
reporting pain.  

 

Figure 3. Confidence two-part multilevel model outcomes. Top left quadrant exhibits the logistic effect of RT on 
confidence. Faster reaction times predicted a trial would be rated completely confident versus not (β = - .55, p = 
.002). Moving in a clockwise direction, the next graph exhibits the linear effect of RT on confidence, such that 
slower reaction times were associated with a greater lack of confidence (β = 0.40, p < .001). We also assessed 
number of fixations, an in the bottom right graph we exhibited no linear relation between eye fixations and 
uncertainty (b = 0.01, p = .70). Finally, we assessed a logistic effect of number of fixations in the bottom left 
graph, which exhibited no relation between eye fixations and rating with complete confidence vs. not (β = 0.01, 
p = .83). 

5.3 SOCIOCULTURAL BIASES WHEN VIEWING COMPUTER-GENERATED, 
PAIN-RELATED FACIAL EXPRESSIONS 

Across five sub-studies, participants viewed computer-generated images presenting 
movements based on facial action units associated with clinical and experimental pain. Using 
meta-analyses, we observed that individuals saw pain in our facial images, and they were able 
to utilize and assess the intensity of pain based on the level of facial expression activation. On 
average, participants were likely to rate a face as in pain (β = .33, p = .02) and there was a 
strong positive effect of facial expression intensity on pain intensity assessments (β = 7.93, p 
< .001). Surprisingly, we did not observe any sociocultural effects on categorical or intensity 
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judgments. Using meta-analyses, we did not observe a consistent effect of gender 
(Categorical: p  = 0.93; Continuous: p  = 0.20), race (Categorical: p  = 0.06; Continuous: p  = 
0.13), group membership by race (Categorical: p  = 0.16; Continuous: p  = 0.51), group 
membership by gender (Categorical: p  = 0.63; Continuous: p  = 0.60), or perceived similarity 
(Categorical: p  = 0.45; Continuous: p  = 0.10).  

In a final sub-study, we assessed how pain decision-making compared to emotion decision-
making. In this task, in comparison to the previous sub-studies which asked participants an 
initial ‘pain’ or ‘no pain’ question, participants were prompted to say which emotion they 
thought an emotion portrayed with all basic emotions, pain, neutral, and other as categorical 
options. We observed that pain was only selected on 4% of all trials and on only 7% of trials 
that presented pain-related facial expressions (See Figure 4 for a schematic). Additionally, we 
observed sociocultural effects on emotion-related decisions. After making categorical 
decisions, participants rated intensity of the expression and then confidence about their 
decisions. Across all emotions, participants rated White targets as more expressive compared 
to Black targets (p = .03) and participants rated trials presenting men targets as more 
confident compared to trials with women (p = .03).  

 

Figure 4. Pain recognition compared to other basic emotions. In sub-studies 1-4, perceivers reported pain on 
more than half of all trials. Neutral, anger and surprise were the next leading emotions to be perceived. In sub-
study 5, which did not prime participants with an initial pain or no-pain question, but rather asked participants 
which emotion an expression portrayed, pain was only assessed 7% of the time. We display the outcomes in sub-
study restricted to pain-related facial expression trials, consistent with the presentations made in sub-studies 1-4. 

5.4 SOCIOCULTURAL BIASES WHEN VIEWING VIDEOS OF TARGETS 
EXPERIENCING ACUTE HEAT PAIN 

Participants were presented with videos of individuals experiencing heat stimulation and were 
asked to rate categorically if they thought the person was in ‘pain’ or ‘no pain’ and how 
intense they thought the sensation the person experienced on a 0-100 VAS. Additionally, 
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participants rated targets on a host of dimensions (attractiveness, trustworthiness, similarity, 
competence, and perspective taking).  

Participants rated categorical judgments of pain differentially by target race when comparing 
our four SDT outcomes: hits (perceiver and target both rated pain), correct rejections 
(perceiver and target both rated no pain), misses (perceiver rated no pain and target rated 
pain), and false alarms (perceiver rated pain and target rated no pain).  2 (Target Race: Black, 
White) x 2 (Target Gender: Man, Woman) ANOVAs revealed a significant effect of Target 
Race on Hits (F = 23.64, p < .001) such that perceivers were more accurate identifying pain 
in White targets (M = 29.15 trials, SD  = 10.81) compared to Black targets (M = 21.1 trials, 
SD  = 12.52). We also observed a significant effect on Misses (F = 24.41, p < .001), such that 
perceivers were more likely to miss pain in Black targets (M = 29.0 trials, SD  = 12.3) 
compared to White targets (M = 20.9 trials, SD  = 10.83). We observed no effects of target 
gender or group membership on any of our accuracy measures.  

We also assessed categorizations of pain via logistic multilevel modeling. We observed an 
effect of target race (β = .41, p < .001) and target gender (β = .24, p < .001). Participants rated 
White and women targets in pain more often compared to Black and men targets, 
respectively. Additionally, we observed target level effects on pain categorization.  Perceivers 
were more likely to observe pain: when a target had rated pain during the video (β = .69, p < 
.001) and later in the task (β = 0.53, p < .001).   Surprisingly, in running model comparisons 
before analyses, we determined that group membership status (both gender and race), block, 
and interactions between all factors did not improve the model.  We also looked for potential 
moderation of our sociocultural biases and observed a three-way interaction  

 

Figure 5. Perceivers report pain compared to no-pain more often for White and women targets. We observed an 
effect of target race (β = .41, p < .001) and target gender (β = .24, p < .001) on pain categorizations.  
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between target pain, race, and perceived similarity (β = 2.08, p = .001).  We observed a 
greater increase in the percentage of trials rated as painful for White targets when perceived 
similarity increased compared to Black targets.  

We also observed participants rated continuous judgments of pain intensity differentially by 
target race (β = 8.08, p < .001) and gender (β = 3.23, p = .003).   Participants rated White and 
women targets at more intense levels of pain compared to Black and men targets , 
respectively.  

 

Figure 6. Perceiver report more intense pain for White and women targets. We observed a significant effect of 
target race (β = 8.08, p < .001) and gender (β = 3.23, p = .003) on perceivers pain estimates.  

Although racial group status improved model fit and was included in the linear model, there 
were no significant differences in the outcome of racial group status (all p’s > 0.3). As for 
target factors, we observed a positive effect of target intensity ratings on perceiver ratings (β 
= .15, p < .001) and a positive effect of trial number (β = .08, p < .001).  Additionally, we 
observed moderation of our pain outcome by target race. We observed a three-way 
interaction between modern racism scale scores, target intensity, and target race (β = .02, p 
=.006). Participants were observed to make greater increases in pain intensity judgments for 
White targets presenting from low to high intensity pain. That is in comparison to both Black 
targets (where no differences were observed depending on Black target intensity ratings) and 
White targets rated by low modern racism scale scorers (who rated with smaller increases in 
pain intensity for White targets).  
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6 DISCUSSION & POINTS OF PERSPECTIVE 
Pain is a unique experience that is influenced by social and cultural factors and its assessment 
by others is biased by sociocultural and affective factors. Furthermore, these biases lead to 
health inequities in the United States, which place HMP patients in pain more often and at 
greater intensities and HMP patients receive less medical care.  

6.1 STUDY 1: ASSESSING THE ROLE OF PROVIDER FACIAL TRAITS ON 
PAIN EXPECTATIONS 

We know individuals can experience influences on their pain from social factors (Anderson 
& Losin, 2016; Chiao & Mathur, 2016) and here, we observed social influences on expected 
pain can occur in a matter of seconds. Based purely on demographics, perceivers expected 
more pain and more medication use with Black potential providers. This effect was stronger 
and significant for White identifying participants; however, group membership by race did 
not affect other racialized participants and group membership by race did not reach levels of 
significance across the entire sample. This is in contrast to studies which have exhibited 
positive outcomes of racial concordance between patients and providers in actual and 
simulated clinical interactions (Anderson et al., 2020; Losin et al., 2017; Street et al., 2008). 
We note that we did not power our task to identify differences by group membership; 
therefore, the current trend for an ingroup advantage may have been significant in a fully 
powered task to identify this outcome. 

Beyond shared racial identity between potential perceivers and participants, we 
observed an impact of perceived similarity on pain outcomes in our participants. Although 
similarity scores can be driven by shared identities (Street et al., 2008), participants 
individually quantify similarity and scores can be driven by outside factors (e.g., expected 
shared personality with the target; Losin et al., 2017). The individualistic nature of the 
similarity measure allows for more variability to be captured compared to group membership. 
We observed an effect of perceived similarity, such that individuals expected less pain when 
viewing highly similar potential providers. Although we did not observe a difference in the 
effect of similarity on pain expectations by perceiver race, we did observe stronger effects of 
similarity on pain expectations in our White identifying participants compared to other 
racialized participants. It is possible that racialized participants may require a full interaction 
with a similar provider in order to achieve analgesic benefits (e.g., short impressions may not 
provide enough evidence to induce strong positive expectations or counter negative 
expectations potentially present in HMPs; Shelton et al., 2005). However, it is also important 
to consider that our sample was skewed towards more White identifying participants and that 
our results were likely driven by White participants. Therefore, we should identify how and 
why White identifying participants are able to create positive expectancies based purely on 
impressions of similarity. Indeed, it has also been observed that White identifying 
participants were more likely to engage in positive expectations in a study that provided 
ambiguous (i.e., not positive) efficacy of an inert substance in comparison to Black 
identifying participants (Letzen et al., 2021).  
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The effects of perceived similarity extended beyond expectations of pain 
perception to expected medication use after a pain procedure. Participants expected to use 
less prescription medication in comparison to over-the-counter therapeutics for their pain 
outcomes, when they viewed a provider that was more similar to themselves. These outcomes 
were independent of any positive outcomes associated with the competence and warmth of a 
provider and again, were stronger in White identifying participants compared to Black 
participants. These results have important implications, as participants with positive 
expectation tend to have better long-term health outcomes (Mondloch et al., 2001). For 
example, HMPs may be at increased risk for developing chronic pain (Green et al., 2003) and 
other negative health outcomes after an acute pain procedure. Identifying ways we can 
counter negative expectations of healthcare in HMPs and increase positive expectations so 
that HMPs can also enjoy associated health benefits is an important next step for the field.  

In addition to assessing differences by racialized groups, we observed 
differences by sex. Male participants reported greater levels of similarity overall compared to 
female participants. Interestingly, we did not observe an effect of group membership by sex. 
Rather, male participants reported both men and women targets as more similar in 
comparison to female participants.  Beyond similarity, targets were more likely to decrease 
expectations of prescription medication use with female providers compared to male 
providers in sub-study 5. This suggests a potentially important role for women medical 
providers in decreasing expectations of pain treatment outcomes and indicates a need to 
increase gender diversity in the medical workforce (Mateo & Williams, 2020). In one 
example, many individuals had no preference for their provider’s gender, but for those that 
did care, 90% preferred having a woman provider (Dineen et al., 2019).  

These studies are important for understanding how medical provider selection and 
medical provider characteristics might impact a patient’s expected pain and treatment 
outcomes. We know social factors and expectations of pain can have several downstream 
effects on actual pain perception (Alqudah et al., 2010; Arber et al., 2004; Mende-Siedlecki, 
2019), so identifying ways we can decrease pain expectations in patients will be continually 
beneficial. One limitation with our current studies, is that we asked individuals to make 
ratings based on general pain outcomes rather than for specific pain procedures. We did not 
want an individual, who may have varied greatly in whether they experienced a specific pain 
procedure or not, to confound the potential influences of a providers trait characteristics on 
outcomes. Furthermore, to gain a general sense of potential provider influences, we included 
a sample of health volunteers to complete our task. Our participants did not experience pain 
during the task (e.g., the salience and attention needed by pain), which may alter the impact 
of provider traits on patient decisions of patients currently in pain. Future work should look at 
patient populations and determine if similar biases in trait characteristics of providers impact 
pain expectations and actual pain outcomes. Furthermore, within clinical settings, it will be 
important to determine if differential outcomes occur for different types of pain procedures. 
The current study suggests potential influences in pain outcomes can occur from something 
as simple as an impression of a potential provider. As pain is highly modifiable, it was 
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important for us to investigate whether individuals expressed confidence in their verbal 
reports of pain.  

6.2 STUDY II: ASSESSING CONFIDENCE IN SELF-REPORTS OF PAIN 

We extended the literature of confidence in perceptual decision making to pain. Individuals 
presented with variable levels of confidence in their subjective self-reports of pain in our pain 
calibration task. This suggests that individuals are able to make metacognitive judgments 
regarding their pain and have an awareness of their confidence. We do note that participants 
reported high confidence overall, suggesting a good understanding of the scale and the 
anchors we used during instructions. Future research should consider how anchoring, and 
instructions might impact confidence. For example, a participant can be asked to focus 
primarily on the affective or on the sensory aspects of the pain experience.  Furthermore, in 
our task, participants reported pain after experiencing the stimulus. Methods from drift 
diffusion modeling (Wiech et al., 2014; Zaman et al., 2020) reveal variability in the decision-
making process as an individual experiences an aversive stimulus, suggesting a potential 
benefit from assessing pain decision-making that happens concurrently with stimulation as 
opposed to retrospective of the stimulus. As each pain report was given in response to a 
single stimulus and was solely dependent on a person’s feelings, every self-report of pain in 
our task can be considered correct and the person’s ground truth. With this framing, our 
results are quite comparable to other sensory modalities which also report high levels of 
confidence on trials that were labelled ‘correct’ (Fleming & Lau, 2014). 

We also observed implicit measures of confidence. Reaction time was a good predictor 
of confidence; it predicted both how much confidence someone would report and whether a 
pain rating would be rated with complete confidence or not. The linear relation between 
confidence intensity and reaction time during pain ratings was similar to other sensory 
modalities (Rahnev et al., 2020). We also observed an effect of eye fixations, such that more 
fixations occurred on trials that were rated as less confident; however, this was dependent on 
an individual having strong associations between their pain ratings and the temperatures they 
received.  This outcome differed from other sensory modalities which observe effects of eye 
fixations across all subjects (Brunyé & Gardony, 2017). 

We also observed an effect of time, such that participants reported greater levels of 
confidence later in the calibration task. This suggests that researchers should consider having 
several practice trials before implementing pain manipulations to ensure a person is confident 
in their pain ratings and their use of the rating scale. We also observed an effect of 
temperature in our task, such that individuals were more confident in their pain report when 
they experienced higher temperatures. This is similar to other sensory modalities, which 
observe associations between greater sensory information and more confidence (Gold & 
Shadlen, 2007). It should be noted that this effect was only present on trials that individuals 
rated as painful. On trials that individuals only perceived as warm, there was no association 
between temperature and confidence.  
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We hope providers will take this knowledge to ask individuals how confident they are 
in the clinic and expand the verbal report information they obtain regarding pain. Increasing 
dialogues about pain experiences have also been recommended by the Joint Commission, 
which saw poor outcomes from the use of unidimensional pain tools in clinical settings (Levy 
et al., 2018). Increasing verbal communication about pain will be particularly important for 
patient populations that may mistrust medical providers as a result of several poor 
experiences with medical care and experiences in which their pain was discounted or not 
believed. Moreover, these findings hold value to chronic pain populations that commonly 
report that medical providers do not believe their pain (Goldman, 1991; Kenny, 2004), an 
experience that is also exacerbated for HMP patients’ pain (Burgess et al., 2008). We hope 
patients reporting their confidence will be able to better advocate for themselves and give 
them more opportunities to describe their pain experience. Indeed, it has been noted that 
HMPs may actually be more likely to report lower levels of pain than they actual experience 
to their medical providers (Boring et al., 2021). We did not observe differences in confidence 
report by our demographic factors, but it will be important to assess this in medical settings to 
ensure more biases do not arise. Furthermore, we hope more guidelines will be put in place to 
standardize how providers assess nonverbal behaviors in clinical settings and that more 
research can be done to assess potential biases in nonverbal pain assessments.  

6.3 STUDY 3: PAIN ASSESSMENTS OF COMPUTER-GENERATED AND PAIN-
RELATED FACIAL EXPRESSIONS OF PAIN.  

We assessed how pain decisions compare to basic emotions and whether sociocultural biases 
emerge in affect-related decisions to computer-generated representations of pain-related 
facial expressions. We created our pain expressions based on a recent systematic review of 
real pain observed in both clinical and experimental settings. In sub-studies 1-4, individuals 
were able to perceive pain and utilize facial expression intensity to make their judgments. 
Increased levels of facial expression activation of pain-related facial regions led to increased 
odds of rating a trial as painful and led to increases in perceived pain intensity ratings. 
However, in sub-studies 1-4, participants were primed with a question of whether the 
expression they viewed presented ‘pain’ or ‘no pain.’ This priming and context may have 
biased participants to consider an expression as exhibiting pain. In contrast, in sub-study 5 
participants were shown expressions from the basic emotions and pain and they were initially 
asked which emotion an expression exhibited (pain was only one of nine options). In this 
task, perceivers only reported pain on 7% of trials that presented pain-related expressions, 
suggesting individuals may actually be quite bad at assessing pain in our pain-related facial 
expressions. It also reinforces that context and body cues may be important for discriminating 
affective states (Aviezer et al., 2012; Barrett et al., 2011). Similar to sub-studies 1-4, there 
was an increase in the likelihood of correctly categorizing an emotion with more facial 
expression activation; however, this does not negate the poor recognition rates for pain. 
Instead, pain was often confused for anger expressions. This is interesting, as pain does not 
share many overlaps in terms of facial expressions activation with anger (Table 1). In studies 
1-4, in which pain was observed about 50% of the time, pain-related expressions were most 
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often confused with neutral, anger, and surprise emotion categories. We postulate that pain 
may have been confused for ambiguous outcomes (neutral and surprise) at lower levels of 
intensity presentation and that pain may have been confused for anger at higher intensities, as 
both pain and anger are considered to be negative in affect. Indeed, there are more categories 
to select a negative affect compared to a single positive category (Sauter, 2010).  

We also exhibited sociocultural effects on emotion-related decision making. 
We observed racial biases in perceivers estimates of emotion intensity, such that perceivers 
rated Black targets as less expressive compared to White participants. Although this did not 
interact with which emotion was expressed, it does suggest that perceivers may see emotion 
more readily in White targets and emotion less readily in Black targets similar to the literature 
in basic emotions (Richeson & Trawalter, 2008; Trawalter et al., 2008; Wan et al., 2015; 
Young et al., 2012). Such findings could have particularly important implications for pain 
expressions, as individuals typically undergo multiple levels of screening in order to seek 
medical care (e.g., emergency room triage centers; Mackway-Jones et al., 2013). If hospital 
workers do not perceive intense emotions in Black or women patients, that might encourage 
them to screen out a potential patient. However, these biases are not restricted to medical 
settings and biases in emotion recognition may emerge in all spheres of life (Richeson & 
Shelton, 2005; Richeson & Trawalter, 2005). We also observed biases by gender, such that 
individuals reported more confidence in decisions with targets depicting men compared to 
women. It has been observed, that with greater ambiguity and less certainty perceivers are 
more likely to engage in stereotypes and biases in their medical decisions (De Ruddere et al., 
2012) and pain assessments (Hirsh et al, 2015). These outcomes are consistent with emotion 
literature, which does not typically observe bias at first level emotion recognition, but at 
second level decision outcomes (e.g., reaction time; Bijlstra et al., 2010).  

Surprisingly, we did not observe differences in pain recognition by 
sociocultural factors. We included measures of target race, target gender, group membership 
by both gender and race, and perceived similarity. Although effects varied across our sub-
studies, across all studies there was no consistent differences by any social factor. This is in 
contrast to previous research suggesting a role of sociocultural factors on pain and health 
outcomes (Alqudah et al., 2010; Arber et al., 2004; Mende-Siedlecki, 2019). The lack of 
biases in pain assessments as compared to the clinic, calls to question the validity of our 
current stimuli. As previously stated, only 7% of trials in sub-study 5 were identified as pain 
when the priming question of, ‘pain’ or ‘no pain’ was removed. It is possible that our stimuli 
were poor representations of the pain expression, and that uniform activation of these regions 
is not typical of pain expression presentation. In our task, all pain-relevant regions were 
activated at the same intensities. We recommend future research to vary the intensity of 
movement in the relevant pain-related facial regions. Presenting action units at varying 
intensities within a trial can help researchers parse how much weight perceivers give different 
facial regions as they make their pain assessments. However, it is also possible that we 
missed valuable contexts (e.g., the medical setting) that may be important for pain assessment 
and may facilitate current biases (Schrooten & Linton, 2017). Our stimuli were presented 
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without hair and other potential social status indicators. This made our task as controlled as 
possible and isolated potential biases in assessment purely to target demographics. However, 
it may be that potential interactions between status or context and target demographics are 
needed to amplify biases (Brooks et al., 2018; Hirsh et al. 2015, Paige Loyd & Hugenberg, 
2020). Incorporating additional cues may be important in future work, as only a few studies 
have considered whether culture influences pain assessments (Chen et al., 2016). The 
interaction between culture, context, and pain-related expressions is important to understand, 
as expressions vary across cultures (Jack et al., 2012) and expressions may vary greatly 
depending on the goals of the patient (e.g., an individual may try to counter and suppress pain 
behaviors to minimize negative stereotypes of medication seeking when seeking medical 
care). Furthermore, while we used facial regions reported as most activate during clinical and 
experimental pain, the systematic review which established these regions (Kunz et al., 2019) 
is also noted for being primarily built on White samples (Dildine & Atlas, 2019). Whether 
differences in nonverbal behaviors exist in pain as a function of psychosocial factors is still 
unknown. It is with this goal of increasing the ecological validity that we attempted our final 
study.  

6.4 STUDY 4: PAIN ASSESSMENTS OF VIDEOS OF REAL ACUTE HEAT 
PAIN.  

We created the first set of racially diverse videos of real acute pain and assessed for potential 
sociocultural biases in pain assessment. We collected videos, self-reports, and physiological 
data from a diverse cohort of individuals experiencing acute heat, shock and cold pain and 
shared these videos (based on a subset of individuals who opted into sharing their facial 
images during the consent process) to participants to investigate biases in pain assessment. 
Most studies of emotion recognition present posed or stereotyped emotions (Krumhuber et 
al., 2021), and assess accuracy as an individual’s ability to correctly identify posed 
presentations of an emotion. Furthermore, most studies of emotion recognition do not include 
intensity as a variable (Paiva-Silva et al., 2016). However, as it is typical to assess for 
intensity of pain in clinical interactions and because humans appear capable of assessing 
variations in expression activation, even in childhood (Garra et al., 2010), we included 
intensity metrics in our task and compared them to target’s actual ratings.  

Pain provides a particularly interesting affective state to assess decision making, as it is one 
of the few affective states where people are probed for intensity judgements and experimental 
models of pain allow us to vary intensity experience given that pain occurs from both 
psychological and sensory inputs. The latter can be objectively increased (e.g., giving hotter 
temperatures) to elicit greater levels of pain intensity. There are less precise analogues for the 
basic emotions. We hope to make the full set of videos available to the larger community in 
the near future. While data collection and videos are still being collected, we ran a study 
using a subset of already collected videos to investigate potential biases in assessments of 
facial expressions of pain. 
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In terms of sociocultural effects, we observed typical racial bias (Eversley et al., 2005; Green 
et al., 2003; Lloyd et al., 2022; Ng, et al., 1996) throughout the task. Using signal detection 
frameworks (Green & Swets, 1966), we observed perceivers were more likely to achieve hits 
(perceive pain when a target reported pain) on White targets compared to Black targets. We 
also observed increased number of misses (perceiving no pain when a target reported pain) 
toward Black targets compared to White targets. Here, signal detection theory is a reasonable 
framework, as we compared a perceiver’s ability to recognize signal in a target (i.e., there 
was a ground truth to judge perceivers ratings with) as opposed to assessing accuracy in self-
reports of pain in Study 1. We did not observe differences in our signal detection framework 
by target gender nor by group membership.  

Individuals also biased their pain categorization and pain intensity judgments by race. 
Participants were more likely to perceive pain in White targets compared to Black targets and 
they were more likely to report more intense pain in White targets compared to Black targets. 
This is similar to the literature on health disparities in pain by race (Mende-Siedlecki et al., 
2019; Trawalter et al., 2012) and lines up with previous work suggesting decreased empathy 
by race to pain images (Contreras-Huerta et al., 2013). Surprisingly, we also observed bias by 
target gender, but in the opposite direction of what we hypothesized. We assumed based on 
the literature that individuals would report pain more often and at higher intensities for men 
compared to women (Mogil, 2012). However, we observed the opposite outcomes. It is 
possible that our women had more expressive facial expressions of pain. Although including 
facial expressions as a potential moderator is important and indeed, it has shown to increase 
gender biases in pain assessment against women (Zhang et al., 2021), there is still not 
consensus on the best ways to measure facial expression intensity. In our ongoing study, 
creating a facial expressions of acute pain database, we will be using a full sample to estimate 
and predict pain, with considerations for target factors that go beyond target demographics 
(e.g., discrimination and social stress). This is important, as we do not want to potentially 
create and/or reinforce negative stereotypes of certain groups in the current task. Therefore, 
we have decided to keep its inclusion from our main analyses.  

We also assessed for potential moderators in our task. In our model predicting 
categorical pain outcomes (pain vs. no pain), we observed moderation of our race effect by 
perceived similarity. Perceivers with high levels of similarity rated White targets in pain more 
often compared to those with low similarity. There was no difference in how often perceivers 
rated Black targets in pain based on similarity scores. We did not observe an interaction of 
this effect by group status, suggesting perceived similarity was beneficial for White targets 
across all perceivers. This is contrast to previous research, which has observed positive 
effects of perceived similarity for all patient populations (Street et al., 2008). Surprisingly, 
our results suggest perceived similarity may not be as beneficial for Black targets when the 
similarity is perceived solely by the provider. We also observed a moderation of our race 
effect in our model predicting pain intensity. We observed an effect of Modern Racism Scale 
(MRS) scores, such that individuals scoring higher in MRS were more likely to exhibit 
steeper slopes between target intensity and perceived intensity when viewing White targets 
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compared to Black targets.  Our results suggest general racism and racial bias endorsement as 
a potential factor to provide interventions for, in order to hopefully decrease biases in pain 
assessment by race. Interestingly, we did not observe moderation by implicit racial bias, 
which has been postulated to correlate more with perceptual biases (FitzGerald & Hurst, 
2017). However, our results fall in line with previous research in pain, which has also 
observed associations between pain outcomes and explicit measures of racial bias 
endorsement (Hoffman et al., 2016). Importantly, work in social psychology suggests the 
following interventions are possible to combat racial biases: contact (Correll et al., 2021; 
Freeman et al., 2016), mimicry (Inzlicht et a., 2012), perceptual training (Lebrecht et al., 
2009), perspective taking (Todd et al., 2011), and general cognitive strategies (Sheng & Han, 
2012). An important next step would be testing these interventions and their efficacy in 
decreasing biases in pain assessment outcomes.   
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7 CONCLUSIONS 
In our tasks assessing the pain decision making process both from the self and from outside 
perceivers, we observed several novel outcomes: 

1. We observed that an individual’s perceptions of their potential provider can impact 
their expected pain and their expected medication use.   Greater perceived similarity 
with a provider led to decreases in the amount of pain someone expected and the 
amount of treatment they thought they would need. Though these effects were greater 
for White pariticpants, it suggests thata need to diversify the medical workforce.  

2. We also observed that individuals can make higher order decisions (e.g., confidence) 
regarding their pain and there are behavioral correlates that we can use in our tasks to 
estimate confidence (slower ratings are less confident).  We recommend medical 
providers and lay people alike probe self-reports of pain more, by asking a person’s 
confidence in their pain report and to generally increase discussions of what a person 
is experiencing with their pain.  

3. We did not observe typical sociocultural biases when using computer-generated 
images of pain-related facial expressions. We did observe that individuals have a 
difficult time seeing pain when they are not primed with ‘pain’ or ‘no pain’ questions 
and emotion-related decisions were less confident towards women and rated as less 
intense towards Black targets. Our results suggest potentially important questions of 
how well individuals can identify pain expressions and the role of context and cues in 
affect recognition.  

4. Finally, we created and used the first set of racially diverse videos of acute heat pain  
in a pain assessment task. We observed typical racial biases that were moderated by 
both perceived similarity and modern racism scale scores. Surprisingly, we did not 
observe typical gender biases suggesting gender biases in the clinic are not due to 
nonverbal pain assessments, but more work is needed to determine the best ways to 
quantify facial expressions and including them as controls in our task. 
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