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A B S T R A C T   

Across 10 experiments (N = 1584), we investigated biases in assumptions about pain sensitivity as an expla-
nation for pain treatment disparities across socioeconomic status (SES). We find that lower-SES individuals are 
believed to feel less pain than higher-SES individuals (Studies 1a-1c), and this effect persists across target de-
mographics including race (i.e., White individuals, Black individuals) and gender (i.e., men, women; Studies 
2–3). Next, we examined two potential mechanisms underlying the effect of SES on pain sensitivity: dehu-
manization and beliefs about life hardship (Studies 4–5). We observed supporting evidence for the differential 
life hardship account of pain sensitivity biases across SES. Finally, we investigated the downstream consequences 
of biased pain perception of pain sensitivity for medical care and treatment recommendations, finding that both 
lay participants (Studies 6–7) and medical providers (Study 8) believe that low-SES individuals are less sensitive to 
pain and therefore require less intensive pain management. This systematic bias in judgments of pain sensitivity 
across SES has implications for psychological theory and equitable pain treatment.   

Socioeconomic status (SES) is defined as the combination of an in-
dividual’s social and economic status that can be measured through 
education, income, and occupation (Baker, 2014; Evans et al., 1997). 
Understanding SES-based stereotypes and discrimination has long been 
a critical question in psychological research (e.g., Darley & Gross, 1983; 
Lott, 2002). Stereotypes of the poor often include low-competence, low- 
warmth content (Fiske, Cuddy, Glick, & Xu, 2002), such as laziness, 
uncleanliness, and a lack of self-regulation (e.g., Cozzarelli, Wilkinson, 
& Tagler, 2001), and in extreme cases can lead to low-SES individuals 
being likened to non-human animals (Loughnan, Haslam, Sutton, & 
Spencer, 2014; see Lott, 2002 for a review). Further, the consequences of 
such class-based biases can be quite sweeping, affecting nearly all areas 
of life. For example, individuals with relatively low SES are subject to 
poorer educational outcomes (Walpole, 2003), harsher criminal 
sentencing decisions (Mazzella & Feingold, 1994), and sub-par medical 
treatment and health outcomes (Luo & Waite, 2005). 

We seek to extend this tradition of research on class-based stereo-
types to test a novel and disturbing hypothesis: that low-SES individuals 
are reliably stereotyped as inured to physical pain. Further, we believe 
this stereotype may have a variety of consequences, including the 

undertreatment of painful medical conditions for low-SES individuals. 
Indirectly supporting this hypothesis, low-SES individuals receive 
poorer medical care than high-SES individuals for a variety of painful 
medical conditions (e.g., Bristow et al., 2013; Haas, Cleary, Guadagnoli, 
Fanta, & Epstein, 1994; Le, Ziogas, Lipkin, & Zell, 2008). In fact, the 
United States has one of the largest pro-rich biases in patient care 
worldwide even among similarly wealthy nations (Van Doorslaer, 
Masseria, & Koolman, 2006). Critical for the current hypothesis, lower- 
SES individuals have consistently poorer pain treatment outcomes. For 
example, Joynt et al. (2013) show that, across 184 million medical visits, 
lower-SES patients reliably receive less intensive pain treatment than 
their higher-SES counterparts. Further, a comprehensive analysis of 
existing pain research conducted by the Institute of Medicine (2011) 
indicates disparate treatment of stigmatized groups, including low- 
income individuals, is a sizable concern in the field of pain management. 

Why do low-SES individuals receive substandard pain care? 
Although both structural issues (e.g., lack of access to care; Newacheck, 
Hung, Jane Park, Brindis, & Irwin Jr, 2003) and patient-level influences 
(e.g., health related behaviors; Goldman & Smith, 2002; Ward et al., 
2004)1 can contribute to SES-based disparities in pain treatment, we 
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hypothesize that this treatment deficit may also be attendant to broader 
cultural stereotypes of low-SES individuals as being less sensitive to pain 
than their higher-SES counterparts. If true, this stereotype may desen-
sitize perceivers to the pain of low-SES (relative to high-SES) targets, and 
in turn affect medical providers’ decisions about pain treatment. 

In the present work, we seek to 1) test for the existence of a stereo-
type of low-SES individuals as insensitive to pain, 2) explore general-
izability of this stereotype across target groups (i.e., race and gender), 3) 
competitively test two mechanisms for this putative bias, and 4) inves-
tigate downstream consequences for both laypeople’s and medical 
professional’s judgments of the pain of low- and high-SES patients. 
Notably, our hypothesis that low-SES individuals are stereotyped as 
insensitive to physical pain may seem surprising because it contrasts 
with research indicating that relatively low-SES individuals are actually 
more susceptible to pain and painful sensations (Chou, Parmar, & 
Galinsky, 2016; Dorner et al., 2011; Gran, 2003; Hagen, Tambs, & 
Bjerkedal, 2006; Lloyd et al., 2021; Torrance, Smith, Bennett, & Lee, 
2006). However, these hypotheses derive from two theory-driven ac-
counts from which faulty assumptions about low-SES individuals as 
insensitive to pain may originate: experiential dehumanization and 
differential life hardship. 

1. Experiential dehumanization: poor people are dehumanized 
and seen as inured to pain 

One route by which lower-SES individuals may be characterized as 
less sensitive to pain is through experiential dehumanization. Put sim-
ply, if low-SES individuals are often seen as less than human, and if 
dehumanized people as less sensitive to painful stimuli (Caviola, Everett, 
& Faber, 2019), then perhaps such dehumanization is one potential 
route for an SES-pain link. Although the evidence supporting this hy-
pothesis is indirect, multiple studies have linked dehumanization to both 
social class and pain judgments. 

The scientific literature outlining theories of dehumanization and 
related constructs is varied, however there is some consistency in how 
multiple traditions, including infrahumanization (Leyens et al., 2000), 
dehumanization (Haslam, 2006), objectification (Loughnan et al., 
2010), and mind perception (Waytz, Gray, Epley, & Wegner, 2010), 
address the question of how and when humans are ascribed and with-
held fully human faculties (see Haslam & Loughnan, 2014 for a review). 
Indeed, most theories focus on the sophisticated cognitive and experi-
ential faculties that we ascribe to humans, and how both characteristics 
of perceivers and characteristics of targets can lead people to ascribe or 
withhold these faculties. Relevant to the current work, Gray, Gray, and 
Wegner (2007) demonstrate that there are variations in the extent to 
which animals are seen as having basic sensory experiences such as pain, 
with some animals (e.g., frogs) being rated as having less experiential 
acuity than humans. More recently, research has established a link be-
tween dehumanization and pain perception as well. Specifically, in-
dividuals who are dehumanized – seen as less evolved and otherwise 
likened to animals – are also seen as less capable of feeling pain (Deska & 
Hugenberg, 2018; Deska, Lloyd, & Hugenberg, 2018; Deska et al., 2020). 
Thus, there is some evidence linking dehumanizing judgments of others 
to believing they are insensitive to pain. This tendency to see 
dehumanized individuals as less sensitive to pain may help explain the 
various negative consequences of dehumanization. Indeed, denying 
humanity to others is related to less empathy (e.g., Čehajić, Brown, & 
González, 2009), a potentiation of blame (e.g., Bastian, Laham, Wilson, 
Haslam, & Koval, 2011), intergroup victimization and harmdoing (e.g., 
Bastian et al., 2011; Rai, Valdesolo, & Graham, 2017; Rudman & 
Mescher, 2012), and harsher punishments (e.g., Bastian, Denson, & 
Haslam, 2013) for dehumanized targets or groups. If dehumanized 
groups seem to feel less pain, then one need not be concerned when they 
experience suffering. Thus, there is good reason to believe that 
dehumanized groups may be judged as insensitive to painful 
experiences. 

There is also evidence suggesting that lower-SES individuals or 
groups are dehumanized (Capozza, Andrighetto, Di Bernardo, & Falvo, 
2012; Loughnan et al., 2014). For example, across multiple studies in the 
US, the UK, and Australia, Loughnan et al. (2014) found that lower-SES 
people are differentiated from other members of society on the Big Five 
Personality traits in a similar manner to the way apes are differentiated 
from humans. Thus, across multiple cultures, researchers find evidence 
that poorer people are seen as incompletely human. Other evidence from 
Harris and Fiske (2006) indicates that perceivers demonstrate decreased 
neural activity in the medial prefrontal cortex when viewing members of 
a low-SES group (i.e., homeless), an effect more typical of processing 
objects than people. Sainz, Martínez, Moya, and Rodríguez-Bailón 
(2019) also examined the relationship between targets’ SES and attri-
butions of humanity. In one study, participants evaluated the presence 
of human uniqueness traits (i.e., traits that separate humans from ani-
mals) and human nature traits (i.e., traits that separate humans from 
machines) for fictitious high-SES or low-SES groups. Sainz and col-
leagues (2019) demonstrated that participants denied the low-SES 
(relative to high-SES) target group human uniqueness traits, an effect 
indicative of animalistic dehumanization. Thus, across multiple studies, 
low-SES individuals are often dehumanized. 

Taken together, the existing research on dehumanization gives 
reason to believe that low-SES targets might be judged as insensitive to 
pain. Although the support is indirect, past work has found both animals 
(Gray et al., 2007) and dehumanized individuals (Deska & Hugenberg, 
2018) are judged to be less sensitive to pain. Further, low-SES in-
dividuals are often explicitly likened to animals (e.g., Harris & Fiske, 
2006; Loughnan et al., 2014; Sainz et al., 2019). This combination gives 
reason to believe that low-SES individuals will be stereotyped as less 
sensitive to pain. 

2. Life hardship: adversity is assumed to inure poor people to 
pain 

A second potential cause for this putative SES-based bias in pain 
judgment is that low-SES individuals are believed to have undergone 
more life hardship than their high-SES counterparts. Low socioeconomic 
status is defined in part by characteristics of hardship – limited economic 
resources, poor educational opportunities, and occupations in which 
manual labor is common (Baker, 2014; Evans et al., 1997). Critically, 
there are robust cultural beliefs about the “hardening” effects of such life 
hardship. People often believe that experienced life hardship can pro-
mote toughness in the face of adversity (e.g., “what doesn’t kill you 
makes you stronger”). Indeed, the idea that adversity toughens is suffi-
ciently pervasive that it has entered the scientific literature and pro-
fessional practice. For example, practice grappling with and overcoming 
stressful events is the very logic behind stress inoculation training and 
stress exposure training that is employed to prepare warriors for the 
rigors of battle (Robson and Manacapilli, 2014). Further, there is some 
research support for the premise that dealing with minor to moderate 
levels of adversity can improve subsequent resilience to later stressors 
(Seery, 2011). Seery, Leo, Lupien, Kondrak, and Almonte (2013) 
measured healthy participants’ self-reported lifetime adversity and 
introduced an acute stressor: immersing participants’ hands in ice-cold 
water (a “cold pressor task”). They found that a moderate level of life 
adversity led participants to avoid catastrophizing the experience (e.g., 
being overwhelmed by fear of the discomfort), and to report lower levels 
of pain from the experience itself. However, high levels of life adversity 
were associated with more acute and negative responses to pain (see also 
Seery, Holman, & Silver, 2010). 

Thus, although there may be a “kernel of truth” to the belief that in 
some instances life adversity can inure one to (at least mildly) painful 
experiences, the more potent and chronic nature of poverty-related 
stressors mirror the high-adversity findings of Seery et al. (2013). 
Consistent with this, Chou et al. (2016) examined the causal relationship 
between economic insecurity (a key component of low socioeconomic 
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status) and physical pain. In one study, participants wrote about a time 
they felt either financially stable or financially unstable before rating the 
amount of pain they were concurrently experiencing. Those who wrote 
about financial instability reported feeling more pain than those who 
wrote about financial stability. These findings were corroborated in a 
behavioral measure of pain sensitivity using a cold presser task. Spe-
cifically, participants who wrote about financial instability were able to 
withstand less pain (quantified by withdrawing their hand faster from a 
painful ice bath) than participants who wrote about financial stability. 
Work in the medical field has also demonstrated that lower-SES in-
dividuals tend to experience greater disability from painful incidences 
(Dorner et al., 2011). Thus, although there may be reason to believe that 
modest levels of stress may inoculate individuals against subsequent 
acute stressors (Seery, 2011), the chronic nature of low socioeconomic 
status appears to sensitize rather than inure one to pain. 

And yet, it is often the case that people are insensitive to this 
curvilinear relationship between hardship and toughness. Instead, 
Hoffman and Trawalter’s (2016) recent work has demonstrated that 
many lay perceivers endorse a linear hardship-to-toughness link: more 
life hardship leads to more subsequent toughness. In this work, per-
ceivers received life-hardship information about target individuals and 
then rated the pain sensitivity of these individuals. Targets evaluated as 
having experienced greater life-hardship were evaluated as less sensitive 
to pain. Indeed, recent research has demonstrated that this hardship-to- 
toughness expectation appears to undergird race-based biases in pain 
judgments. Trawalter, Hoffman, and Waytz (2012) established a race- 
based bias in pain judgments such that Black targets are evaluated as 
experiencing less pain than White targets (see also Deska, Kunstman, 
Bernstein, et al., 2020). Furthermore, these race-based biases in pain 
judgments are reliably mediated by perceptions of life hardship: Black 
people are seen as less privileged than White people and therefore as 
more inured to pain. Given this evidence, life-hardship may play a role 
in explaining other group-based disparities in pain judgments, like SES. 

3. The current work: linking target SES to pain perception 

Based on both real-world observations from millions of pain man-
agement patient visits and predictions drawn from the dehumanization 
and the life hardship literatures, we predicted that low-SES individuals 
would be seen as inured to physical pain, relative to their high-SES 
counterparts. We see the possibility of a robust yet unarticulated link 
between targets’ SES and pain perception as both novel and theoreti-
cally important for several reasons. First, the present research extends 
the literature in intergroup relations and distinguishes itself from much 
of the past work on SES-based biases, which have often focused on the 
system justifying effects of stereotypes (e.g., Cozzarelli et al., 2001) or 
on the location of low-SES individuals in the stereotype content model 
(see Fiske et al., 2002). Instead, in the present work, we propose a 
specific set of hypotheses about the origin of stereotypes of low-SES people 
that are distinct from system justification motives and stereotype con-
tent. Here, we focus on the causes and consequences of SES-based beliefs 
about a fundamental individual capacity – the ability to feel painful 
experiences – which is a relatively rare pursuit in the literature on SES- 
based biases. 

Second, this work extends the literature on pain judgments. Past 
work on pain perception has focused on either judgments of individuals 
experiencing pain (e.g., Patrick, Craig, & Prkachin, 1986; Richard- 
Lalonde, Boitor, Mohand-Saïd, & Gélinas, 2018), or on target race or 
gender effects in distorting pain judgments (e.g., Lloyd & Hugenberg, 
2021; Lloyd, Paganini, & ten Brinke, 2020; Mende-Siedlecki, Qu-Lee, 
Backer, & Van Bavel, 2019). Here, we extend these effects to a novel 
and empirically distinct group: low-SES individuals. Furthermore, 
establishing an SES-to-pain perception link would present a novel 
mechanism by which to understand the robust under-treatment of low- 
SES individuals’ pain in medical contexts (Joynt et al., 2013). 

Third, this work may have important downstream implications 

beyond medical care. For example, if low-SES individuals are seen as 
being inured to pain, this may help explain why people may be unwilling 
to help them or enact policies that support and care for low-SES in-
dividuals; that is, people may think low-SES individuals do not need 
support because they do not think low-SES individuals feel acute pain in 
the first place. For example, employers may not offer paid time-off or 
may not adjust job responsibilities for lower-SES employees following an 
injury occurring outside of the workplace because they believe the 
employee to be less sensitive than they are. This type of thinking bears 
resemblance to prevalent and engrained ideologies in the United States 
(e.g., John Henryism, “pulling oneself up by one’s bootstraps;” Bennett 
et al., 2004) that are interpreted by some with pride while simulta-
neously serving to justify inequality. 

Finally, the present research is squarely in line with multiple calls in 
psychology to focus on how social class and class-related beliefs can 
influence basic psychological processes (American Psychological Asso-
ciation, Task Force on Socioeconomic Status, 2007; Kraus & Stephens, 
2012; Lott, 2002). Thus, we believe the present research has both 
theoretical reach and meaningful real-world implications. 

To this end, we present ten experiments, in which we 1) directly 
tested the hypothesis that targets’ SES would influence perceptions of 
their pain, 2) conducted an exploratory investigation of the generaliz-
ability of this putative SES-based bias, 3) established one mechanism by 
which this occurs, and 4) demonstrated the extent to which pain treat-
ment recommendations could be understood as a function of this SES- 
based pain sensitivity bias. We address each of these four goals in 
separate sections of this paper. In the first section (Studies 1a-1c), we 
test our basic hypothesis that low-SES individuals are believed to feel 
less pain than high-SES individuals. We operationalize SES via manip-
ulations of the targets’ occupation (Study 1a) and access to resources 
(Studies 1b-1c), demonstrating robustness of the SES-pain perception 
link across multiple operationalizations of SES. In the second section 
(Studies 2–3), we conduct exploratory analyses investigating the 
generalizability of this effect across variations in target race (Study 2) 
and target gender (Study 3), demonstrating the persistence of the SES- 
pain perception link across multiple target populations. In the third 
section (Studies 4–5), we directly test our two proposed mechanisms for 
SES-based bias in pain perception, experiential dehumanization and 
differential perceived life hardship, finding that beliefs about life 
hardship best account for this bias. In the fourth and final section of the 
paper (Studies 6–8), we investigate the downstream consequences of 
biased pain perception for medical care and recommended treatment 
among both lay participants (Studies 6–7) and medical providers (Study 
8), finding that both lay participants and medical providers show similar 
biases in pain judgments and treatment recommendations. In addition to 
the eight studies presented in the main text, we conducted several 
replication studies. These replication studies are not described in detail 
in the main text for conciseness, but the full methodology and results are 
presented in the supplemental materials. In combination, this work ex-
amines SES-based health disparities from stereotyping and person 
perception lenses, and thus we believe will be of interest to researchers 
across several fields (e.g., social psychology, health psychology, 
sociology). 

4. Section I: establishing an SES-based bias in pain perception 

4.1. Study 1 

We first tested the hypothesis that target SES may affect judgments of 
targets’ pain sensitivity. In Study 1a, we recruited participants to judge 
the pain sensitivity of target faces exhibiting neutral expressions. Each 
target was paired with either a high- or low-income occupation, our 
operational definition of target SES. Participants rated how much pain 
each target would experience across a range of pain inducing situations 
ranging from relatively minor (e.g., getting a paper cut) to more intense 
injuries (e.g., slamming a hand in a car door; Trawalter et al., 2012). We 
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replicated this procedure in Study 1b with another operationalization of 
SES (i.e., a vignette manipulating perceived access to resources) and a 
between subjects’ design. We hypothesized that participants would rate 
low-SES targets as feeling less pain than high-SES targets, providing 
preliminary support for the hypothesis that low-SES targets (relative to 
high-SES targets) are believed to be relatively insensitive to pain. 

4.2. Study 1a 

To test whether people believe low-SES targets are insensitive to pain 
relative to high-SES targets, we asked participants to view targets paired 
with high- and low-income occupations and estimate the amount of pain 
they believed each target would feel in response to several injuries. 

4.3. Method 

In conducting the reported research, the ethical guidelines for the 
American Psychological Association were followed, and the research 
was conducted following approval by the Institutional Review Boards 
atthe University of Denver and Miami University. The rights of the 
participants were protected throughout the experiments. 

For this study and the following studies, all measures, manipulations, 
and exclusions are disclosed. Measures not central to the argument of 
this work are reported in the Supplemental Materials. All participant 
data were collected prior to data analyses. 

4.3.1. Participants 
To estimate sample size for the current work, we used G*Power 

(V3.1; Faul, Erdfelder, Lang, & Buchner, 2007) and relied on Trawalter 
and colleagues’ (2012) Study 1 effect size (d = 0.51). This analysis 
suggested we needed 63 participants to obtain 80% power for a paired- 
samples t-test. However, given that our independent variable was target 
SES rather than target race, we conservatively targeted 126 participants. 
In actuality, 1312 American participants were recruited from Amazon’s 
Mechanical Turk (MTurk)3 recruitment platform. Participants included 
62 men and 69 women, were primarily White (100 White, 10 Asian, 10 
Black, 4 Latinx, 3 American Indian or Alaska Native, 2 bi- or multi-racial, 
1 Native Hawaiian or Pacific Islander, and 1 did not disclose), and 
ranged in age from 18 to 71 (Mage = 37.40; SDage = 11.71). No partici-
pants were excluded from analyses. 

A sensitivity analysis was conducted in G*Power (Faul, Erdfelder, 
Buchner, & Lang, 2009) specifying a two tailed dependent means t-test 
with an alpha significance criterion of α = 0.05. This analysis revealed 
that this sample could detect a small effect (Cohen’s d = 0.25) or greater 
of target SES on pain sensitivity with 80% power. 

4.3.2. Procedure 
After informed consent, participants first completed a self-report 

measure of their own pain sensitivity (Trawalter et al., 2012). In this 
measure, participants rated the amount of pain they anticipated feeling 
in 18 different situations on a 4-point scale (1 = not painful to 4 =
extremely painful). These situations ranged in intensity from minor (e.g., 
getting a paper cut) to traumatic injuries (e.g., slamming a hand in a car 
door). Participant responses to each of the 18 situations were averaged 
to create a composite self-pain sensitivity score (M = 2.31; SD = 0.41; α 

= 0.88), with higher values indicating participants’ self-report of greater 
sensitivity to pain. Following completion of the self-pain sensitivity 
scale, participants rated the pain sensitivity of 20 White male targets, 
middling in attractiveness, selected from the Chicago Face Database 
(Ma, Correll, & Wittenbrink, 2015). Each target displayed a neutral 
expression and faced the camera. Each target was paired with a common 
American male name (e.g., John; Social Security Administration, 2017) 
and his job, which was either among the 20 highest (e.g., surgeon)4 or 20 
lowest (e.g., dishwasher)5 paying jobs in the United States (Bureau of 
Labor Statistics, 2012). Participants viewed and rated 10 targets paired 
with low-income jobs and 10 targets paired with high-income jobs, our 
manipulation of SES. Target presentation order was randomly deter-
mined. Whether a given face identity was paired with a low- or high- 
income job was counterbalanced between participants. Participants 
rated each of the 20 targets’ pain sensitivity using the same 18-item 
scale described above (M = 2.24; SD = 0.37; α = 0.93), with higher 
values indicating greater pain sensitivity for the target. Finally, partic-
ipants completed a short demographics questionnaire identifying their 
age, race, and gender. A complete list of the Chicago Face Database 
images, as well as the common names used in this and all subsequent 
studies can be found in supplemental materials. 

4.4. Results and discussion 

A paired-samples t-test on the mean pain sensitivity ratings indicated 
that low-income targets (M = 2.16; SD = 0.38) were rated as feeling less 
pain than high-income targets (M = 2.32; SD = 0.39), t(130) = 8.16, p <
.001, 95% CI [0.12, 0.19], d = 0.716; see Fig. 1 – Study 1a. 

Study 1a served as an initial demonstration that target SES can affect 
perceptions of pain sensitivity. Targets who ostensibly held low-income 
jobs were rated as feeling less pain following the same event than those 
who ostensibly held high-income jobs. Although the data support our 
hypothesis that people perceive low-SES individuals as less sensitive to 
pain than high-SES targets, the manipulation of SES via occupation in-
troduces a possible confound based on the nature of the occupations 
themselves. Occupational income systematically varies with the physi-
cality of the occupation (Pew Research Center, 2016), and individuals in 
highly physical jobs tend to earn less than those in non-manual labor 
positions (Buckley, 2003). Second, Study 1a employed pictures of the 
faces of individuals who were counterbalanced across conditions to 
either the high-SES or low-SES condition. Although the counter-
balancing ensured there were no confounds between SES and face, 
recent research indicates that perceivers can detect SES from faces at 
above-chance levels (Bjornsdottir & Rule, 2017; Bjornsdottir & Rule, 
2020), making it important to investigate whether analogous effects 
emerge without the face stimuli. Finally, Study 1a employed a within- 
subjects manipulation of target SES. Although this affords robust bene-
fits for statistical power, it can generate practice or sensitization effects 
(see Greenwald, 1976). Thus, we replicated the study with another 
manipulation of SES and a between-subjects design in Study 1b. 

4.5. Study 1b 

Study 1b was designed with a distinct manipulation of SES designed 
to address concerns from Study 1a. First, as noted in the introduction, 
SES is defined by an array of factors including occupation, income, 

2 Across studies, participants who did not provide any responses (i.e., skipped 
through the entire study) were not included in total participant counts or 
analyses.  

3 To reduce the chances of the same participant contributing data to multiple 
studies, most studies were launched from different authors’ MTurk requester 
accounts. Studies that were launched from the same MTurk requester account 
and that used the same manipulation of SES were further controlled using 
qualifications, allowing only participants who had not already participated in a 
similar study. 

4 10 high-status jobs were selected from the 20 highest paying jobs: Phar-
macist, Engineer, Surgeon, IT professional, Sales supervisor, Software devel-
oper, Lawyer, Business executive, Financial manager, and Physician.  

5 10 low-status jobs were selected from the 20 lowest paying jobs: Roofer, 
Telemarketer, Farm laborer, Taxi driver, Truck driver, Janitor, Cashier, Waiter, 
Dishwasher, Fast food cook.  

6 Cohen’s d for paired-samples t-tests in this study and those following was 
calculated using the formula: d =

|m1 − m2 |̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
s2
1+s2

2 − (2rs1s2)
√ . 
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educational opportunities, and access to resources (Baker, 2014; Evans 
et al., 1997). Thus, it is important that our operationalization of SES also 
reflects this diversity of factors. In Study 1b, participants judged the pain 
sensitivity of an individual described as either low or high in SES, 
without listing a specific occupation. This description included infor-
mation about the target’s environment, including their community’s 
income and access to educational and occupational resources, intended 
to tap this broader conceptualization of SES. Second, Study 1b employed 
no target faces to ensure inferences about targets’ SES from the faces 
themselves did not influence participants’ responses to the dependent 
measures. Furthermore, we employed a between-subjects design in 
which participants made judgments of either a high- or a low-SES target, 
eliminating concerns with practice or within-study comparisons. 

Of secondary interest, we also measured participants’ SES to inves-
tigate whether participant SES moderates the effects of target SES on 
pain sensitivity. We see two possible reasons why participant SES might 
moderate the effect of target SES on pain sensitivity. First, intergroup 
effects are prevalent across the dehumanization literature, with people 
judging outgroups as less humanlike and sophisticated than ingroups 
(for review see Haslam, 2006; Koval, Laham, Haslam, Bastian, & Whe-
lan, 2012; Leyens et al., 2001). Thus, low-SES participants might 
dehumanize high-SES targets (outgroup members) and evaluate them as 
insensitive to pain more than low-SES members (ingroup members). It is 
also possible that low-SES individuals’ increased exposure (Lantz, 
House, Mero, & Williams, 2005) and sensitivity to pain (Chou et al., 
2016; Lloyd et al., 2021) could influence biases in pain perception across 

Fig. 1. Violin plots depicting the distribution of pain sensitivity ratings across target SES (higher values = more pain sensitivity). Red dots indicate the mean of pain 
sensitivity judgments, whereas the black dots indicate jittered individual level data points. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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target SES. If low-SES individuals are acutely aware of their own pain 
and pain of close others, this could reduce the tendency to see low-SES 
targets as inured to pain. 

Yet there is also good reason to suspect participant SES may not 
moderate the previously observed effects. First, although outgroup 
dehumanization effects are widely documented, there is also evidence 
that low-status groups sometimes engage in ingroup dehumanization 
(Goff, Eberhardt, Williams, & Jackson, 2008; Loughnan et al., 2014). 
Further, stereotypes are culturally bound associations that tend to be 
learned by ingroup and outgroup, high status and low status, majority 
and minority group members alike (Correll, Park, Judd, & Wittenbrink, 
2002). Based on this theorizing, we might expect higher- and lower-SES 
participants to share assumptions about low-SES individuals as insen-
sitive to pain. 

In Study 1b, we recruited participants to judge the pain sensitivity of 
an imagined individual who was described as either low- or high-SES. 
We hypothesized that participants assigned to imagine a low-SES indi-
vidual would rate the target as less susceptible to pain than participants 
assigned to imagine a high-SES individual, demonstrating that the pre-
vious results were robust across multiple methodologies. 

4.6. Method 

4.6.1. Participants 
In contrast to Study 1a, Study 1b employed a between-subjects 

design. To estimate sample size for Study 1b, we again relied on Tra-
walter and colleagues’ (2012) Study 1. This analysis suggested we 
needed 123 participants to obtain 80% power for an ANCOVA exam-
ining the effects of SES on target pain sensitivity, controlling for self-pain 
sensitivity (described below). We conservatively targeted 200 partici-
pants. In actuality, 197 American participants were recruited from 
Amazon’s Mechanical Turk (MTurk) recruitment platform. Participants 
included 62 men and 69 women, were primarily White (155 White, 15 
Asian, 13 Black, 6 Latinx, 5 bi- or multi-racial, 2 American Indian or 
Alaska Native, and 1 participant selected “other” but chose not to pro-
vide further detail), and ranged in age from 19 to 70 (Mage = 36.38; 
SDage = 10.83). No participants were excluded from analyses. 

A sensitivity analysis was conducted in G*Power (Faul, Erdfelder, 
Buchner, & Lang, 2009) specifying an ANCOVA with one covariate and 
an alpha significance criterion of α = 0.05. This analysis indicated this 
sample size is sufficient to detect a small-to-medium effect (f = 0.20; 
Cohen’s d = 0.40) or larger of target SES on pain sensitivity with 80% 
power. 

4.6.2. Procedure 
After informed consent, participants first completed the self-report 

measure of their own pain sensitivity described in Study 1a (Trawalter 
et al., 2012). Participant responses to each item were averaged to create 
a composite self-pain sensitivity score (M = 2.41; SD = 0.46; α = 0.89), 
with higher values indicating greater sensitivity to pain. Following 
completion of the self-pain sensitivity scale, participants were asked to 
read about and imagine an individual, and then rate the individual’s 
pain sensitivity. Participants were randomly assigned to read about and 
imagine either a low- or high-SES target (vignette adopted from Wil-
liams, Sng, & Neuberg, 2016). These target descriptions manipulated 
various aspects of SES including income, resources, and opportunities 
but without mention of current employment (i.e., “Imagine a 24 year old 
white male who has lived since birth in a [poor/wealthy], economically 
[underdeveloped/developed] community where money and jobs are 
[scarce/plentiful] and [unpredictable/predictable], and opportunities 
are [limited/plentiful].”) Participants rated the imagined individual’s 
pain sensitivity using the same 18-item scale described above (M = 2.41; 
SD = 0.59; α = 0.94). 

Participants then reported their own SES. Previous research indicates 
SES can be operationalized via objective (e.g., income) and subjective (e. 
g., subjective SES ladder; Adler et al., 1994) measures. To capture both 

objective and subjective SES, we assessed income and subjective SES. 
Income was assessed by asking “Which category best described your 
yearly household income before taxes?” Participants selected from eight 
possible response options (i.e., 1 = less than $15,000, 2 = $15,000– 
$30,000, 3 = $30,000–$45,000, 4 = $45,000–$60,000, 5 = $60,000– 
$75,000, 6 = $75,000–$100,000, 7 = $100,000–$150,000, 8 = greater 
than $150,000; M = 6.32; SD = 1.97). To measure subjective SES, par-
ticipants were presented with an image of a 10-rung ladder (Adler et al., 
1994). Participants were told to “think of this ladder as representing 
where people stand in the United States. At the top of the ladder are the 
people who are best off – those who have the most money, most edu-
cation, and most respected jobs. At the bottom of the ladder are the 
people who are worst off – who have the least money, least education, 
and least respected jobs or no jobs.” Participants were asked to place 
themselves on the ladder (i.e., selecting a value 1 through 10) based on 
where they stood relative to all other people in the United States (M =
6.88; SD = 1.59). The objective and subjective SES (r(195) = 0.55, p <
.001) measures were first standardized and then combined to create a 
composite measure of participant-SES (M = 0.00; SD = 0.87). Finally, 
participants completed a short demographics questionnaire identifying 
age, race, and gender. 

4.7. Results and discussion 

4.7.1. Pain sensitivity 
To examine the effect of target SES on judgments of pain sensitivity, 

we conducted an ANCOVA on ratings of target pain sensitivity, with 
target SES entered as a fixed factor and self-pain sensitivity as a covar-
iate. Participants’ self-ratings of pain were included as a covariate 
because Study 1b employs a between-subjects design and because pre-
vious research indicates that self-ratings of pain sensitivity are strongly 
related to ratings of others’ pain sensitivity (Trawalter et al., 2012).7 

This analysis indicated a significant effect of SES condition on target 
pain sensitivity ratings, F(1, 194) = 66.76, p < .001, η2

p = 0.26. Par-
ticipants assigned to the low-SES condition (M = 2.17, SD = 0.53) 
evaluated the target as less sensitive to pain than participants assigned to 
the high-SES condition (M = 2.64, SD = 0.55); see Fig. 1 – Study 1b. 

4.7.2. Moderation by participant SES 
We next examined whether participant SES moderated effects of 

target SES on perceptions of pain sensitivity. We regressed target pain 
sensitivity on target SES (− 0.5 = low-SES, 0.5 = high-SES), participant 
SES, and their interaction term, controlling for self-pain sensitivity. 
Mirroring the analyses above, this analysis yielded significant effects of 
SES condition, b = 0.48, t = 8.30, p < .001, 95% CI [0.37, 0.60], and self- 
pain sensitivity, b = 0.86, t = 12.41, p < .001, 95% CI [0.72, 1.00]. This 
analysis revealed neither a significant main effect of participant SES, b =
− 0.05, t = − 1.47, p = .143, 95% CI [− 0.12, 0.02] nor an interactive 
effect of participant SES and target SES on target pain sensitivity b =
− 0.05, t = 1.50, p = .136, 95% CI [− 0.12, 0.02]. Thus, low- and high- 
SES participants alike seem susceptible to these SES-based biases in 
pain perception. 

Study 1b serves as an additional demonstration that target SES can 
affect perceptions of pain sensitivity. Here, we used an alternate 
manipulation of SES focusing on targets’ environment and access to 
resources (e.g., financial, educational), demonstrating that the effect 
emerges with different operationalizations of SES while also addressing 
potential confounds between job types and physicality. Further, this 
manipulation was based only on a verbal description (i.e., sans faces), 
and employed a between-subjects manipulation rather than a within- 
subjects manipulation, suggesting the previous effects cannot easily be 

7 Removing self-pain sensitivity as a covariate (and instead conducting an 
independent samples t-test) did not alter results, t(195) = − 5.99, p < .001, 95% 
CI [− 0.61, − 0.31], d = 0.85. 
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explained by accurate face judgments (Bjornsdottir and Rule, 2017) or 
within-study context effects (Greenwald, 1976). 

Notably, we did not observe a participant SES by target SES inter-
action on target pain sensitivity. Instead, high- and low-SES participants 
alike seem to evaluate low-SES individuals as less sensitive to pain than 
high-SES individuals. In subsequent studies, we continued to collect 
measures of participant SES and self-pain sensitivity, which allowed us 
to examine whether participant SES moderated the effects of SES on pain 
sensitivity (Studies 1b-8) and pain treatment (Studies 6–8). Across 
studies, we consistently observed non-significant interactions between 
target SES and participant SES, suggesting that perceiver SES does not 
qualify the consistently observed main effect of target SES on pain 
related judgments (i.e., pain sensitivity or pain treatment). In the in-
terest of space, these analyses are presented in the supplemental mate-
rials for all subsequent studies. This is a point to which we return in the 
General Discussion. 

4.8. Study 1c 

Thus far, we have demonstrated consistent evidence that low-SES 
individuals are believed to be less sensitive to pain than high-SES in-
dividuals, however, it is unclear whether this is an effect driven by 
perceptions of poverty, perceptions of wealth, or both. Study 1c was 
designed to investigate the nature of this SES-pain sensitivity effect by 
including a middle-SES control. Study 1c replicated Study 1b but 
included a middle-SES control condition. Thus, in this study, partici-
pants judged the pain sensitivity of an individual described as either 
low-, middle-, or high-SES. 

Unlike some social psychological work, health research often ex-
amines SES effects on an SES-continuum (e.g., Joynt et al., 2013; Le 
et al., 2008). Given research finding SES is linearly related to pain 
treatment (Joynt et al., 2013), it is possible that a similar pattern may 
emerge here. That is, we may observe that low-SES individuals will be 
rated as less sensitive to pain than middle-SES individuals, who will be 
rated as less sensitive to pain than high-SES individuals. Still, social 
science research examining class-based stereotypes frequently discusses 
stereotypes as unique to poor individuals (e.g., people addicted to drugs; 
Gorski, 2012) or as unique to rich individuals (e.g., selfish; Ragusa, 
2015). Thus, it is possible that class-based stereotypes about pain 
sensitivity are driven primarily by perceptions of poor individuals 
relative to all other individuals or by perceptions of rich individuals 
relative to all other individuals. We hypothesized that low-SES in-
dividuals would be rated as less sensitive to pain than high-SES in-
dividuals, however, we made no a priori predictions as to whether 
perceptions of middle-SES targets’ pain would differ significantly from 
perceptions of low-SES targets’ and/or high-SES targets’ pain. 

4.9. Method 

4.9.1. Participants 
To estimate sample size for Study 1c, we again relied on Trawalter 

and colleagues’ (2012) Study 1. This analysis suggested we needed 152 
participants to obtain 80% power for an ANCOVA examining the effects 
of SES on target pain sensitivity, controlling for self-pain sensitivity 
(described below). We conservatively targeted 200 participants. In ac-
tuality, 204 American participants were recruited from CloudResearch 
(an MTurk based recruitment platform; Litman, Robinson, & Abberbock, 
2017). Participants included 116 men and 88 women, were primarily 
White (149 White, 26 Asian, 20 Black, 6 Latinx, 2 American Indian or 
Alaska Native, and 2 bi- or multi-racial,), and ranged in age from 19 to 
78 (Mage = 37.70; SDage = 10.90). No participants were excluded from 
analyses. 

A sensitivity analysis was conducted in G*Power (Faul, Erdfelder, 
Buchner, & Lang, 2009) specifying an ANCOVA with one covariate and 
an alpha significance criterion of α = 0.05. This analysis indicated this 
sample size is sufficient to detect a small-to-medium effect (f = 0.22; 

Cohen’s d = 0.44) or larger of target SES on pain sensitivity with 80% 
power. 

4.9.2. Procedure 
After informed consent, participants were asked to read about and 

imagine an individual, and then rate the individual’s pain sensitivity. 
Participants were randomly assigned to read about and imagine a low- 
SES, middle-SES (control), or high-SES target (vignette adopted from 
Williams et al., 2016). These target descriptions, similarly to Study 1b, 
manipulated various aspects of SES including income, resources, and 
opportunities but without mention of current employment (i.e., “Ima-
gine a 24 year old white male who has lived since birth in a [poor/or-
dinary/wealthy], economically [underdeveloped/middling/developed] 
community where money and jobs are [scarce and unpredictable/ 
somewhat available and predictable/plentiful and predictable], and 
opportunities [are limited/exist/are plentiful].”) Participants rated the 
imagined individual’s pain sensitivity using the same 18-item scale 
described above (M = 2.36; SD = 0.48; α = 0.92). Participants then 
completed the self-report measure of their own pain sensitivity 
described in Study 1a. Participant responses to each item were averaged 
to create a composite self-pain sensitivity score (M = 2.28; SD = 0.47; α 
= 0.92), with higher values indicating greater sensitivity to pain. 
Following completion of the self-pain sensitivity scale, participants 
completed a measure of their own objective SES (M = 4.43; SD = 1.95) 
and subjective SES (M = 4.95; SD = 1.70). The objective and subjective 
SES (r(204) = 0.59, p < .001) measures were first standardized and then 
combined to create a composite measure of participant-SES (M = 0.00; 
SD = 0.89). Finally, participants completed a short demographics 
questionnaire identifying age, race, and gender. 

4.10. Results 

To examine the effect of target SES on judgments of pain sensitivity, 
we conducted an ANCOVA on ratings of target pain sensitivity, with 
target SES entered as a fixed factor and self-pain sensitivity as a covar-
iate.8 This analysis indicated a significant effect of SES condition on 
target pain sensitivity ratings, F (2,200) = 12.65, p < .001, η2

p = 0.11. 
Pairwise comparisons revealed that the low-SES target (M = 2.16, SD =
0.46) was evaluated as less sensitive to pain than the middle-SES target 
(M = 2.36, SD = 0.46), p = .012, who was evaluated as less sensitive to 
pain than the high-SES target (M = 2.55, SD = 0.44), p = .015; see Fig. 1 
– Study 1c. 

4.11. Discussion 

Replicating Studies 1a and 1b, low-SES targets were evaluated as 
feeling less pain than high-SES targets. Unique to the current study, low- 
SES targets were evaluated as feeling significantly less pain than middle- 
SES targets, who were evaluated as feeling significantly less pain than 
high-SES targets. Although we treat target SES as a categorical rather 
than continuous variable in the current work, this study provides indi-
rect evidence for a linear relationship between targets’ SES and per-
ceptions of their pain sensitivity. That is, as target SES increases from 
low- to high-SES so too do perceptions of targets’ pain sensitivity. 

Across Studies 1a-1c, we observe a consistent effect of target SES on 
perceptions of pain sensitivity. We demonstrate this effect across 
different manipulations of SES involving multiple dimensions on which 
SES varies (i.e., occupation, access to resources). Furthermore, we see 
this effect occurs both on a within- and between-subjects basis, both 
with and without other cues (e.g., faces) that have been shown to affect 
SES judgments (Bjornsdottir & Rule, 2017). Furthermore, this SES-to- 

8 Removing self-pain sensitivity as a covariate (and instead conducting a 
between subjects one-way ANOVA) did not alter results, t(195) = 12.70, p <
.001, η2

p = 0.11. 
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pain relationship does not appear to be unique to people on the extremes 
of the SES continuum (e.g., those living in poverty or affluence), but 
rather may constitute a broader relationship between SES and pain 
sensitivity. Put another way, this does not appear to be an effect driven 
solely by perceptions of poverty; instead this effect may map onto a more 
general belief about how social class influences pain sensitivity. 

Although we see a robust and consistent effect of target SES on 
perceptions of pain sensitivity across manipulations, these preliminary 
studies were all conducted with White male targets. Thus, the next 
section aims to investigate whether this SES-pain perception link gen-
eralizes across target group statuses (i.e., Black individuals and women). 

5. Section II: exploring generalizability across targets 

Studies 1a-1c were designed as preliminary investigations of the SES- 
pain perception link. Although these studies varied widely in their 
operationalization of SES, they focused exclusively on college-aged, 
White male targets. This methodological choice was intentional. First, 
perceivers in the U.S. often treat White male targets as a “default” 
category (a problematic bias in itself; Stroessner, 1996), providing a 
preliminary testing ground for the hypothesis that would be uncon-
founded with other biases in pain judgment (e.g., race biases, see 
Hoffman & Trawalter, 2016; gender biases, see Hoffmann & Tarzian, 
2001; Schäfer, Prkachin, Kaseweter, & de C Williams, A. C., 2016). 
Second, past research reliably indicates that race and gender can influ-
ence judgments of target pain sensitivity (Hoffman, Trawalter, Axt, & 
Oliver, 2016; Hoffmann & Tarzian, 2001; Wandner, Scipio, Hirsh, 
Torres, & Robinson, 2012), making it important to hold these variables 
constant in initial tests. However, it is important to understand whether 
the current effects of SES on pain sensitivity judgments generalize across 
race or gender. To this end, Studies 2 and 3 were designed to explore 
whether analogous SES-based biases in pain judgment occurred across 
variations in target race (Study 2) and target sex (Study 3). 

5.1. Study 2 

Study 2 focused on whether the SES-pain link generalized across 
target race. Regarding race, it is reasonable to question whether the 
effects of SES on pain sensitivity described above are empirically distinct 
from research indicating that Americans believe Black individuals are 
less sensitive to pain than White individuals (Hoffman & Trawalter, 
2016; Trawalter et al., 2012). Race and socioeconomic status are 
correlated in the United States. For example, whereas, 9% of White 
Americans fall below the poverty line, 22% of Black Americans fall 
below the poverty line (Kaiser Family Foundation, 2018). Thus, per-
ceivers’ conceptualizations of Black and low-SES individuals may 
overlap. For example, Kunstman, Plant, and Deska (2016; Study 1) 
presented images of low- (e.g., janitors) and high-SES (e.g., doctors) 
Black and White targets. Low-SES occupations inhibited race- 
categorization of White targets but facilitated categorization of Black 
targets. Further, Black individuals, like low-SES individuals, are both 
dehumanized (Deska et al., 2018; Goff et al., 2008; Kteily, Bruneau, 
Waytz, & Cotterill, 2015), and are judged as having had high amounts of 
life hardship (Hoffman & Trawalter, 2016), both of which are possible 
mechanisms underlying the SES-to-pain perception link. Moreover, 
previous work has directly linked perceptions of life hardship and race- 
based biases in pain sensitivity (Hoffman & Trawalter, 2016). Thus, it is 
possible that, when manipulating target race and SES simultaneously, 
SES will no longer influence pain sensitivity judgments. 

However, it is also possible that our SES effect may subsume any race 
effects. Indeed, recent research indicates that targets’ life history (e.g., 
low-SES vs. high-SES) can override racial stereotypes (see Williams 
et al., 2016). Specific to pain sensitivity, Trawalter et al. (2012) 
demonstrated that manipulations of social status can override race 
biases in pain perception. However, it is worth noting that in Trawalter 
and colleagues’ study, social status was manipulated via role in an 

imagined company. Participants imagined they worked at the same 
company as a gender-matched Black or White pictured individual and 
that the pictured individual was either their subordinate, equal, or their 
manager. Participants then rated how much pain the pictured target 
would feel if they accidentally stapled their hand. Trawalter et al. (2012) 
found that higher status targets in the company were judged as feeling 
more pain than both lower status targets and equal status targets, which 
did not differ from one another. They also found that this effect was not 
moderated by target race. Although Trawalter et al. (2012) do find that 
company status subsumes race effects, this manipulation of status does 
not directly map on to socioeconomic status. 

Both accounts suggest that race and socio-economic status may 
provide redundant information. However, it is also possible that race 
and SES have distinct and separable effects on pain perception. Kawachi, 
Daniels, and Robinson (2005) articulate a strong argument for consid-
ering race and SES as distinct influences in the domain of health dis-
parities. They explicitly reject conceptualizations of race as a proxy for 
social class and stress the unique contributions of SES and race on the 
way that individuals are treated. Given the possibility that the observed 
disparity in pain treatment may be a product of a psychological bias (i.e., 
an SES-based stereotype), an equally plausible outcome is that there are 
distinct and unique effects of race and SES in pain judgments. 

To investigate the effects of target race and SES on pain perception, 
in Study 2, participants completed the pain rating task just as in Study 
1a. However, we manipulated within-subjects both the race and the SES 
of targets. Because a convincing case could be made for multiple out-
comes, we did not favor one hypothesis a priori and thus treated this as 
an exploratory first step. 

5.2. Method 

5.2.1. Participants 
Participants were 128 Americans recruited from MTurk. Participants 

included 88 men and 40 women, were primarily White (86 White, 24 
Black, 9 Asian, 6 Latinx, 1 American Indian or Alaska Native, 1 bi- or 
multi-racial, 1 Native Hawaiian or Pacific Islander), and ranged in age 
from 20 to 70 (Mage = 33.64; SDage = 9.96). No participants were 
excluded from analyses.9 A sensitivity analysis indicated this sample size 
could detect a small effect (Cohen’s d = 0.25) or greater of target SES on 
pain sensitivity with 80% power. 

5.2.2. Procedure 
Participants first completed the pain rating task described in Study 

1a, (M = 2.37, SD = 0.46, α = 0.96). However, instead of rating 20 White 
male targets (10 low-SES and 10 high-SES) participants rated 10 White 
male (5 low; 5 high) and 10 Black male (5 low; 5 high) targets. Black 
targets were selected from the Chicago Face Database (Ma et al., 2015), 
and were matched in attractiveness to White targets. Targets were pre-
sented in a randomly determined order. All other aspects of the rating 
task were identical to Study 1a. 

Following the rating task, participants completed the self-pain 
sensitivity measure (M = 2.41; SD = 0.50; α = 0.89), as well as the 
objective (M = 3.97; SD = 1.75) and subjective (M = 5.60; SD = 1.94) 
measures of SES. The objective and subjective SES (r(126) = 0.42, p <
.001) measures were standardized and then combined to create a com-
posite measure of participant-SES (M = − 0.00; SD = 0.84). Finally, 
participants completed a short demographics questionnaire identifying 
age, race, and gender. 

9 Because the current work involves manipulation of target race, we exam-
ined whether excluding non-White participants impacted analyses. Results 
indicate that exclusion of non-White perceivers does not influence the reported 
effects. Main effects of target SES (p < .001) and target race (p < .001) 
remained significant while the interaction between target SES and target race 
(p = .786) remained non-significant. 
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5.3. Results 

To examine whether target SES, target race, or their interaction influ-
enced pain sensitivity ratings, we conducted a 2 (target SES: low vs. high) x 
2 (target race: Black vs. White) repeated measures ANOVA on pain sensi-
tivity ratings. This analysis yielded a main effect of target SES, F(1,127) =
13.52, p < .001, η2

p = 0.10, such that low-SES targets were rated as less 
sensitive to pain (M =2.34; SD =0.48) than high-SES targets (M =2.41; SD 
=0.45); see Fig. 1 – Study 2. This analysis also yielded a main effect of target 
race, F(1,127) = 29.91, p < .001, η2

p = 0.19, such that Black targets were 
rated as less sensitive to pain (M =2.34; SD =0.48) than White targets (M =
2.41; SD = 0.44). The interaction between target SES and target race was 
not significant, F(1,127) = 0.48, p = .491, η2

p = 0.004. 

5.4. Discussion 

Replicating Studies 1a-1c, low-SES targets were evaluated as feeling 
less pain than high-SES targets. Thus, the effects documented in earlier 
studies appear to generalize across Black and White male targets. Further, 
we also observed a main effect of target race on ascriptions of pain sensi-
tivity. This finding conceptually replicates previous research indicating 
that Black targets are evaluated as less sensitive to pain than White targets 
(Hoffman et al., 2016; Trawalter et al., 2012). However, race and SES did 
not have an interactive effect on participants’ judgments of pain sensitivity. 
The pattern of results instead suggests an additive effect of target race and 
target SES on pain sensitivity. Importantly, however, the current study was 
powered to find a main effect of SES, and thus, we suggest caution in 
interpreting the lack of an interactive effect in this study. To this point, a 
sensitivity analysis revealed that our sample could detect a small interac-
tive effect (f = 0.12, d = 0.24, η2

p = 0.01) or greater. Notably, the observed 
interactive effect (η2

p = 0.004) was smaller than what our sample was 
powered to detect (η2

p = 0.01). 
Of future interest is when representations of target race and target 

SES overlap (e.g., Kunstman et al., 2016) versus create distinct re-
sponses, as in the present work. Regardless, these findings also indicate 
that at least in some person perception contexts, SES cues do not over-
ride race cues (or vice versa; cf. Williams et al., 2016) and instead can 
provide a unique stream of information in person judgments. 

5.5. Study 3 

In Study 3, we investigated whether the effects of target SES on pain 
perception occurred equivalently across male and female targets. 
Whereas men are often characterized as tough and strong, women are 
stereotyped as relatively weak and delicate (Ashmore, Del Boca, & 
Bilder, 1995), suggesting women may be rated as more sensitive to pain. 
Consistent with this perspective, perceivers tend to evaluate women as 
more sensitive to pain than men (Robinson & Wise, 2003; Wandner 
et al., 2012). Moreover, research suggests there is some truth in these 
assumptions about pain tolerance; women often exhibit or report greater 
sensitivity to painful stimuli than do men (for review see Wiesenfeld- 
Hallin, 2005). This difference in pain sensitivity appears mediated by 
psychosocial factors, such as rumination (Meints, Stout, Abplanalp, & 
Hirsh, 2017) and social roles (Robinson et al., 2001), but also biological 
factors (Fillingim, 2017; Wiesenfeld-Hallin, 2005) such as hormones 
(Aloisi & Bonifazi, 2006; Vamvakopoulos & Chrousos, 1993). Regardless 
of its source, if people see women as more sensitive to pain, it is possible 
that SES effects on pain perception could be less robust in women as 
compared to men. More broadly, women are often stereotyped as having 
more acute experiential capacities. For example, women are often ste-
reotyped as experiencing many emotional states more often or more 
intensely than are men (e.g., Barrett & Bliss-Moreau, 2009; Plant, Hyde, 
Keltner, & Devine, 2000). Thus, stereotypes about women’s specific 
sensitivity to pain or about women’s experiential states more broadly 
may lead women to seem vulnerable to pain, across SES. 

In Study 3, we included White male and White female targets to 

examine the effects of target sex and SES on pain sensitivity. We utilized 
vignettes from Study 1b because we did not want gender stereotypes 
about occupations to influence the believability of the SES manipula-
tion. Thus, we employed a fully between-subjects design manipulating 
sex and SES information. 

5.6. Method 

5.6.1. Participants 
To estimate sample size for Study 3, we again relied on Trawalter and 

colleagues’ (2012) Study 1. This analysis suggested we needed 123 
participants to obtain 80% power for a 2 (target SES: low vs. high) x 2 
(target sex: female vs. male) between subjects ANCOVA on target pain 
sensitivity, controlling for self-pain sensitivity. We conservatively 
doubled this estimate and targeted 246 participants. Participants were 
248 Americans recruited from MTurk. Participants included 133 men, 
114 women, and one participant who did not identify as binary or chose 
not to disclose. Participants were primarily White (180 White, 32 Black, 
16 Asian, 16 Latinx, 3 bi- or multi-racial, and 1 participant chose to not 
disclose), and ranged in age from 20 to 73 (Mage = 35.63; SDage = 11.11). 
No participants were excluded from analyses. A sensitivity analysis 
indicated this sample size could detect a small-to-medium effect (f =
0.18; Cohen’s d = 0.36) or greater of target SES on pain sensitivity with 
one covariate at 80% power. 

5.6.2. Procedure 
Participants first completed the self-report measure of their own pain 

sensitivity (Trawalter et al., 2012; M = 2.41; SD = 0.46; α = 0.89). Par-
ticipants then read about an individual described as a low-SES White fe-
male, low-SES White male, high-SES White female, or high-SES White 
male. We used the same descriptions as Study 1b but varied sex and SES as 
opposed to just SES (i.e., “Imagine a 24 year old white [female/male] who 
has lived since birth in a [poor/wealthy], economically [underdeveloped/ 
developed] community where money and jobs are [scarce/plentiful] and 
[unpredictable/predictable], and opportunities are [limited/plentiful].”). 
Participants then rated the imagined individual’s pain sensitivity using the 
same 18-item scale described above (M = 2.51; SD = 0.58; α = 0.94). 

Participants then completed the objective (M = 3.96; SD = 1.88) and 
subjective measures (M = 5.19; SD = 1.82) of SES. The objective and 
subjective SES (r(246) = 0.55, p < .001) measures were standardized 
and combined to create the composite measure of participant-SES (M =
0.00; SD = 0.87). Finally, participants completed a short demographics 
questionnaire identifying age, race, and gender. 

5.7. Results 

To examine the effects of target SES and target sex on pain sensitivity 
we conducted a 2 (target SES: low vs. high) x 2 (target sex: female vs. 
male) between-subjects ANCOVA on target pain sensitivity, with self- 
pain sensitivity as a covariate. This analysis indicated a significant 
main effect of SES condition on target pain sensitivity, F (1, 243) =
55.03, p < .001, η2

p = 0.19. Participants evaluated the low-SES target as 
less sensitive to pain (M = 2.31, SD = 0.56) than the high-SES target (M 
= 2.70, SD = 0.54); see Fig. 1 – Study 3. There was also a significant 
main effect of target sex, F (1, 243) = 10.47, p < .001, η2

p = 0.04. 
Consistent with previous research, participants evaluated the male 
target as less sensitive to pain (M = 2.41, SD = 0.56) than the female 
target (M = 2.60, SD = 0.59). However, there was no significant inter-
action between target SES and target sex on target pain sensitivity, F (1, 
243) = 1.22, p = .270, η2

p = 0.01.10 Self-pain ratings again predicted 

10 Removing self-pain as a covariate did not alter the main effects of target SES 
or target sex. The interaction between target SES and target sex approached 
significance but remains non-significant at α = 0.05, F (1, 243) = 3.15, p =
.077, η2

p = 0.01. 
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pain ratings, F (1, 243) = 145.20, p < .001, η2
p = 0.37, such that as 

participants’ self-reported pain sensitivity increased so too did their 
ratings of the target’s pain sensitivity.11 

5.8. Discussion 

Study 3 provided additional evidence that perceivers attribute less 
pain sensitivity to low- as compared to high-SES individuals. Study 3 
also replicated previous work, indicating that perceivers evaluate female 
targets as more sensitive to pain than male targets (Robinson & Wise, 
2003). However, target sex did not interact with target SES, indicating 
that SES impacts pain perception of both male and female targets. Here, 
we did not observe an interactive effect of social categories, but instead 
observed separate effects of SES and sex. Again, the current study was 
powered to find a main effect of SES, and thus we advise caution in 
interpreting the lack of an interaction. A sensitivity analysis revealed 
that the current study was powered to detect small-to-medium effects 
(η2

p = 0.03) or larger, and thus we were not powered to detect the 
observed interactive effect (η2

p = 0.01). 
The lack of interactive effects in Studies 2 and 3 may seem surprising 

given that past work has suggested that different social categories are 
represented in overlapping ways (e.g., race and gender; Galinsky, Hall & 
Cuddy, 2013; Johnson, Freeman, & Pauker, 2012), and the fact that 
many representations of the poor are often racialized or gendered (see 
Lott, 2002). The current studies serve as exploratory first steps toward 
understanding the pervasiveness of SES based effects, preliminarily 
suggesting that they appear across race and gender. However, important 
work still remains to understand both cultural stereotypes at the inter-
section of race and gender. Further, our studies are not able to capture 
the unique experiences of individuals holding multiple minority identi-
ties. Thus, we refrain from making strong inferences from the lack of 
clear statistical interactions in the present data. 

More broadly, the goals of Studies 2 and 3 were to investigate po-
tential boundary conditions for the SES-to-pain perception link and to 
explore whether the effects generalize across target race and sex. The 
predicted SES effects emerged. Put simply, for the target groups we have 
investigated, participants appear to believe low-SES humans are less 
sensitive to pain than are higher-SES humans. 

6. Section III: testing mechanisms for the SES-to-pain perception 
link 

Although the effect of SES on pain perception appears robust, it begs 
the question of why this stereotype obtains. What is it about SES that 
generates this bias? In formulating our hypothesis, we focused on two 
possible explanations: experiential dehumanization and perceptions of 
hardship. 

First, dehumanization of relatively low-SES individuals may be one 
mechanism underlying the SES-to-pain effect. That is, relatively low-SES 
individuals may be denied fully human status (Harris & Fiske, 2009) and 
therefore seen as experientially insensitive, and thus more inured to pain 
(Deska & Hugenberg, 2018). Although many different dehumanization 
accounts allude to pain insensitivity as a feature of dehumanization (see 
Haslam & Loughnan, 2014), the experience dimension (e.g., capacity for 
wants and emotions) of the mind perception account directly in-
corporates the capacity to experience pain as an item. Thus, at face 
value, the denial of experiential capacities (e.g., capacity to experience 
hunger, pain, desire) appears related to ascriptions of pain sensitivity. 
Here, we focus on the denial of experiential capacities to relatively low- 

SES individuals as a potential mechanism underlying perceptions of pain 
sensitivity. We do not assess the agency dimension of mind perception or 
any other accounts of dehumanization as a potential mechanism, leaving 
open the possibility that other accounts of dehumanization mediate SES- 
to-pain effects. Because previous research suggests low-SES individuals 
are dehumanized on numerous dimensions (see Haslam & Loughnan, 
2014) and because dehumanized people can be seen as less sensitive to 
pain (Deska & Hugenberg, 2018), one possibility is that the denial of 
experiential states to low-SES individuals may mediate the link between 
SES and ascriptions of pain sensitivity. 

Second, lay theories of hardship may play a mediating role for this 
SES-to-pain perception link. Indeed, lay theories of the inoculating ef-
fects of life stressors on subsequent pain sensitivity tend to emphasize 
how stressors generate resilience, toughness, and desensitization (e.g., 
“what doesn’t kill you makes you stronger”). Although these lay theories 
can be accurate for mild or moderate stressors (see Seery, 2011), more 
serious and chronic experiences (often true of low-SES individuals) 
typically produce robust negative psychological outcomes (e.g., Turner, 
Wheaton, & Lloyd, 1995) and impinge on coping capacity (Gallo & 
Matthews, 2003). As noted above, research indicates that financial 
stress, low income, and low subjective status (Chou et al., 2016; Lloyd, 
Paganini, & ten Brinke, 2020) are associated with increased sensitivity to 
painful stimuli. Still, if people believe that more intense hardship pro-
motes greater insensitivity to pain, these false beliefs may underlie 
biases in pain judgments across SES. 

Consistent with this logic, Hoffman and Trawalter (2016) recently 
demonstrated that hardship is a key mediator in racial biases in as-
criptions of pain. Black relative to White targets were rated as having 
experienced greater hardship, and this hardship led to decreased per-
ceptions of pain sensitivity. A similar process could play out for SES. 
Because low-SES individuals experience circumstances indicative of life 
hardship (e.g., access to fewer resources, poorer nutrition, less access to 
care; Adler et al., 1994; Beydoun & Wang, 2008; Newacheck et al., 
2003), and because perceptions of hardship can influence perceptions of 
pain sensitivity (Hoffman & Trawalter, 2016), perceptions of differential 
life hardship across target SES may mediate the link between SES and 
ascriptions of pain sensitivity. 

Studies 4–5 were designed to directly investigate experiential 
dehumanization and perceived life hardship as mediators for the pre-
viously established SES-to-pain perception link. In Study 4, we measure 
both experiential dehumanization and life hardship as mediators of the 
SES-to-pain link, finding support for only life hardship as a mediator. In 
Study 5, we replicate the mediating role of life hardship using a different 
manipulation of SES (Study 5). 

6.1. Study 4 

In Study 4, we investigated both experiential dehumanization and 
perceptions of differential life hardship as potential mediators for the 
SES-based biases in pain perception. Study 4 employed a procedure 
similar to Study 1a, while also measuring experiential dehumanization 
and perceived life hardship of targets, allowing for a test of mediation. 

6.2. Method 

6.2.1. Participants 
As with Study 1a, we aimed to recruit 126 participants for a paired- 

samples t-test. This study was conducted in the laboratory, and our a 
priori stop rule was to collect data to the end of the week in which we 
achieved the target N. Thus, we collected data from 126 undergraduate 
students. Fifteen participants did not finish the study and thus were 
excluded from analyses. Participants included 16 men, 94 women, and 1 
that did not disclose. Participants were primarily White (88 White, 7 bi- 
or multiracial, 6 Asian, 6 Latinx, 2 who preferred to self-describe, 1 
Black, 1 Native Hawaiian/Pacific Islander), and ranging in age from 18 
to 34 (Mage = 19.41; SDage = 2.23). A sensitivity analysis indicated this 

11 Including participant sex as an additional factor did not alter findings re-
ported above. There were also no significant interactions between participant 
sex and target SES or target sex (ps > 0.100). However, there was a significant 
main effect of participant sex, F = 11.49, p < .001, η2

p = 0.05 such that males 
attributed higher pain sensitivity to targets than females. 
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sample could detect a small effect (Cohen’s d = 0.27) or greater of target 
SES on pain sensitivity with 80% power. 

6.2.2. Procedure 
Participants first completed an altered version of the pain rating task 

described in Study 1a. Following presentation of the target image and 
preceding evaluation of target pain sensitivity (M = 1.95; SD = 0.35; α =
0.93) participants evaluated each target’s capacity for experience (Gray 
et al., 2007; Gray, Knobe, Sheskin, Bloom, & Barrett, 2011) and life 
hardship (Trawalter et al., 2012). When assessing capacity for experi-
ence, participants evaluated each target’s capacity to experience 10 
emotions and drives (e.g., hunger, embarrassment) relative to the 
average person. Judgments were made using a 5-point Likert-type scale 
(1-Much less Capable, 5-Much more Capable; Gray et al., 2011). Notably, 
one item from the original scale designed to assess pain was not 
included. These 10 items were averaged to create a composite measure 
of experience with higher values indicating greater capacity for expe-
rience (M = 3.08; SD = 0.20; α = 0.70). 

Participants also evaluated each target’s life hardship via a 4-item 
hardship questionnaire (e.g., “How hard do you think his life has 
been?”; Trawalter et al., 2012). Participants responded to each question 
using a 4-point Likert scale (1-not at all, 4-extremely). The four items (two 
reverse coded) were averaged to create a composite life-hardship score, 
with higher values indicating greater perceived target life hardship (M 
= 2.36; SD = 0.30; α = 0.48).12 The order in which participants viewed 
the capacity for experience and hardship scales was counterbalanced. 
Because we added two additional scales, we decreased the number of 
targets viewed from 20 to 10 (5 low, 5 high) White male targets (see 
Supplementals for exact images used). All other aspects of the rating task 
were identical to Study 1. 

Following the rating task, participants completed the self-pain 
sensitivity measure (M = 2.02; SD = 0.46; α = 0.84), as well as the 
objective (M = 5.65; SD = 2.33) and subjective (M = 6.76; SD = 1.61) 
measures of SES. We also added measures of self-hardship (M = 2.06; SD 
= 0.67, α  = 0.62) and self-experience (M = 3.21; SD = 0.59, α = 0.63). 
Self-hardship assessed participants’ ratings of their own life hardship, 
and self-experience assessed the degree to which participants saw 
themselves as having the capacity for experience relative to the average 
person. Both scales were identical to those used in the target rating task, 
but were reframed to address self-ratings. The objective and subjective 
SES (r(110) = 0.61, p < .001) measures were standardized and then 
combined to create a composite measure of participant SES (M = − 0.00; 
SD = 0.90). Finally, participants completed a demographics question-
naire identifying age, race, and gender. 

6.3. Results 

We conducted a paired-samples t-test comparing pain sensitivity 
ratings for high- and low-SES targets to test whether the SES-pain link 
observed in previous studies would replicate in Study 4. This analysis 

yielded a significant effect, indicating that low-SES targets (M = 1.90; 
SD = 0.38) were rated as feeling less pain than high-SES targets (M =
2.00; SD = 0.35), t(111) = 4.82, p < .001, 95% CI [0.05, 0.13], d = 0.50; 
see Fig. 1 – Study 4. 

We then examined whether perceptions of experience or hardship 
mediated the effect of target SES on ratings of pain sensitivity. First, we 
conducted paired-samples t-tests to examine the effects of target SES on 
ratings of experience and life hardship. As anticipated, low-SES targets 
(M = 2.72; SD = 0.38) were rated as having greater life hardship than 
high-SES targets (M = 2.00; SD = 0.34), t(111) = − 18.03, p < .001, 95% 
CI [− 0.80, − 0.64], d = 1.72. However, low-SES targets (M = 3.04; SD =
0.20) were not evaluated as less capable of experiential states than high- 
SES targets (M = 3.07; SD = 0.25), t(111) = 1.16, p = .247, 95% CI 
[− 0.02, 0.08], d = 0.11. 

To test whether the effect of target SES on pain sensitivity was 
mediated through either perceived experience or hardship, we con-
ducted a within-participants statistical mediation analyses with 10,000 
bootstrapped resamples with both mediators run in parallel (MEMORE 
macro; Montoya & Hayes, 2017). Importantly, the 95% CI for the indi-
rect effect included zero for the experience mediator, b = 0.00, 95% CI 
= [− 0.01, 0.01], but did not include zero for the hardship mediator, b =
0.09, 95% CI = [0.03, 0.16]; see Fig. 2.13 These results suggest that 
perceived hardship, but not experience, mediates the effect of SES on 
pain sensitivity. 

6.4. Discussion 

Study 4 extended our previous findings in multiple ways. First, we 
replicated the results of Studies 1–3 indicating that low-SES targets were 
rated as feeling less pain than high-SES targets. Second, Study 4 suggests 
this occurs, at least in part, because people believe life hardship 
“toughens” low-SES individuals. However, we did not observe any evi-
dence that experiential dehumanization mediated the effect of SES on 
pain perception. This is an important advance; providing support for the 
life hardship hypothesis but not the experiential dehumanization hy-
pothesis. Of course, this does not rule out the possibility that dehu-
manizing others can lead them to seem less capable of pain. We tested 
this possibility by regressing target pain sensitivity on target capacity for 
experience (not controlling for SES). Consistent with past work (Deska & 
Hugenberg, 2018), capacity for experience significantly predicted pain 
sensitivity judgments, b = 0.413, p = .022, 95% CI = [0.61, 0.77]. 
However, when target hardship is included in the model, capacity for 
experience no longer predicts pain sensitivity judgments, b = 0.280, p =
.127, 95% CI = [− 0.08, 0.64]. Thus, experiential dehumanization may 
predict judgments of pain sensitivity, however, the SES-pain link is not 
consistent with an experiential dehumanization account. Furthermore, 
we only tested one dimension (i.e., experiential dehumanization) of one 
model of dehumanization (i.e., mind perception account; Gray et al., 
2011), which leaves open the possibility that another dimension or ac-
count of dehumanization could mediate the SES-pain link. Despite this 
possibility, it is unclear why other non-experiential faculties (e.g., ca-
pacity for agency) would relate to pain sensitivity. 

In a follow up study (N = 156) using the same methodology but 
excluding the measure of dehumanization, we replicated the indirect 
effect of target SES on pain sensitivity judgments through the proposed 
life hardship mediator, b = − 0.14, 95% CI = [− 0.20, − 0.09] (see Sup-
plementals – Auxiliary Study 1 for full study methodology). Thus, we 
focus on the life hardship mediator in subsequent studies. 

12 The alpha for the hardship scale was low in this study. Closer examination 
of the individual items indicated that (even after reverse coding) the two 
reverse coded items (“how privileged do you think he is?”; “how lucky do you 
think he has been?”) did not hang together with the two non-reverse coded 
items (“how hard do you think his life has been?”;“how much adversity do you 
think he has overcome?”). We decided to retain the scale as used in previous 
research for the main analyses. However, we also re-ran all analyses consid-
ering the two sub-components of hardship separately. For ease of discussion, we 
will refer to these subcomponents as privilege reverse scored and adversity. We 
found similar effects of the two sub-components. Low-SES targets were rated 
higher on adversity (t = 9.25, p < .001) and privilege reverse scored (t = 19.40, p 
< .001) than high-SES targets. However, the sub-component adversity signifi-
cantly mediated the effect of SES on perceptions of pain sensitivity, b = − 0.05, 
95% CI = [− 0.09, − 0.02], whereas privilege reverse score did not, b = − 0.05, 
95% CI = [− 0.12, 0.03]. 

13 We find similar results when each mediator was considered in separate 
simple mediation models. For perceived hardship, the 95% CI for the indirect 
effect did not include zero, b = 0.09, 95% CI = [0.03, 0.16]. For perceived 
capacity for experience, the 95% CI for the indirect effect included zero, b =
− 0.00, 95% CI = [− 0.01, 0.01]. 
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6.5. Study 5 

In Study 5, we sought to conceptually replicate the findings of Study 
4 using another manipulation of target SES. Because experiential 
dehumanization did not mediate the effect of SES on pain sensitivity, it 
was not employed in Study 5 or subsequent studies. 

Specifically, in Study 5, we employed the same manipulation of SES 
that we employed in Study 1b, manipulating between subjects whether 
participants imagined a target who has access to plentiful resources 
(high-SES), or limited access to resources (low-SES). In Study 5, we 
measured both perceptions of life hardship as well as perceived pain 
sensitivity of the target. Of interest is whether we replicated the medi-
ational effects using a new manipulation of SES and a between-subjects 
design. 

6.6. Method 

6.6.1. Participants 
Mirroring Study 1b, we targeted 200 participants for a between- 

subjects ANCOVA examining the effects of SES on target pain sensi-
tivity controlling for self-pain sensitivity. This study was conducted in 
the laboratory, and our a priori stop rule was to collect data until we 
achieved the target N or until the end of the academic quarter. At the 
conclusion of the quarter, we collected data from 164 undergraduate 
students. Participants included 53 men and 111 women. Participants 
were primarily White (128 White, 13 Latinx, 12 Asian, 8 bi- or multi- 
racial, 2 Black, and 1 did not disclose), and ranged in age from 18 to 
23 (Mage = 19.20; SDage = 1.20). No participants were excluded from 
analyses. A sensitivity analysis indicated this sample size could detect a 
small-to-medium effect (f = 0.22; Cohen’s d = 0.44) or greater of target 
SES on pain sensitivity with one covariate at 80% power. 

6.6.2. Procedure 
Participants first completed the self-hardship questionnaire (M =

2.07; SD = 0.46; α = 0.42), and self-pain sensitivity measures (M = 2.12; 
SD = 0.40; α = 0.88). Following completion of the self-hardship and self- 
pain sensitivity scales, participants used the same scales to rate the life 
hardship (M = 2.37; SD = 0.99; α = 0.91) and pain sensitivity (M = 2.06; 
SD = 0.57; α = 0.95) of either a low- or high-SES target. Mirroring Study 
1b, SES was manipulated via a short description of a White male target 
who was described as coming from either a background scarce or rich in 
resources (Williams et al., 2016). The descriptions used to manipulate 
SES were identical to those described in Study 1b. 

Participants then completed the objective (M = 5.81; SD = 1.97) and 
subjective (M = 6.85; SD = 1.64) SES measures. The objective and 

subjective SES measures (r(162) = 0.69, p < .001) were again stan-
dardized and averaged to create a composite measure of participant SES 
(M = 0.00; SD = 0.92). Finally, participants completed a short de-
mographics questionnaire identifying age, race, and gender. 

6.7. Results 

Because this study employed a between-subjects design, an ANCOVA 
examining the effect of target SES on target pain sensitivity, controlling 
for self-pain sensitivity14 was conducted. This analysis indicated a sig-
nificant effect of SES condition on target pain sensitivity ratings, F(1, 
161) = 109.46, p < .001, η2

p = 0.41. Participants assigned to the low- 
SES condition (M = 1.74, SD = 0.41) evaluated the target as less sen-
sitive to pain than participants assigned to the high-SES condition (M =
2.39, SD = 0.53; see Fig. 1 – Study 5). Self-pain sensitivity also had a 
significant effect on target pain sensitivity, F(1, 161) = 58.21, p < .001, 
η2

p = 0.27, as participants’ own pain sensitivity increased their ratings 
of the imagined target’s pain sensitivity also increased. 

We next conducted an ANCOVA examining the effect of target SES on 
target hardship, controlling for self-hardship.15 This analysis indicated a 
significant effect of SES condition on target hardship, F(1, 161) =
552.68, p < .001, η2

p = 0.77. Participants assigned to the low-SES 
condition (M = 3.24, SD = 0.50) evaluated the target as having expe-
rienced greater life hardship than participants assigned to the high-SES 
condition (M = 1.51, SD = 0.43). Self-hardship had no significant 
relationship to ratings of target hardship, F(1, 161) < 0.01, p = .963, η2

p 
< 0.01. 

Finally, to test whether the effect of target SES on pain sensitivity was 
mediated by perceived hardship, we conducted a mediation analysis 
with 10,000 bootstrapped resamples (PROCESS macro; Hayes, 2017)16 

including participants’ self-pain sensitivity and self-hardship as 

Fig. 2. Parallel mediation model depicting the effect of target SES (high-SES-low-SES) on perceived pain sensitivity (higher values = greater pain sensitivity) as 
mediated by perceived capacity for experience (higher numbers = greater capacity for experience; top path) and hardship (higher numbers = greater life hardship; 
bottom path) controlling for participants’ self-pain sensitivity, self-hardship, self-dehumanization. 

14 Removing self-pain sensitivity as a covariate and conducting an indepen-
dent samples t-test did not alter the effect of target SES on target pain sensi-
tivity, t(162) = − 8.90, p < .001, 95% CI [− 0.80, − 0.51], d = − 1.39.  
15 Removing self-hardship as a covariate and conducting an independent 

samples t-test did not alter the effect of target SES on target hardship, t(162) =
23.59, p < .001, 95% CI [1.58, 1.87], d = 3.68.  
16 Switching to a between subjects mediation analysis reverses the sign on 

target SES paths because SES is dummy coded rather than as a difference score 
which is used in within-subjects mediation analyses. 
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covariates.17 Results of the mediation analysis are displayed in Fig. 3. 
The indirect effect was significant, as indicated by the 95% CI not 
including zero, b = 0.28, 95% CI = [0.05, 0.50]. These results suggest 
perceptions of hardship mediated the effect of target SES on perceptions 
of target pain sensitivity. 

7. Discussion 

Study 5 directly replicated both the SES-based bias in pain judgments 
from Study 1b and conceptually replicated the finding that this is 
mediated, at least in part, by perceptions of low-SES people being 
“toughened up” by life hardship. Importantly, Study 5 employed a 
manipulation of SES that did not rely on occupation information and 
employed a between- rather than within-subjects design. This indicates 
that these results are not unique to specific occupations or specific study 
characteristics, but rather that the broader SES-to-pain perception link 
can be understood as implicating differential perceptions of life hardship 
across SES. 

In Studies 4 and 5, we find consistent evidence for perceptions of life 
hardship mediating SES-to-pain perception effects. This is important in 
that it indicates that the hardship-pain effects in past work (Hoffman & 
Trawalter, 2016) are not unique to race, but rather may constitute a 
domain general set of beliefs about how hardship may be perceived to 
inure people to pain. We return to the implications of this potential 
domain general set of beliefs in the general discussion. 

8. Section IV: downstream consequences 

Finally, Studies 6–8 were designed to investigate how this SES-based 
bias in pain sensitivity judgments influenced subsequent decisions about 
who needs or does not need pain management. As we note in our 
introduction, poorer individuals often receive less effective pain man-
agement than do wealthier individuals. Although access to care is 
certainly part of the equation for this SES-based deficit, one potential 
implication of our SES-to-pain perception link is that there may also be 
perceiver (i.e., medical doctor) biases about who is experiencing acute 
pain, and therefore who needs treatment. 

Studies 6–8 investigate whether this SES-based bias in pain judg-
ments may lead to biases in decisions about treatment. Study 6 dem-
onstrates that laypeople believe lower-SES individuals need less pain 
treatment for the same physical injuries compared to higher-SES in-
dividuals. Furthermore, Study 6 reveals that this SES-to-treatment effect 
is serially mediated by perceived hardship and perceived pain sensi-
tivity. Study 7 conceptually replicates this SES-to-pain treatment bias (as 
mediated by biases in perceived pain sensitivity) with painful conditions 
for which opioids are commonly prescribed. Finally, Study 8 replicates 
this SES-to-treatment bias with medical care providers as participants. 

8.1. Study 6 

In Study 6, we sought to explore the downstream consequences of 
biases in pain perception for pain treatment of low- and high-SES tar-
gets. Although we document biases in ascriptions of pain sensitivity 
across SES, it is yet unclear whether these biases may manifest in 
treatment disparities. Biases in judgments of others’ pain sensitivity may 
have implications for medical treatment disparities, but only to the 
extent that perceptions of pain sensitivity affect treatment decisions. 
Thus, in Study 6, we investigated whether drug treatment recommen-
dations to address painful medical conditions differed across target SES. 

We conducted a pilot study (N = 131) to test this effect of target SES on 
pain treatment recommendations and found that low-SES targets were 
rated as requiring less pain treatment than high-SES targets, t(130) =
5.08, p < .001, 95% CI [0.07, 0.16], d = 0.44 (see Supplementals – 
Auxiliary Study 2 for full study methodology). We argue that this 
treatment recommendation disparity should be mediated through our 
previously established effects of hardship and perceived pain sensitivity. 
Thus, Study 6 was designed to test a serial mediation model whereby the 
direct effect of SES on pain treatment recommendations is mediated 
through the indirect effects of perceived hardship and pain sensitivity. 
To this end, we adapted the procedure from Study 1a, which manipu-
lated target SES via occupation, while also measuring perceptions of 
targets’ hardship, pain sensitivity, and recommended pain treatment. 
Participants made pain treatment recommendations for low- and high- 
SES targets following various injuries. Participants rated each targets’ 
injury (e.g., a person with a dislocated shoulder) on how much pain 
treatment they should receive, based on the World Health Organiza-
tion’s Pain Relief Ladder (2017), a scale ranging from no drug treatment 
through strong opioid drug treatment (e.g., morphine). We hypothesized 
that low-SES targets would be perceived as requiring less pain treatment 
than high-SES targets, and that this treatment effect would be serially 
mediated by perceptions of life hardship and pain sensitivity. 

8.2. Method 

8.2.1. Participants 
Mirroring the Study 1a power analysis, we targeted 126 participants 

for a paired-samples t-test. We collected data from 151 American par-
ticipants via MTurk. Participants included 64 men, 85 women, 1 
participant that indicated they did not wish to disclose, and 1 participant 
who chose not to respond. Participants were primarily White (117 
White, 17 Black, 7 Asian, 4 bi- or multi-racial, 2 Latinx, 2 American 
Indian/Alaska Native, 1 selected that they did not wish to disclose, and 1 
chose not to respond to the question), and ranged in age from 21 to 80 
(Mage = 39.96; SDage = 13.74). No participants were excluded from an-
alyses. A sensitivity analysis indicated that this sample was sufficient to 
detect a small effect (Cohen’s d = 0.23) or greater of target SES on pain 
sensitivity with 80% power. 

8.2.2. Procedure 
Participants completed the target hardship (M = 2.50; SD = 0.23; α 

= 0.23),18 then the target pain sensitivity (M = 2.06; SD = 0.36; α =
0.93) measures. Participants then estimated on a 4-point scale (1 = No 
drug treatment, 2 =Non-opioid drug treatment [e.g., Aspirin], 3 =Weak 
opioid drug treatment [e.g., Codeine], 4 = Strong opioid drug treatment 
[e.g., Morphine]; scale points based on World Health Organization’s 
Pain Relief Ladder, 2017) the level of pain treatment they would require 
to relieve pain caused by seven different injuries (e.g. dislocated 
shoulder). The injuries themselves were adapted from Trawalter et al. 
(2012; see Supplementals). Responses to the seven injuries were aver-
aged to create a composite target pain treatment score (M = 2.49; SD =
0.44; α = 0.81). 

Because participants completed all three rating tasks for each target, 
we were concerned about the increased task length influencing partic-
ipants’ task engagement. Thus, in Study 6 participants completed ratings 

17 Removing self-hardship as a covariate did not alter the results of the 
mediation analysis, b = 0.28, 95% CI = [0.05, 0.51]. However, removing self- 
pain sensitivity rendered the mediation non-significant, b = 0.28, 95% CI =
[− 0.00, 0.57]. Removing both covariates, similarly, yielded a non-significant 
result, b = 0.28, 95% CI = [− 0.02, 0.58]. 

18 The alpha for the hardship scale was low in this study. Again, the privilege 
reverse scored items did load onto the same factor as the adversity items. We 
found similar effects of the two sub-components. Low-SES targets were rated 
higher on adversity (t = 11.74, p < .001) and privilege reverse scored (t = 23.41, p 
< .001) than high-SES targets. Both sub-components also significantly mediated 
the effect of SES on perceptions of pain sensitivity: Indirect effect with adversity 
as mediator, significantly, b = − 0.07, 95% CI = [− 0.11, − 0.03], and indirect 
effect with privilege reverse score as mediator, b = − 0.13, 95% CI = [− 0.19, 
− 0.07]. 
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for only five targets paired with low-income jobs and five targets paired 
with high-income jobs (for similar methodology see Study 2). Partici-
pants then completed the self-reported life hardship (M = 2.72; SD =
0.56; α = 0.60), self-pain sensitivity (M = 2.02; SD = 0.44; α = 0.90), 
and self-pain treatment (M = 2.37; SD = 0.62; α = 0.85) scales. 

Participants next completed the objective (M = 3.97; SD = 1.91) and 
subjective (M = 4.91; SD = 1.70) measures of SES. The objective and 
subjective SES measures (r(149) = 0.61, p < .001) were again stan-
dardized and averaged to create a composite measure of participant SES 
(M = 0.00; SD = 0.90). Finally, participants completed a short de-
mographics questionnaire identifying age, race, and gender. 

8.3. Results 

Of preliminary interest was whether the basic results of the previous 
studies would replicate. Thus, we first conducted a series of paired- 
samples t-tests comparing perceptions of hardship, pain sensitivity, 
and pain treatment ratings for low- and high-SES targets. For hardship, 
low-SES targets (M = 2.96; SD = 0.37) were rated as having experienced 
greater hardship than high-SES targets (M = 2.04; SD = 0.36), t(150) =
− 20.14, p < .001, 95% CI [− 1.01, − 0.83], d = − 1.64. For pain sensi-
tivity, low-SES targets (M = 1.99; SD = 0.39) were rated as feeling less 
pain than high-SES targets (M = 2.14; SD = 0.37), t(150) = 7.02, p <
.001, 95% CI [0.11, 0.19], d = 0.57 (see Fig. 1 – Study 6). Finally, for 
pain treatment, low-SES targets (M = 2.40; SD = 0.44) were rated as 
requiring less pain treatment than high-SES targets (M = 2.56; SD =
0.47), t(150) = 6.33, p < .001, 95% CI [0.11, 0.21], d = 0.52 (Fig. 4 – 
Study 6). 

We next tested the predicted serial mediation whereby the observed 
effect of target SES on pain treatment would be serially mediated 
through perceptions of hardship and pain sensitivity. To test this model, 
we used a within-participants statistical serial mediation analysis with 
10,000 bootstrapped resamples (MEMORE macro; Montoya & Hayes, 
2017). Importantly, the indirect effect of the serial mediation was sig-
nificant, as indicated by the 95% CI not including zero, b = − 0.09, 95% 
CI = [− 0.15, − 0.05] (see Fig. 5). Consistent with our hypothesis, 
perceived hardship and perceived pain sensitivity serially mediated the 
effect of target SES on pain treatment judgments. 

8.4. Discussion 

Study 6 demonstrated that the target SES-to-pain perception bias 
observed in the previous studies extends to beliefs about pain treatment. 
That is, perceivers rated low-SES targets as requiring less pain treatment 
than high-SES targets following the same injuries, mirroring the real- 
world pain treatment disparities observed across SES (Institute of 
Medicine, 2011; Joynt et al., 2013). 

Study 6 also investigated the cognitive cascade by which targets’ SES 
can influence treatment decisions. While recognizing the correlational 
nature of mediational designs, the results were consistent with our 

proposed model. Stereotypes of low-SES individuals as insensitive to 
pain result in biased treatment decisions, accounted for at least in part 
by false beliefs about how hardship affects pain sensitivity. This evi-
dence may begin to implicate stereotypes about pain sensitivity in 
treatment disparities across SES. 

Further, concerns about the correlational nature of mediational an-
alyses may be partially ameliorated by a supplemental study in which 
we manipulated the mediator – hardship – and examined the causal 
influence on pain sensitivity (see Supplementals – Auxiliary Study 3 for 
complete methodology and results). Thus, although the data from Study 
6 cannot be understood as a full test of the causal sequence, by having 
independently tested the causal relationships between the mediators in 
previous studies, we increase the likelihood that our causal argument is 
a strong one (see Spencer, Zanna, & Fong, 2005). 

8.5. Study 7 

Up to this point, we have demonstrated consistent evidence that low- 
SES individuals are perceived as feeling less pain and as requiring less 
pain treatment than high-SES individuals. However, Studies 1a-6 have 
relied on the same measure of pain sensitivity (Trawalter et al., 2012) 
consisting of the same 18 injuries, some of which are self-inflicted in-
juries (e.g., they bite their tongue). Although Study 6 introduced a 
measure of pain treatment with unique injuries (Trawalter et al., 2012), 
this measure similarly includes several self-inflicted injuries (e.g., they 
stapled their finger). In Study 7, we seek to investigate whether the SES- 
pain sensitivity effects found in the prior studies generalize to novel 
painful events. Thus, for Study 7, we implemented 14 novel scale items 
for our pain sensitivity and pain treatment measures. The 14 items were 
selected to reflect the most common painful conditions resulting in 
opioid prescriptions upon discharge from the hospital (Rui, Santo, & 
Ashman, 2020). Of interest is whether our effect of target SES on target 
pain judgments extends beyond the injuries used in prior pain research 
(e.g., Hoffman et al., 2016; Trawalter et al., 2012) to a novel set of 
common painful conditions. To this end, we adapted the SES manipu-
lation from Study 1b (i.e., vignettes describing access to resources) and 
asked participants to rate targets’ pain sensitivity and recommended 
pain treatment in response to 14 painful conditions (e.g., kidney stone, 
fractured hand). We hypothesized that low-SES individuals would be 
perceived as requiring less pain treatment than high-SES targets, and 
that this treatment effect would be mediated by perceptions of pain 
sensitivity. 

8.6. Method 

8.6.1. Participants 
Mirroring the Study 1b power analysis, we targeted 200 participants 

for a between-subjects ANCOVA. We collected data from 200 American 
participants via CloudResearch (Litman, Robinson, & Abberbock, 2017). 
Participants included 118 men, 79 women, 2 participants that indicated 

Fig. 3. Mediation model depicting the effect of target SES (0 = low-SES, 1 = high-SES) on perceived pain sensitivity (higher values = greater pain sensitivity) as 
mediated by perceived hardship (higher numbers = greater life hardship) controlling for participants’ self-pain sensitivity and self-hardship. 
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they did not wish to disclose, and 1 participant who identified as non- 
binary. Participants were primarily White (146 White, 21 Asian, 17 
Black, 11 Latinx, 2 bi- or multi-racial, 2 that did not wish to disclose, and 
1 Native Hawaiian/Pacific Islander), and ranged in age from 21 to 70 
(Mage = 38.05; SDage = 12.00). No participants were excluded from an-
alyses. A sensitivity analysis indicated that this sample was sufficient to 
detect a small-to-medium effect (f = 0.20; Cohen’s d = 0.40) or greater 
of target SES on pain sensitivity with 80% power. 

8.6.2. Procedure 
After informed consent, participants first completed a self-report 

measure of their own pain sensitivity and their own expected pain 
treatment. Unique to the current study, we implemented new scale items 
for both the pain sensitivity and pain treatment measures. In these 
measures, participants rated the amount of pain they anticipated feeling 
in 14 different situations on a 4-point scale (1 = not painful to 4 =
extremely painful) and then estimated on a 4-point scale (1 = No drug 
treatment, 2 = Non-opioid drug treatment [e.g., Aspirin], 3 = Weak 
opioid drug treatment [e.g., Codeine], 4 = Strong opioid drug treatment 
[e.g., Morphine]; scale points based on World Health Organization’s 
Pain Relief Ladder, 2017) the level of pain treatment they expected to 
require to relieve pain caused by the 14 injuries. The 14 different situ-
ations were chosen to reflect the top diagnoses associated with a pre-
scribed opioid at discharge (i.e., dental pain, urolithiasis, fracture 
injuries, and back pain; Rui et al., 2020). Thus, this scale consisted of 3 
common dental pain conditions (e.g., wisdom tooth inflammation), 3 
common urolithiasis conditions (e.g., bladder stone), 5 common fracture 
injuries (e.g., fractured rib), and 3 common back pain conditions (e.g., 

herniated/ruptured disc). Participant responses to each of the 14 situ-
ations were averaged to create a composite self-pain sensitivity score (M 
= 3.25; SD = 0.44; α = 0.87) and a composite self-pain treatment score 
(M = 2.76; SD = 0.58; α = 0.92). 

Following completion of the self-pain sensitivity and self-pain 
treatment scales, participants used the same scales to rate the pain 
sensitivity (M = 3.22; SD = 0.50; α = 0.91) and pain treatment (M =
2.90; SD = 0.57; α = 0.92) of either a low- or high-SES target. Mirroring 
Study 1b, SES was manipulated via a short description of a White male 
target who was described as coming from either a background scarce or 
rich in resources (Williams et al., 2016). The descriptions used to 
manipulate SES were identical to those described in Study 1b. 

Participants then completed the objective (M = 4.36; SD = 2.01) and 
subjective (M = 5.04; SD = 1.65) SES measures. The objective and 
subjective SES measures (r(200) = 0.51, p < .001) were again stan-
dardized and averaged to create a composite measure of participant SES 
(M = 0.00; SD = 0.87). Finally, participants completed a short de-
mographics questionnaire identifying age, race, and gender. 

8.7. Results 

Because this study employed a between-subjects design, an ANCOVA 
examining the effect of target SES on target pain sensitivity, controlling 
for self-pain sensitivity19 was conducted. This analyses indicated a 

Fig. 4. Violin plots depicting the distribution of pain treatment judgments across target SES (higher values = more pain treatment allotted). Red dots indicate the 
mean of pain treatment judgments, whereas the black dots indicate jittered individual level data points. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 5. Serial mediation model depicting the effect of target SES (high-SES – low-SES) on treatment recommendations (higher numbers = greater pain treatment) as 
serially mediated by perceived hardship (higher numbers = greater life hardship) and perceived pain sensitivity (higher numbers = greater sensitivity). 

19 Removing self-pain sensitivity as a covariate and conducting an indepen-
dent samples t-test did not alter the effect of target SES on target pain sensi-
tivity, t(198) = 5.16, p < .001, 95% CI [0.21, 0.48], d = 0.73. 
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significant effect of SES condition on target pain sensitivity ratings, F(1, 
197) = 41.66, p < .001, η2

p = 0.18. Participants assigned to the low-SES 
condition (M = 3.04, SD = 0.52) evaluated the target as less sensitive to 
pain than participants assigned to the high-SES condition (M = 3.39, SD 
= 0.42) (see Fig. 1 – Study 7). Self-pain sensitivity also had a significant 
effect on target pain sensitivity, F(1, 197) = 61.86, p < .001, η2

p = 0.24, 
as participants’ own pain sensitivity increased their ratings of the 
imagined target’s pain sensitivity also increased. 

We next conducted an ANCOVA examining the effect of target SES on 
pain treatment recommendations, controlling for self-pain treatment.20 

This analysis indicated a significant effect of SES condition on pain 
treatment recommendations, F(1, 197) = 56.87, p < .001, η2

p = 0.22. 
Participants assigned to the low-SES condition (M = 2.70, SD = 0.58) 
evaluated the target as requiring less pain treatment than participants 
assigned to the high-SES condition (M = 3.10, SD = 0.47) (see Fig. 4 – 
Study 7). Self-pain treatment also had a significant effect on pain 
treatment recommendations, F(1, 197) = 116.55, p < .001, η2

p = 0.37, 
as participants’ self-pain treatment recommendations increased, par-
ticipants recommended greater pain treatment to the imagined target. 

Finally, to test whether the effect of target SES on pain treatment 
recommendations was mediated by perceived pain sensitivity, we con-
ducted a mediation analysis with 10,000 bootstrapped resamples 
(PROCESS macro; Hayes, 2017) including participants’ self-pain treat-
ment and self-pain sensitivity as covariates.21 Results of the mediation 
analysis are displayed in Fig. 6. The indirect effect was significant, as 
indicated by the 95% CI not including zero, b = 0.27, 95% CI = [0.17, 
0.37]. These results suggest perceptions of pain sensitivity mediated the 
effect of target SES on pain treatment recommendations. 

8.8. Discussion 

Study 7 conceptually replicated the SES-to-pain perception bias 
observed in previous studies with a novel set of painful events. Again, we 
found that perceivers believed that low-SES individuals required less 
pain treatment than high-SES individuals, and this effect was mediated 
by perceptions of the target’s pain sensitivity. That is, perceivers rated 
low-SES targets as feeling less pain than high-SES targets and thus as 
requiring less pain treatment to relieve pain. 

Study 7 provides two important advances to the current work. First, 
Study 7 demonstrates that the SES-pain effects in previous studies are 
not unique to the specific 18 injuries embedded in the pain sensitivity 
scale (Trawalter et al., 2012) nor the 7 injuries embedded in the pain 
treatment scale (Trawalter et al., 2012). Second, Study 7 implemented 
painful events that are commonly prescribed opioids upon discharge 
from emergency rooms (Rui et al., 2020); suggesting that this SES-to- 
pain perception effect persists even for more severe painful events (e. 
g., fractured skull). 

8.9. Study 8 

Although the previous studies implicate SES-based biases in pain 
judgment as a potential origin for real-world treatment bias across SES, 
it is ultimately medical providers who make treatment decisions. Thus, 
in Study 8, we recruited medical providers to test whether the observed 
biases in pain sensitivity and treatment extended to judgments rendered 
by medical providers. Specifically, following the procedure of Study 6 

(except omitting the hardship measures to reduce study length), medical 
providers rated a series of lower- and higher-SES targets on how much 
pain each individual would feel for a series of injuries, as well as how 
intensive their pain treatment should be for that injury. Of interest is 1) 
whether medical providers show the SES-to-pain perception bias, 2) 
whether medical providers show the SES-to-pain treatment recommen-
dation bias, and 3) whether this predicted bias in pain perception me-
diates the predicted bias in pain treatment recommendations. 

8.10. Method 

8.10.1. Participants 
We anticipated medical providers would be more difficult to recruit 

than college students or online participants. Thus, to assure the most 
attainable, yet fully powered, participant sample was recruited, we 
conducted a meta-analysis across Study 1a, Study 6, Auxiliary Study 1 
(see Supplementals), and Auxiliary Study 2 (see Supplementals), to es-
timate the weighted average effect size for SES judgment biases in pain 
sensitivity (Goh, Hall, & Rosenthal, 2016). These studies were included 
in the meta-analysis because they were completed before data collection 
on Study 8 began. We observed an average weighted effect size of r =
0.33. We then estimated our sample size using G*Power (V3.1; Faul 
et al., 2007). This analysis suggested we needed 35 participants to obtain 
80% power for an effect of equal size. Thus, we sought to recruit 35 
medical provider participants. Our a priori stop rule was to collect data 
to the end of the week in which we achieved the target N. Thus, 50 self- 
identified medical providers currently residing and working in the 
United States were recruited. One participant was excluded because they 
completed fewer than half of the trials in the pain-rating task, leaving 49 
participants for analyses. Medical providers were obtained via profes-
sional listservs (e.g., Internal Medicine at the Ohio State Medical Center) 
and through a snowball recruitment technique (i.e., participants were 
asked to share the survey with medical provider friends and co-workers). 

Medical providers varied widely in years of experience (range =
1–42, M = 13.04, SD = 12.21) and occupation (17 Medical Residents, 10 
Registered Nurses, 4 Medical Students, 4 Nurses, 4 Optometrists, 2 Nurse 
Practitioners, 2 Physicians, 2 Physician Assistant Students, 1 Chiro-
practor, 1 Dentist, 1 Paramedic, and 1 Radiologic Technologist).22 

Participants included 18 men and 31 women, were primarily White (36 
White, 5 Asian, 5 Latinx, 1 bi- or multi-racial, 2 other), and ranged in age 
from 22 to 60 (Mage = 35.27; SDage = 12.33). A sensitivity analysis 
indicated this sample could detect a medium effect (Cohen’s d = 0.41) or 
greater of target SES on pain sensitivity with 80% power. 

8.10.2. Procedure 
Participants completed the same target pain sensitivity (M = 2.14, 

SD = 0.28, α = 0.88) and target pain treatment (M = 2.46, SD = 0.28, α 
= 0.44) ratings used in Study 6. Because we anticipated difficulty 
recruiting medical providers, we hoped to reduce attrition by removing 
the hardship questionnaire, shortening the study. Participants then 
completed the self-pain sensitivity (M = 2.11; SD = 0.31; α = 0.82), and 
self-pain treatment (M = 2.26; SD = 0.34; α = 0.45) scales described in 
earlier studies. 

Participants then completed the objective (M = 5.61; SD = 1.77) and 
subjective (M = 7.16; SD = 1.51) SES measures. The objective and 
subjective SES measures (r(47) = 0.15, p = .30) were again standardized 
and averaged to create a composite measure of participant SES (M =
0.00; SD = 0.75). Participants also completed a survey assessing medical 
experience to provide a greater understanding of the demographics of 
our medical provider sample (e.g., years of experience, occupation). 

20 Removing self-pain treatment as a covariate and conducting an independent 
samples t-test did not alter the effect of target SES on pain treatment recom-
mendations, t(198) = 5.37, p < .001, 95% CI [0.25, 0.55], d = 0.76.  
21 Removing self-pain sensitivity as a covariate did not alter the results of the 

mediation analysis, b = 0.22, 95% CI = [0.13, 0.32]. Removing self-pain 
treatment also did not alter the results of the mediation, b = 0.27, 95% CI =
[0.18, 0.38]. Removing both covariates, similarly, did not alter the result, b =
0.26, 95% CI = [0.15, 0.37]. 

22 Removing the optometrists (tsensitivity = 2.15, psensitivity = 0.037; ttreatmnet =

2.89, ptreatment = 0.006) or the radiologic technologist (tsensitivity = 2.47, psensi-

tivity = 0.017; ttreatmnet = 2.75, ptreatment = 0.008), occupations less likely to treat 
pain, did not alter the pattern of reported results. 
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Descriptive data are included in the supplemental materials. Finally, 
participants completed a short demographics questionnaire assessing 
age, race, and gender. 

8.11. Results 

Of preliminary interest was whether the basic results of the previous 
studies would replicate with medical professionals. We first conducted 
paired-samples t-tests comparing perceptions of pain sensitivity and 
pain treatment ratings for low- and high-SES targets. For pain sensi-
tivity, low-SES targets (M = 2.11; SD = 0.29) were rated as feeling less 
pain than high-SES targets (M = 2.16; SD = 0.30), t(48) = 2.86, p = .006, 
95% CI [0.02, 0.10], d = 0.41 (see Fig. 1 – Study 8). Similarly, for pain 
treatment, low-SES targets (M = 2.40; SD = 0.44) were rated as 
requiring less pain treatment than high-SES targets (M = 2.56; SD =
0.47), t(48) = 2.56, p = .014, 95% CI [0.01, 0.11], d = 0.36 (see Fig. 4 – 
Study 8). 

Having replicated the previous effects, we next tested whether per-
ceptions of pain sensitivity mediated the relationship between target 
SES and biases in pain treatment. We tested this using a within- 
participants statistical mediation analysis with 10,000 bootstrapped 
resamples (MEMORE macro; Montoya & Hayes, 2017). Results of the 
mediation analysis are displayed in Fig. 7. Importantly, the indirect ef-
fect was significant, as indicated by the 95% CI not including zero, b =
− 0.04, 95% CI = [− 0.09, − 0.01]. These results suggest that, like 
laypeople, medical providers perceive low-SES targets as feeling less 
pain than high-SES targets, which in turn predicts differential pain 
treatment recommendations. 

8.12. Discussion 

Study 8 indicates that medical providers believe low-SES people 

need less pain treatment in part because low-SES people feel less pain, 
relative to high-SES people. Put simply, medical providers have SES- 
pain biases similar to those of laypeople. Because medical providers 
are directly involved in medicinal pain management, this finding 
directly implicates SES-based biases in pain perception as a mechanism 
whereby treatment disparities across SES arise. 

In many ways, Study 8 concludes where our hypotheses began, with 
the relative under treatment of low-SES individuals’ pain. Whereas past 
research has often implicated a lack of access to care (Andrulis, 1998) or 
even blamed low-SES patients themselves (e.g., for failing to follow 
treatment recommendations; for not seeking medical attention sooner; 
Diaz, Stahl, Lovis-McMahon, Kim, & Kwan, 2013; Poleshuck & Green, 
2008), Study 8 implicates the beliefs and held stereotypes of medical 
care providers in differential treatment recommendations across target 
SES. We recognize there are procedural differences between the treat-
ment recommendations made in the present study and the way in which 
medical providers typically make treatment decisions (e.g., lacking 
mundane realism). However, a benefit of the experimental methods 
employed here is that they allow one to make causal inferences about 
how SES-based stereotypes can cause care providers to treat rich and 
poor patients differently. Additionally, the broad distinctions between 
treatment types (e.g., opioid vs. non-opioid pain treatment) map well 
onto the well-established World Health Organization Pain Relief Ladder 
(2017), which is widely used to provide recommendations for stepped 
relief to pain (Blondell, Azadfard, & Wisniewski, 2013). 

Medical care providers are not unique in showing such biases. 
Instead, care providers show stereotypic biases quite analogous to those 
shown by laypersons (in Studies 6–7). This should not really be a sur-
prise. These align closely with other data suggesting that medical pro-
viders are subject to robust stereotypic biases in their treatment 
decisions (Burgess, van Ryn, Crowley-Matoka, & Malat, 2006; van Ryn 
& Burke, 2000). Further, care providers are products of a culture in 

Fig. 6. Mediation model depicting the effect of target SES (0 = low-SES, 1 = high-SES) on pain treatment (higher numbers = more intensive drug treatment) as 
mediated by perceived pain sensitivity (higher numbers = greater sensitivity to pain) controlling for participants’ self-pain sensitivity and self-hardship. 

Fig. 7. Mediation model depicting the effect of target SES (high-SES – low-SES) on pain treatment (higher numbers = more intensive drug treatment) as mediated by 
perceived pain sensitivity (higher numbers = greater sensitivity to pain) for medical professionals as participants. 
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which stereotypic biases about SES are learned early and enforced often 
by both individuals and institutions (e.g., Lott, 2002). However, there is 
cause for hope here as well. Although cross-study comparisons must be 
made with caution, a comparison of the effect sizes of the SES-based 
biases between laypeople (average sensitivity d = 0.83; treatment d =
0.52) and medical care providers (sensitivity d = 0.41; treatment d =
0.36) hints that care providers may show weaker effects of SES. Whether 
this is due to general medical training focusing perceivers on relevant 
treatments, due to specific interventions in medical schools to reduce 
stereotypic effects (van Ryn et al., 2015; Onyeador et al., 2020), or due 
to an overall tendency for highly educated (e.g., Wodtke, 2014) in-
dividuals to show reduced intergroup biases and negative group ste-
reotypes, is yet unknown. Regardless, future research would benefit 
from a more rigorous investigation of whether the effects sizes and 
sources of biases shown by care providers are equivalent to those of 
laypersons. 

8.13. General discussion 

The current work had four primary goals: 1) to test for the existence 
of a cultural stereotype of low-SES individuals as insensitive to pain, 2) 
to explore the generalizability of this SES-based stereotypes across 
various target group memberships (i.e., race and gender), 3) to test two 
potential mechanisms for this putative bias, and 4) to investigate the 
downstream consequences for SES-based pain treatment disparities. In 
pursuit of these goals, we demonstrated a highly replicable effect of 
targets’ SES on ascriptions of pain sensitivity across multiple manipu-
lations of socio-economic status (see Fig. 1). Perceivers reported that 
low-SES targets feel less pain than their high-SES counterparts, an effect 
that appears consistent across various target characteristics and group 
memberships including race and gender. We also find that beliefs about 
differential life hardship across SES help explain these effects. People 
believe that low-SES targets have been “toughened up” by prior life 
hardship, which helps explain this pain-SES link. Finally, we examined 
consequences of this effect in the domain of medical care. Results 
indicated that perceivers believed low-SES individuals required less pain 
treatment than high-SES individuals (see Fig. 4). Further, differential 
pain treatment recommendations were mediated in serial by perceptions 
of life-hardship and perceptions of pain sensitivity. That is, low-SES 
individuals were believed to have lived a harder life and thus feel less 
pain than high-SES individuals, leading participants to suggest less 
extreme pain treatment for low- compared to high-SES targets. Perhaps 
most importantly, medical providers showed similar biases. In combi-
nation with previous work suggesting that low-SES individuals are more 
sensitive to painful stimuli (Chou et al., 2016; Lloyd et al., 2021), this 
SES based bias in judgments of pain-sensitivity and pain treatment may 
be a particularly harmful error. 

To better understand the nature and size of the observed biases in 
pain sensitivity and treatment, we conducted meta-analyses across 
studies (Goh et al., 2016). First, a meta-analysis examining the fixed 
effects of target SES on judgments of pain-sensitivity (Studies 1a-8, and 
Auxiliary Study 1)23 indicated this effect was significant and robust, Z =
15.79, p < .001, weighted r = 0.41. A similar analysis examining the 
fixed effects of target SES on pain treatment recommendations (Studies 
6–8, and Auxiliary Study 2) was also significant, Z = 4.52, p < .001, 
weighted r = 0.20. 

8.14. Implications 

This work has practical implications for medical treatment. Previous 
research indicates that low-SES individuals receive substandard medical 
treatment (e.g. Van Doorslaer et al., 2006). When medical providers 

misjudge the pain of low-SES patients, their patients are vulnerable to 
unnecessary suffering. The current work highlights a mechanism 
whereby these treatment discrepancies across SES may arise: medical 
providers’ beliefs about the heightened toughness of low-SES people 
influence the way in which they perceive pain and therefore treat pain 
for low-SES patients. Thus, this work provides an understanding of why 
low-SES individuals receive less pain management, as well as a foun-
dation for reshaping medical treatment training to reduce bias-driven 
discrepancies in pain treatment. Indeed, Hoffman and Trawalter 
(2016) found that education can be effective in disrupting these sensi-
tivity beliefs, and therefore may present more attainable interventions 
than those presently suggested to address disparities in pain care (e.g., 
implicit bias). 

However, the judgment biases of medical providers were descrip-
tively smaller than those of laypeople. This could indicate that medical 
training may attenuate, but apparently not eliminate this SES-pain bias. 
Indeed, previous attempts at standardizing medical protocols have failed 
to eliminate social inequalities in treatment (Timmermans, 1998). 
Future work would benefit from understanding more completely how 
and why a medical training regimen may reduce the pain-SES bias (i.e., 
do new medical students show a larger bias than newly graduated 
physicians?) and whether further medical or decision training may 
ameliorate this bias for practicing care providers. 

Beyond direct applications to pain treatment, the current work may 
extend to broader class-based issues in healthcare. For example, beliefs 
that low-income individuals are insensitive to pain could influence 
endorsement of healthcare policies. If poor people are believed to be 
inured to injury and pain, programs that support healthcare for low- 
income individuals (e.g., Medicaid) may seem less necessary. Thus, 
consequences of this bias in pain perception may extend beyond pain 
treatment to fundamental beliefs about healthcare and human suffering 
held by medical providers, laypeople, and politicians. These results are 
particularly concerning given the ongoing opioid crisis in the United 
States, which affects a great variety of demographic groups, even among 
groups not historically associated with opioid abuse (Jones, Logan, 
Gladden, & Bohm, 2015). Notably, the current work examines recom-
mendations for pain treatment, but does not directly examine the ac-
curacy of these recommendations. Thus, it is possible that medical 
providers may over-prescribe opioids to high-SES targets, perpetuating 
the opioid epidemic. Future work would benefit from directly investi-
gating accuracy in pain treatment to better understand whether in-
dividuals of different group statuses are over- or under-prescribed 
opioids. 

This work also provides important theoretical contributions to 
intergroup, pain, and person perception literatures. First, research on 
intergroup relations in social psychology rarely focuses on SES as a 
target category of interest (albeit with notable exceptions; e.g., Darley & 
Gross, 1983) despite numerous calls for focused attention to how social 
class and beliefs about social class can influence basic psychological 
processes (APA Task force on Socioeconomic Status, 2007; Kraus & 
Stephens, 2012; Lott, 2002). The current work provides a robust and 
highly replicable bias that may have implications for how low-SES in-
dividuals are treated interpersonally and by public policy. For example, 
if low-SES individuals are seen as insensitive to pain, this may help to 
explain why people may be unwilling to help low-SES individuals (e.g., 
medical leave in the workplace) or legislate policies that support low- 
SES individuals (e.g., universal healthcare). Furthermore, past work 
seeking to understand SES-based biases often has focused on system 
justification effects of stereotypes (e.g., Cozzarelli et al., 2001) or where 
low-SES individuals fall in the stereotype content model (Fiske et al., 
2002). Here we proposed an origin of stereotypes that falls outside of 
system justification motives or stereotype content. Specifically, we find 
that beliefs about life hardship are a causal component in the creation of 
low-SES stereotypes. 

This research also advances our understanding of current issues in 
the health literature and specifically pain literature. First, research 

23 Consistent with the main analyses reported in each study, covariates were 
included in studies using between-subjects designs. 
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examining SES-based health disparities often focuses on structural (e.g., 
Newacheck et al., 2003) and patient-level influences (e.g., Goldman & 
Smith, 2002; Ward et al., 2004) to explain the vast treatment discrep-
ancies between low- and high-SES individuals (e.g., Joynt et al., 2013). 
Although researchers have examined provider-level bias for treatment 
disparities across race (e.g., Hoffman et al., 2016) and gender (e.g., 
Robinson & Wise, 2003), to our knowledge, provider-level biases have 
been largely ignored when assessing the causes and consequences of 
SES-based health disparities. The current work suggests that even if 
structural and patient-level influences were equal across low- and high- 
SES individuals, low-SES individuals would still be undertreated relative 
to high-SES individuals because they are perceived as less in need of 
treatment. Understanding the provider-level influences that underlie 
SES disparities in healthcare may aid in informing efficacious in-
terventions that target provider stereotypes to ameliorate the large 
discrepancy in medical treatment across SES. Additionally, in-
terventions at the level of providers may be more easily implemented 
than at the level of patients or structures. Indeed, literature suggests 
even short reading or writing exercises that attack a psychological 
process (e.g., in this case, the idea that hardship leads to toughness) can 
have significant and long-lasting benefits (Walton, 2014). Second, past 
work on pain perception has focused on judgments of individuals 
experiencing pain (e.g., Patrick et al., 1986; Richard-Lalonde et al., 
2018), or on race and gender biases in pain judgments (e.g., Lloyd, 
Lloyd, McConnell, & Hugenberg, 2021; Lloyd, Paganini, & ten Brinke, 
2020; Mende-Siedlecki et al., 2019). Here, we extend these bias effects 
to an empirically distinct and understudied group in the pain literature: 
low-SES individuals. Importantly, the current work indicates that race- 
hardship effects in previous work (Hoffman & Trawalter, 2016) are 
not unique to race, but may constitute a domain general set of beliefs 
about how hardship may be perceived to inure organisms to pain. From 
this perspective, it is possible that this is a broader set of perceptions 
about how minds experience the world; perhaps even horses who live in 
the wild are seen as experiencing less pain than horses who are stabled in 
cushy stalls, or perhaps going through a painful rehabilitation from 
surgery is seen to make a stubbed toe less painful. If true, this belief 
could hold more broadly and apply to multiple domains. 

Further, the present research also probes the extent to which there 
are overlapping effects of multiple categories. Indeed, in Studies 2 and 3, 
we independently manipulated the SES and race (Study 2) or the SES 
and gender (Study 3) of targets. In both studies, we find additive rather 
than interactive effects. Although not the central goal of the present 
work, this does stand in contrast with some models that argue race ef-
fects are subsumed by manipulations of SES (Williams et al., 2016). 
Given the extant evidence, we do not doubt that such conflation of SES 
and race can and does occur, however, future research would benefit 
from outlining the boundary conditions of these seemingly disparate 
findings. Analogously, independent effects of target SES and target 
gender were found as well. Although past research has clearly impli-
cated target gender in pain perception, the current work suggests that 
perceivers may separate SES and gender in their pain judgments. We 
emphasize the exploratory nature of these data, and believe the possible 
co-action of multiple categories in pain perception warrants future 
research. 

Further, this work extends existing theory on classism. Previous work 
investigating class-based discrimination has implicated negative atti-
tudes and stereotypes as mechanisms driving discriminatory behavior 
across domains (e.g., education, legal assistance, housing; Lott, 2002). 
Although prejudice and negative stereotype content contribute to class- 
based discrimination (Balsa & McGuire, 2003; Lott, 2002), the current 
work suggests seemingly positive stereotypes about low-SES individuals’ 
toughness and resilience may also promote discrimination. Further, this 
effect does not appear to be an intergroup effect. Instead, we consistently 
observed non-significant interactions between target SES and partici-
pant SES on pain related judgments. That is, both low- and high-SES 
perceivers endorsed the idea that overcoming hardship leads to 

toughness; a belief which bears similarity to pervasive American ideol-
ogies about class such as John Henryism or bootstrapping (e.g., “pull 
oneself up by one’s bootstraps”; Bennett et al., 2004). 

To better understand the nature and size of this cultural stereotype, 
we first conducted a meta-analysis examining the interaction between 
perceiver SES and target SES on pain sensitivity across Studies 1b-8 and 
Auxiliary Study 1 (Rosenthal & DiMatteo, 2001). This meta-analysis 
revealed non-significant interactive effects between perceiver SES and 
target SES on pain sensitivity ratings, Z = − 0.51, p = .610, weighted r =
− 0.01. A similar analysis examining the interactive effect between 
perceiver SES and target SES on pain treatment recommendations 
(Studies 6–8 and Auxiliary Study 2) revealed a non-significant effect, Z 
= − 0.85, p = .395, weighted r = − 0.03. Given that intergroup effects 
tend to occur strongly for dehumanization measures (e.g., Leyens et al., 
2001) but less so for stereotyping effects (e.g., Correll et al., 2002), this is 
consistent with our findings that our effects appear to be driven by a 
toughness stereotype rather than an experiential dehumanization effect. 

In the present work, we focus on consequences for medical treat-
ment, however, consequences of these positively valenced stereotypes of 
“poor as tough” are likely not restricted to the healthcare field. Indeed, 
employers, police, community members, and instructors likely have an 
abundance of information communicating SES (e.g., clothing, facial 
cues, neighborhood, financial aid, etc.) that bring online seemingly 
positive stereotypes about toughness, but with harmful consequences. 
For example, employers may believe that low-SES employees require 
less paid time off to recover from illness relative to high-SES employees. 
Police and security personnel may believe low-SES individuals require 
more brute force in physical altercations. Community members may 
believe homeless individuals are better able to withstand harsh envi-
ronmental conditions. Instructors may believe that poorer students can 
persevere through hardship to a greater extent than their richer coun-
terparts. Thus, although stereotypes of low-SES individuals as tough and 
insensitive to pain may seem more benign than negative stereotype 
content, the consequences are no less alarming. 

9. Limitations and future research 

Despite theoretical contributions and practical implications of this 
research, there are nevertheless limitations. For example, the current 
research relied on information that may not always be readily apparent 
in daily interactions as manipulations of SES (e.g., occupation, living 
situations, income). However, given the reliability of this SES-pain effect 
across multiple manipulations with limited SES information, this effect 
may be even more prevalent or exaggerated in face-to-face interactions 
in which there may be a wealth of perceptual, verbal, and nonverbal 
information communicating SES (e.g., location, clothing, facial cues; 
Bjornsdottir & Rule, 2017; Gillath, Bahns, Ge, & Crandall, 2012). Thus, 
future work may benefit from investigating the different cues of SES and 
whether these limited thin slices of information impact healthcare de-
cisions in a more ecologically valid setting (e.g., face-to-face interactions 
in a doctor’s office). 

Although our Section II studies pursue questions about interlocking 
categories across SES, race, and gender, it is important to note that the 
present work does not allow for us to test for a higher-order interaction 
of SES, gender, and race. Indeed, differential healthcare outcomes for 
poor women of colour have been acknowledged both in personal nar-
ratives (e.g., Roeder, 2019) and in medical literature (e.g., Flanders- 
Stepans, 2000; Levine et al., 2016). Yet, fully interactive studies of race, 
SES, and gender have been relatively sparse in treatment biases (see 
Arber, 2018). Additionally, the current studies are unable to fully cap-
ture the unique experience of individuals holding multiple minoritized 
or stigmatized identities. Thus, it is important to stress that although we 
observed no interactive effects, considering the intersection of multiple 
group identities should continue to be a goal in future research. 

Further, it is important to reiterate that the pain treatment judgments 
made in our Section IV studies are limited in their ecological validity. 
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First, the conceptualization of our pain sensitivity and pain treatment 
measures was narrow (i.e., perceptions of 39 unique painful conditions 
were assessed) and certainly cannot account for all possible pain con-
ditions. We tried to mitigate some concerns by integrating 14 scale items 
that reflect common painful conditions associated with an opioid pre-
scription (see Study 7; Rui et al., 2020), but again this scale does not 
fully encompass the broad range of painful conditions one can experi-
ence. Second, whereas we presented participants with a description of a 
target and a description of various injuries, this may be quite distinct 
from the experience of medical providers, who must make in vivo 
judgments of patients who often present complex sets of symptoms in 
face-to-face encounters. Would the same effects obtain in a real-world 
setting? The present research cannot answer that question. However, 
it is important to note that our effects are consistent with extensive real- 
world data regarding the under-treatment of low-SES individuals, even 
when those low-SES individuals have access to medical care and have 
sufficient insurance (Adler et al., 1994; Le et al., 2008; Newacheck et al., 
2003; Ward et al., 2004). However, future research would benefit from 
investigating whether such SES-based biases occur with presentations of 
real patients presenting complex symptoms, while also including ma-
nipulations of targets’ SES as part of the case presentation. 

Lastly, as noted previously, this research examines stereotypes of 
low-SES individuals as less sensitive to pain relative to high-SES in-
dividuals but is not able to assess the accuracy of this stereotype. Thus, it 
is possible that people accurately perceive pain sensitivity for low-SES 
individuals but inaccurately perceive high-SES individuals as more 
sensitive to pain. Given past research suggesting that low-SES in-
dividuals are more sensitive to pain than high-SES individuals (Chou 
et al., 2016; Lloyd, Summers, et al., 2021), we are not convinced that 
stereotypes of low-SES individuals as insensitive to pain are accurate. 
Still, examining the accuracy of stereotypes about pain sensitivity and 
the downstream consequences for treatment recommendation would be 
a fruitful avenue for future research. 

10. Conclusion 

In the United States, lower-SES patients consistently receive less 
intensive pain treatment than their higher-SES counterparts (Joynt 
et al., 2013). Although past explanations of this SES disparity tend to 
focus on structural or patient-level influences, the current work consis-
tently demonstrates perceiver biases about low-SES individuals’ pain 
sensitivity contribute to treatment disparities. Indeed, both medical 
providers and laypeople judge low-SES targets as experiencing less pain 
than their high-SES counterparts, and therefore as requiring less pain 
treatment. Further, we find that this SES-to-pain perception link gen-
eralizes across race and gender, and is mediated by differential per-
ceptions of life hardship across targets’ SES. This research provides 
insight into a novel explanation for pain treatment disparities whereby 
relatively low-SES patients receive less intensive and often inferior pain 
care. 

10.1. Open practices 

All materials and data are openly accessible on OSF. https://osf. 
io/8whpm/ 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jesp.2021.104116. 
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