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Abstract
While language and culture influence cognition, their role in shaping pain remains understudied.We tested whether language and
cultural identification influence pain report among Spanish–English bilinguals. Eighty bilingual Hispanics/Latinos (40 female)
experienced painful thermal stimulations, providing pain intensity and unpleasantness ratings, on separate English and Spanish
testing days. Participants’ skin conductance responses (SCRs) during stimulations served as measures of physiological arousal.
Bilingual participants showed larger SCRs and higher pain intensity when speaking the language congruent with their dominant
cultural identification. That is, those endorsing more Hispanic cultural identification showed higher pain in Spanish, while US-
American-dominant participants demonstrated increased pain in English. Follow-up moderated mediation demonstrated that
SCRs mediated language effects on pain ratings for participants endorsing greater Hispanic cultural identification. Together, our
results suggest language, cultural associations, and bodily arousal synergistically influence pain evaluations among bilingual
people, potentially contributing to well-documented health disparities between Hispanic and non-Hispanic communities.
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Introduction

Language is fundamental to human experience, influencing
perceptions and behaviors (see Everett, 2013 for a review).
In communicating internal experiences, language may shape
how we share clinically relevant sensations, such as pain,
which is sensitive to social (e.g., Koban & Wager, 2016)
and cognitive influences (e.g., Czerniak et al., 2016).
Among US Hispanics/Latinos, interplays between language
and pain may have particular clinical relevance. Hispanics/
Latinos (“Hispanics” hereafter) comprise the largest US bilin-
gual population (U.S. Census Bureau, 2017) and face dispar-
ities in pain treatment (Anderson et al., 2009; Meghani et al.,
2012). We investigated how English- vs. Spanish-speaking

contexts alter Spanish–English bilingual Hispanics’ evalua-
tions of and physiological responses to experimentally in-
duced pain. As language is integral to cultural experience
(e.g., Lynch, 2009), we further assessed how language effects
on pain are tied to bilingual participants’ identification with
cultures associated with each language.

US Hispanics are particularly relevant to study in the con-
text of pain processing. Across clinical pain studies, Hispanics
report greater pain severity (Hollingshead et al., 2016) and life
interference than non-Hispanic whites while also being less
likely to receive analgesics to treat pain (Anderson et al.,
2009), particularly non-traumatic/non-surgical pain
(Meghani et al., 2012; see Campbell & Edwards, 2012 for a
review). In one experimental pain study, Hispanics demon-
strated lower pain tolerance compared with non-Hispanic
whites; moreover, stronger identification with Hispanic cul-
ture corresponded with greater pain sensitivity (i.e., lower tol-
erance ratings; Rahim-Williams et al., 2007). Such findings
led Hollingshead et al. (2016) to develop a model of the
Hispanic pain experience which centers both psycho-
biological and sociocultural contributors; the latter of these
components were a central focus in the design and interpreta-
tion of the present investigation.
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Language, as a defining feature of many cultures, likely
plays a central role in sociocultural contributions to these pain
effects among Hispanics. Pain is typically clinically evaluated
via verbal report (Breivik et al., 2008; Hjermstad et al., 2011),
and language concordant care is associated with improved
patient comfort and healthcare satisfaction (Ali & Johnson,
2017). One Swiss epidemiological study of 1,200 plus back
pain patients found that German speakers were more likely to
rely on active coping strategies (e.g., “aspiration to improve”),
while French speakers engage more passive pain coping (e.g.,
“acquiescence to the condition”; Schulz et al., 2013). The
authors interpreted this outcome to be the result of varied
cultural tendencies which differentiate the Swiss microcul-
tures associated with each language. Thus, cultural features
covarying with language use can meaningfully alter the way
we evaluate and respond to pain in ourselves and others.
However, the quasi-experimental nature of these comparisons
(i.e., no random assignment to different language categories)
underscores the need for within-subject experimental designs.

Among Spanish–English bilinguals, language context (i.e.,
English or Spanish experimental conditions) can alter self-
reported anxiety (Guttfreund, 1990) and attentional focus
(Schonberg et al., 2019), both processes known to causally
influence experimental pain report (Legrain et al., 2009;
Tang & Gibson, 2005). Linguistic distinctions across lan-
guages could further contribute to pain variability. For exam-
ple, Spanish grammar may foreground the self and/or empha-
size pain’s ongoing nature (e.g., me dolía—“It was hurting
me”) compared with English phrasings (e.g., “that hurt”). As
a key feature of Hispanic culture (Taylor et al., 2012), lan-
guage usagemaymeaningfully contribute to pain experiences.
Further study could examine how other cultural patterns, e.g.,
familismo (i.e., placing familial needs ahead of individual
needs) or machismo (i.e., masculine aggression and strength)
commonly expressed in Hispanic cultures (Ingoldsby, 1991)
may influence factors, such as verbal suggestibility or coping
strategies, which are known to alter pain responses (Jensen
et al., 1991; Ružić et al., 2017).

Here, we investigated how language and cultural identifi-
cation influence pain report and physiological responses with-
in Spanish–English bilinguals. We used thermal stimulations
to evoke pain and recorded mean skin conductance response
amplitude (mSCRa) as a measure of physiological arousal.
We predicted bilingual participants would report higher pain
in Spanish (compared with English) due to a greater centering
of the self in expressions related to the pain experience in
Spanish; such expressions may engage cognitive reappraisal
mechanisms which can upregulate pain sensations and re-
sponses (Woo et al., 2015). Because, similar to pain report,
pain-evoked skin conductance responses are affected by psy-
chological manipulations (Koban & Wager, 2016; Reicherts
et al., 2016), if language impacts experiential aspects of pain,
we predicted mSCRawould mirror differences in pain ratings;

conversely, if language affects pain only at the communicative
level, physiological responses would be unlikely to vary
across languages. Since stronger identification with Hispanic
culture has been linked to greater pain sensitivity (Rahim-
Williams et al., 2007), we predicted language effects would
be largest among Hispanic-identified bilinguals. We conduct-
ed moderated mediation analyses to clarify the mechanisms of
language effects on pain report across cultural identities.

Methods

Participants

Participants in this experiment were N = 96 (51 female)
healthy adults ages 18–51 recruited from the University of
Miami or surrounding Miami-Dade County. All participants
self-identified as bicultural and reported being fluent or native
speakers of both English and Spanish, having acquired their
second language by age 10, a common cutoff age for early vs.
late bilingualism (Luk et al., 2011). All participants confirmed
that they identified as Hispanic and/or Latino/a and considered
themselves to be bicultural. Individuals over age 55 were ex-
cluded from participation due to documented alterations in
pain sensitivity in this age group (Riley 3rd et al., 2010).
Informed consent was acquired from all participants in both
English and Spanish. All study procedures were approved by
the University of Miami Institutional Review Board and par-
ticipants were compensated for their involvement.

Participants were excluded for past or current pain condi-
tions or for taking medications that may affect pain percep-
tion. The total of 96 participants includes 12 pilot participants,
three participants who only completed half the study, and one
participant whose data were removed due to taking a pain
medication before the study session. Hence, data from 80
participants (40 female) with a mean age of 29.0 ± 8.8 are
included in the analytic sample.

Sample size was decided a priori based on effect sizes
observed between English and Spanish conditions in prior
research (see Fausey & Boroditsky, 2011; and Ramírez-
Esparza et al., 2006 for smallest and largest effect sizes
respectively). Sample sizes to acquire a power of 0.80 were
calculated using the GPower software (Erdfelder et al.,
1996). We determined that a sample of 80 subjects would
permit the detection of effects as small as Cohen’s d of
0.32 (the lower end of the effects reported in the literature)
with a power of 0.80.

Study Design

Employing a within-subject design, participants received
painful thermal stimulations and provided pain ratings during
two separate English and Spanish laboratory sessions, each
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lasting 1.5 to 2 h. Four (two female) fully bilingual experi-
menters guided all participants through the study procedures.
Each participant saw only one gender-matched experimenter
throughout their study participation in addition to speaking
with one of the authors (MG) during a brief concluding inter-
view. Participants interactedwith and received painful thermal
stimulations from gender-matched experimenters to control
for known effects of experimenter gender on pain report
(Aslaksen et al., 2007; Levine & De Simone, 1991). Self-
report acculturation metrics were collected at the end of each
session, allowing us to assess the role of cultural identification
(i.e., relative endorsement of cultural aspects tied to each lan-
guage) on the pain experience.

During one session, all study materials and interactions
were presented in English, while the other session was con-
ducted entirely in Spanish. Session order was counterbalanced
across participants. Additionally, within each session, partici-
pants received half of the pain stimulations before and half of
the stimulations after a language-congruent “cultural priming”
task in which they viewed culturally evocative images (similar
to those of Chiao et al., 2010; Lechuga, 2008; Morris & Mok,
2011; Ng et al., 2010). This procedure was meant to activate
either participants’ US-American (English session) or
Hispanic (Spanish session) cultural identi ty (see
Experimental Protocol in the supplement for more details on
the cultural priming procedure). Participants’ electrodermal
activity (EDA) and electrocardiogram (ECG) were recorded
throughout both study sessions as measures of physiological
responses to the pain stimulations. All other procedures were
identical between the two sessions, with the exception that
informed consent was only acquired during the first session
and a study completion survey and concluding interview were
only completed during the second session. Initial analysis re-
vealed no significant effects of the cultural priming manipu-
lation on the pain outcomes considered here (see Regression
Models Testing for Cultural Priming Effects on Pain
Outcomes in the supplement for results of these analyses).
Session segment (i.e., if stimulations occurred pre- or post-
priming) was statistically controlled in the models presented
here but is not a primary focus of these analyses. The ECG
data and cultural priming manipulation from this experiment
are outside the scope of the present investigation and will be
considered in future analyses.

Separate English and Spanish programs created with the
stimulus delivery and control software, Presentation
(Neurobehavioral Systems, Inc.), were used to coordinate heat
stimulations and the various forms of data collected during
each experimental session. These programs also served as a
script for the experimenter to guide participants through the
experimental protocol. All Spanish study materials (e.g., con-
sent forms, surveys, study scripts) were constructed using a
forward and back translation process. English documents
were translated into Spanish, then Spanish versions were back

translated into English by another bilingual researcher. Any
discrepancies between translations were resolved via discus-
sion among all researchers to determine the final versions (as
suggested in Prieto, 1992). The study scripts were written such
that both the content and wording given to participants
remained consistent across experimenters and parallel be-
tween language conditions. For example, the Spanish word
esperar (“expect”) can also mean “wait” or “hope for.”
Thus, instead of being asked what they “expect,” participants
rated what they “anticipate” (anticipar) from the stimulations
in both language conditions.

Session Overview

Each experimental session consisted of five portions. First,
during the “heat training” (Fig. 1[A]), the experimenter ex-
plained to the participant the types of thermal stimulations
they would receive and the ratings made throughout the study.
This time served as an opportunity for the experimenter to
build rapport with the participant, conversing in the session
language. Second, during “pre-priming trials” (Fig. 1[B]), par-
ticipants provided distinct ratings for each of three types of
painful thermal stimulations: threshold (× 4 trials), tolerance
(× 4 trials), and suprathreshold stimulations (× 8 trials). Each
thermal stimulation was delivered to one of eight skin sites on
the participants’ left volar forearm using a 16 mm× 16 mm
Medoc peltier contact thermode from a Pathway Pain &
Sensory Evaluation System (Medoc, Inc., Haifa, Israel).
Suprathreshold stimulations lasted 8 s in total, comprising
4.5 s at one of two predetermined temperatures (47 °C or
49 °C; × 4 trials at each temperature) previously identified as
above most individuals’ pain threshold (Edwards & Fillingim,
1999) flanked by 1.75 s ramp periods to get to the target
temperature and return to a 38 °C baseline. To ensure partic-
ipant safety and comfort, participants could request that the
experimenter remove a suprathreshold stimulation before
completion if it became intolerable. Whether participants re-
moved a stimulation early or not was included as a binary
control variable in later analyses (see the “Data Analysis”
section); in total, 107 suprathreshold stimulations (4.18% of
all trials) were removed early. Collected pain ratings included
the point at which the participant first felt pain (i.e., pain
threshold) for threshold trials, the point at which the pain
became intolerable (i.e., pain tolerance) for tolerance trials,
and numerical ratings of overall pain unpleasantness and pain
intensity after each suprathreshold trial. Participants rated both
the intensity and unpleasantness of the pain they experienced
during each stimulation. These two ratings allowed us to sep-
arately assess language effects on different aspects of the pain
experience. Specifically, in prior experimental pain literature,
intensity ratings have been associated with the sensory–
discriminative aspect of pain while unpleasantness ratings
are used to assess pain’s affective–motivational component
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(Auvray et al., 2010). As anxiety and expectations are both
known to influence evaluations of experimentally induced
pain (Ružić et al., 2017; Tang & Gibson, 2005), participants
also provided anxiety and pain anticipation ratings, though
these ratings are not considered in the present analyses.
Open-ended verbal descriptions of the pain experience were
collected to assess the presence of language-congruent differ-
ences in pain coping (Schulz et al., 2013).

Third, during “cultural priming,” the experimenter led a
conversation around culturally relevant questions and the
viewing of culturally salient images with the participant
(Fig. 1[C]). This portion was designed to prime the partici-
pant’s language-congruent cultural mindset (i.e., US-
American culture for English sessions, Hispanic culture for
Spanish sessions). Fourth, during “post-priming trials” (Fig.
1[D]), participants received an identical series of heat stimu-
lations and completed the same evaluations as during pre-
priming trials (i.e., pain threshold, pain tolerance,
suprathreshold intensity and unpleasantness ratings, anxiety
and anticipation ratings, verbal descriptions of pain). To re-
duce habituation or sensitization effects resulting from repeat-
ed stimulation (Jepma et al., 2014), pre- and post-priming
trials were delivered at distinct skin sites.

Finally, participants completed various surveys in the lan-
guage of the study session via Qualtrics (Fig. 1[E]). The full
list of surveys completed and relevant citations are available in

the supplement (see Experimental Protocol). The surveys of
interest for the present analyses include the Abbreviated
Multidimensional Acculturation Scale (AMAS; Zea et al.,
2003) and Hispanic Community Health Study/Study of
Latinos Sociocultural Questionnaire (SOL SC; Sorlie et al.,
2010). These acculturation measures were used to assess par-
ticipants’ integration and identification with various aspects of
US-American and Hispanic culture. Present analyses are lim-
ited to participants’ pain intensity and unpleasantness ratings
and EDA recordings during suprathreshold trials.

Data Analysis

Unless otherwise noted, all data were compiled and analyzed
in R Studio version 3.6.1 (R Core Team, 2019).

Continuous EDA recordings were acquired throughout the
experimental sessions with EL507 sensors placed on the left
index and middle fingers with isotonic electrode gel to main-
tain contact (Gel 101, BIOPAC Systems Inc.). Signals were
sent via a Bionomadix wireless EDA transmitter and receiver
module pair which interfaced with a MP150 data acquisition
platform read into the AcqKnowledge software (version 4.4.2,
BIOPAC Systems Inc.). EDA time series were batch proc-
essed using the continuous decomposition analysis feature of
the Ledalab software toolbox V3.2.5 (Benedek & Kaernbach,
2010) for MATLAB (version R2017a). Briefly, data
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originally acquired at 1000 Hz were down-sampled to 50 Hz,
smoothed with the adaptive smoothing tool, and submitted to
the continuous decomposition analysis which split the signal
into separate tonic and phasic components. Events were de-
fined from 5 s after the Medoc thermode received the signal to
initiate a heat stimulation (allowing 4 s of equipment delay
and 1 s for initiation of physiological response after heat on-
set) to 15 s after the start signal, thus including the stimulation
period and a few seconds after the end of the heat stimulation.
Phasic signals (i.e., the signal remaining after accounting for
baseline tonic activity) exceeding a threshold of
0.01 microsiemens (μS) within the response window were
recorded as a skin conductance response (SCR). The mean
amplitude of this phasic skin conductance response across
the response window (mSCRa; an estimate of the underlying
sudomotor nerve activity) served as our primary implicit bio-
logical indicator of participants’ pain-evoked physiological
arousal for each heat stimulation trial (Benedek &
Kaernbach, 2010). This mSCRa metric was log transformed
(natural logarithm of mSCRa in μS) in order to meet the as-
sumptions of the analyzed linear models. This transformation
did not affect the rank order of mSCRa across trials or
participants.

The AMAS was scored according to previously document-
ed procedures by averaging responses in each subscale,
resulting in separate US acculturation and “culture of origin”
(i.e., Hispanic) acculturation scores (Zea et al., 2003). The
SOL SC was scored by summing item responses within each
subscale. Some items and subscales were reverse scored in
order to make lower values always represent greater endorse-
ment of dimensions of Hispanic culture. Missing responses
were imputed with that individual’s mean score for the corre-
sponding subscale. As most participants answered all survey
questions, no more than two items required mean imputation
for any single participant. AMAS and SOL SC scores were
combined into one composite “cultural dominance”metric per
session for each participant. This value served as a potential
moderator of language effects on pain outcomes. Specifically,
the AMAS culture of origin subscale was subtracted from the
US culture subscale and rescaled to produce one continuous
measure. Lower scores corresponded to greater Hispanic cul-
tural identification (including use of the Spanish language);
higher scores denoted greater US-American cultural identifi-
cation (and English language use). Similarly, the SOL SC
familism subscale was reverse scored and combined with the
acculturation subscale such that lower scores denoted greater
endorsement of familism and Hispanic culture. An average
(weighted by the number of questions used from each survey)
was calculated between the AMAS and SOL SC metrics to
produce the cultural dominance measure. As all included
items from the two surveys dealt with distinct aspects of cul-
tural knowledge and identity, this weighted average approach
provided equal weight to each item. We chose not to combine

Z transformed total survey scores as this would have implied
double weighting of similar items appearing in both surveys
and weighting items from the shorter survey more heavily.
The AMAS and included portions of the SOL SC metrics
were significantly correlated during both English (r = 0.38,
95% CI [0.17, 0.55], t(78) = 3.61, p < .001) and Spanish (r =
0.36, 95% CI [0.16, 0.54], t(78) = 3.43, p < .001) sessions,
suggesting they reflected comparable constructs. As our sam-
ple size was not large enough for adequate use of factor anal-
ysis (Mundfrom et al., 2005; Tabachnick et al., 2013), this
composite metric was employed to account for a greater vari-
ety of culturally relevant factors (e.g., familism, language us-
age, cultural awareness) than captured by either survey alone.
This composite score consisted of a single value, on a scale
theoretically ranging from − 3 (high Hispanic cultural domi-
nance) to + 3 (high US-American cultural dominance), with 0
representing balanced cultural identity and language usage. In
reality, participants’ cultural dominance values ranged from −
1.7 to + 0.9, with more people showing relative US-American
cultural dominance (Fig. 2). These cultural dominance scores
did not vary significantly between English and Spanish ses-
sions (paired t test; t(79) = − 0.43, p = .667) and were not
strongly correlated with age in either condition (English:
r = .18, 95% CI [− 0.04, 0.38], t(78) = 1.59, p = .116;
Spanish: r = .12, 95% CI [− 0.11, 0.33], t(78) = 1.04,
p = .302).

Trial level pain outcomes (i.e., intensity and unpleasantness
ratings, mSCRa) from suprathreshold stimulations were first
analyzed via separate linear mixed effects models using the
lme4 package in R (Bates et al., 2015). Random intercepts
across participants were included to account for variability in
participants’ general pain sensitivity, with participants nested
within the experimenter who conducted their sessions. Due to
equipment errors leading to signal dropout, 132 trials of
mSCRa data (5.16% of the sample) are missing. Intensity
and unpleasantness models contained no missing data.
Control variables in these models included the study session
(first or second), session segment (pre- or post-priming trials),
temperature (47 °C or 49 °C), trial number (1–8), and a binary
variable denoting whether a stimulation was removed before
completion (“removal”). Additionally, participant gender and
age were included to account for known differences in pain
ratings across these demographic variables (Lautenbacher
et al., 2017; Ostrom et al., 2017). Session language, dummy
coded as 0 for English and 1 for Spanish, served as the prima-
ry predictor of interest. The composite cultural dominance
measure was included in each model and tested as a potential
moderator of language effects by incorporating language by
cultural dominance interaction terms in addition to main ef-
fects. All models were screened for influential outliers at the
participant and trial level using a recommended cutoff of
Cook’s distance ≥ 4/N (Bollen & Jackman, 1985). All models
were analyzed with outliers excluded from the dataset, but all
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primary results remained consistent. After verifying that out-
lier observations were not driven by data collection or mea-
surement error, all analyses retained potentially influential da-
ta points, consistent with views on statistical best practices for
outlier analysis (Zuur et al., 2010).

Upon initial inspection of these models, a similar pattern of
language effects across cultural dominance levels was observed
for intensity ratings and mSCRa (see the “Results” section). We
thus conducted follow-up moderated mediation analyses to assess
the degree to which pain evoked physiological arousal (i.e.,
mSCRa) indirectly contributed to language effects on pain ratings,
and the extent to which this pattern differed across participants’
cultural identification. A mediation relationship was proposed due
to the temporal precedence between mSCRa (measured during
stimulations) and pain ratings (collected after each stimulation)
and because physiological signals are known to impact subsequent
behavior and emotions (Critchley & Garfinkel, 2017). For these
analyses, linear mixed effects models with random intercepts for
participant (nested within experimenter) and fixed effects of all
control variables (i.e., session, segment, trial number, temperature,
removal, age, and gender) were fit to unpleasantness, intensity,
and mSCRa outcomes using the lmer function of the lme4 R
package (Bates et al., 2015). The residuals from thesemodelswere
analyzed according to the moderated mediation pathway outlined
in Fig. 3.

Mediation effects for both pain unpleasantness and intensity
outcomes were compared at one standard deviation above and
below the mean cultural dominance value, typical levels for
testing conditional mediation in moderated mediation analyses
(Preacher et al., 2007). Hence, mediation effects were tested in
models with cultural dominance scores centered at + 0.57,
reflecting US-American dominance, and at − 0.40, reflecting
Hispanic dominance. Conditional models comparing scores at
the mean cultural dominance score are described in the supple-
ment (Conditional Mediation for Balanced Biculturals). Path
coefficients were estimated using lm() linear regression models
(R base package; R Core Team, 2019) and corroborated against
structural equation models fit with the lavaan package

(Rosseel, 2012). Conditional mediation and direct effects were
compared across moderator conditions (i.e., US-American and
Hispanic cultural dominance) using the test.modmed function
of the mediation package (Tingley et al., 2014). Bootstrapped
confidence intervals were calculated from 1,000 simulations for
individual conditional models and 2,000 simulations for com-
parisons of conditional mediation effects. Residual-based me-
diation models were analyzed to account for the nested struc-
ture of participants with the experimenter conducting their ses-
sions, which themediation package was not able to incorporate.
These residual-based models are presented in the main text for
ease of interpretation, though analyses testing moderated medi-
ation relationships in models including control variables (ex-
cept experimenter) are available in the supplement (see
Alternative Analysis Results). These models were interpreted
according to the mediation framework outlined by Zhao et al.,
(2010).

Results

Initial Manipulation Checks

We first note that multiple control variables included in themodels
predicted the tested pain outcomes (Table 1). Pain unpleasantness
and intensity ratings were significantly correlated (r= .919, 95%
CI [0.913, 0.925], t(2558) = 118.07, p< .001) and predicted by the
same control variables: age, session, temperature, and removal
(i.e., whether the participant stopped the stimulation before trial
completion). Participants rated stimulations as more intense and
unpleasant during their first session (regardless of language), when
stimulations were at higher temperatures, and when stimulations
were removed early. Pain ratings also tended to be lower for older
participants. These same variables produced corresponding effects
on participants’ pain-evoked physiological arousal (measured via
mean skin conductance response amplitude, mSCRa).
Physiological arousal also decreased across trials within a segment
and from pre-priming to post-priming trials, in line with expected
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Fig. 2 Distribution of participants’ composite cultural dominance scores
during English (left) and Spanish (right) experimental sessions. Cultural
dominance values were calculated from a weighted average of

acculturation survey scores (AMAS and SOL SC). Negative values de-
note greater Hispanic cultural dominance, while positive values corre-
spond to greater relative endorsement of US-American culture
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habituation effects. As session segment (pre- or post-priming) did
not significantly predict either intensity or unpleasantness ratings
(ps > .50), switching stimulation sites between segments appears
to have prevented habituation effects from influencing explicit
pain ratings. These results indicate that the heat pain manipulation
functioned as expected, and the inclusion of theses control vari-
ables in the models reduces the potential for the language effects
(discussed below) to result from confounds of the heat pain para-
digm. Furthermore, participants’ mSCRa was significantly posi-
tively correlated with their ratings of pain intensity (r= .341, 95%
CI [0.305, 0.376], t(2426) = 17.87, p< .001) and unpleasantness
(r= .335, 95% CI [0.300, 0.370], t(2426) = 17.54, p< .001). This
relationship signified that participants’ pain-evoked physiological
arousal tracked well with self-reported pain measures and was
predicted by variables which also affect pain ratings, reinforcing
its use as an indicator of implicit pain responses.

Language Effects on Pain Intensity Are Moderated by
Cultural Dominance

Interestingly, cultural dominance moderated the effects of the
language manipulation on pain intensity ratings. Significant
main effects of language and cultural dominance did not
emerge among any of the three pain outcomes
(intensity, unpleasantness, physiological arousal; all
ps > .25; Table 1). However, intensity ratings tended to
differ across language conditions for participants with
stronger preferences for a single culture. Particularly in
the Spanish condition, participants who showed greater

endorsement of their Hispanic (compared with US-
American) cultural identity provided higher intensity rat-
ings than their more US-American-identified counter-
parts. Further, intensity ratings across cultural domi-
nance scores showed a weaker inverse pattern in the
English condition, with more US-American-identified
participants providing higher intensity ratings than those
more strongly endorsing Hispanic culture. The language
by cultural dominance interaction for pain intensity rat-
ings (B = − 0.46, SE = 0.132, p < .001) is depicted in
Fig. 4a by the significant difference in slopes across
language conditions. Overall, participants endorsing high
Hispanic cultural dominance showed the largest effect
of the language manipulation. During Spanish sessions,
these participants rated suprathreshold stimulations as ~
0.3–1.0 points more intense (10-point scale) on average
compared with their English session (Fig. 4a). Conversely,
those reporting higher US-American dominance exhibited
lower intensity ratings during Spanish sessions, while those
with balanced cultural identification (cultural dominance values
near 0) provided similar intensity ratings regardless of lan-
guage. This moderation relationship explains the lack of main
effect for language, as language context did not influence all
participants equally or in the same direction. Estimates of
Cohen’s d suggest that the language by cultural dominance
interaction on intensity ratings (d = − 0.138) was roughly com-
parable with the drop in ratings from the first to second sessions
(d = − 0.171). This finding indicates that the combination of
language and cultural identification can affect explicit pain
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Fig. 3 The hypothesized
mediation (top) and moderated
mediation (bottom) models ana-
lyzed in this study. Each model
was tested with two separate out-
come variables: pain unpleasant-
ness and pain intensity ratings.
mSCRa, mean skin conductance
response amplitude
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evaluations nearly as strongly as the psycho-physiological ef-
fect of prior exposure to the painful experience.

Cultural Dominance Moderates Language Effects on
Pain-Evoked Physiological Arousal

A similar moderation of language effects by cultural domi-
nance emerged for participants’ pain-evoked physiological

arousal (i.e., mSCRa) during suprathreshold stimulations
(B = − 0.16, SE = 0.062, p = .008). Again, the effect was most
pronounced during Spanish sessions, where more culturally
Hispanic-identified bilingual participants showed significant-
ly greater pain-evoked arousal than those who endorsed stron-
ger US-American cultural identity. The relationship between
cultural dominance and mSCRa was weaker for English ses-
sions, becoming non-significant, though the trend remained in

Table 1 Fixed effects variables relationships with pain outcomes

Outcome
predictors

B 95% CI SE t value p value Cohen’s d

Pain unpleasantness

Session* − 0.16 [− 0.29, − 0.04] 0.064 − 2.557 .011 − 0.102

Segmenta 0.02 [− 0.10, 0.14] 0.063 0.310 .757 0.012

Temperature* 3.13 [3.00, 3.26] 0.065 48.328 < .001 1.943

Removal* 1.22 [0.83, 1.61] 0.199 6.089 < 0.001 0.242

Trial 0.008 [− 0.02, 0.04] 0.014 0.610 .542 0.025

Age (in years)* − 0.05 [− 0.10, − 0.01] 0.023 − 2.315 .023 − 0.442

Genderb − 0.45 [− 1.61, 0.72] 0.652 − 0.695 .560 − 0.988

Languagec 0.01 [− 0.11, 0.14] 0.065 0.206 .837 0.008

Cultural dominance − 0.26 [− 0.73, 0.21] 0.241 − 1.080 .280 − 0.066

Language × cultural dominance − 0.08 [− 0.36, 0.18] 0.136 − 0.652 .514 − 0.026

Pain intensity

Session* − 0.27 [− 0.39, − 0.14] 0.062 − 4.271 < .001 − 0.171

Segmenta 0.04 [− 0.08, 0.16] 0.062 0.632 527 0.025

Temperature* 3.10 [2.98, 3.22] 0.063 49.121 < .001 1.975

Removal* 0.88 [0.50 1.26] 0.194 4.516 < .001 0.180

Trial 0.004 [− 0.02, 0.03] 0.013 0.327 .744 0.013

Age (in years)* − 0.05 [− 0.10, − 0.01] 0.022 − 2.488 .014 − 0.473

Genderb − 0.39 [− 1.22, 0.40] 0.498 − 0.792 .513 − 1.136

Languagec 0.06 [− 0.06, 0.19] 0.063 1.021 307 0.041

Cultural dominance 0.08 [− 0.37, 0.54] 0.235 0.359 719 0.022

Language × cultural dominance* − 0.46 [− 0.72, − 0.20] 0.132 − 3.442 < .001 − 0.138
Pain-evoked physiological arousal (mSCRa)

Session* − 0.16 [− 0.21, − 0.10] 0.030 − 5.232 < .001 − 0.216

Segment*a − 0.30 [− 0.36, − 0.24] 0.029 − 10.307 < .001 − 0.426

Temperature* 0.88 [0.82, 0.94] 0.030 29.567 < .001 1.222

Removal* − 0.24 [− 0.42, − 0.07] 0.089 − 2.741 .006 − 0.112

Trial* − 0.08 [− 0.10, − 0.07] 0.006 − 12.994 < .001 − 0.538

Age (in years)* − 0.05 [− 0.07, − 0.03] 0.010 − 4.443 < .001 − 0.839

Genderb 0.19 [− 0.22, 0.60] 0.199 0.971 .335 0.227

Languagec 0.03 [− 0.03, 0.09] 0.030 0.946 .344 0.039

Cultural dominance − 0.06 [− 0.27, 0.15] 0.109 − 0.539 .590 − 0.032

Language × cultural dominance* − 0.16 [− 0.28, − 0.04] 0.062 − 2.657 .008 − 0.110

B slope, CI confidence interval, SE standard error, mSCRa mean skin conductance response amplitude

*Variables with significant (p < .05) slopes
a Segment denotes comparison between pre-priming and post-priming trials, with negative values corresponding to higher pain outcomes pre-priming
bNegative values for gender denote higher pain outcomes in women
c Language coded as 0 for English, 1 for Spanish; negative values denote higher pain outcomes in English
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the same direction (i.e., larger mSCRa among more Hispanic-
dominant participants). This pattern of physiological arousal
resulted in a significant language by cultural dominance inter-
action, visualized as a steeper slope for the Spanish line in Fig.
4b; while the English line tends in the same direction, the error
range includes the possibility of a flat relationship. This out-
come also explains the lack of a significant main effect of
cultural dominance on physiological arousal (Table 1). The
crossover point for this relationship was once again near the
cultural dominance score of 0, meaning that participants who
endorsed roughly equal US-American and Hispanic cultural
values exhibited similar pain-evoked arousal in both language
contexts. Hispanic-dominant participants produced larger
mSCRa in Spanish compared with English, whereas more
US-American-dominant participants displayed the opposite
effect. The effect size for this interaction (d = − 0.110) was
comparable to removing a stimulation early (d = − 0.112),
demonstrating that language and cultural variables can lead
to physiological changes as profound as changes in (the dura-
tion of) the painful stimulus itself. In total, participants tended
to report more intense pain and show greater physiological
arousal in the language condition associated with their more
dominant culture.

In contrast to intensity ratings and pain-evoked physiolog-
ical arousal, neither language, cultural dominance, nor their
interaction significantly predicted pain unpleasantness during
suprathreshold stimulations (all ps > .25). Table 2 summarizes
the random effects of these three models along with the

variance explained by the fixed effects (“marginal R2”) and
the full models including random effects of participant nested
within the experimenter conducting their sessions (“condition-
al R2”). For all three models, approximately 40% of the vari-
ance in pain outcomes was observed within subjects while ~
60% was between subjects.

No Mediation of Language Effects on Pain via
Physiological Arousal Across Full Sample

Given the similar pattern of results observed in the pain inten-
sity and pain-evoked physiological arousal outcomes, we test-
ed whether mSCRa (our metric of physiological arousal) me-
diated the relationship between language conditions and ex-
plicit pain ratings. Despite having initially found no direct
language effect on either pain unpleasantness or intensity rat-
ings, these mediation models were considered because indi-
rect effects may emerge in the absence of total effects (Zhao et
al., 2010), and testingmeditationmodelsmay offer more pow-
er to detect certain effects (O’Rourke & MacKinnon, 2015).

Unsurprisingly, language was not predictive of physiolog-
ical arousal (non-significant path a; p > .60) and did not sig-
nificantly alter pain intensity or unpleasantness ratings with-
out the interaction of the cultural dominance variable (non-
significant path c’s for both models; ps > .70). However, path
b was shown to be significant, as physiological arousal (i.e.,
mSCRa) predicted both intensity and unpleasantness ratings
(unpleasantness: B = 0.436, SE = 0.045; intensity: B = 0.390,
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Fig. 4 Plotted relationships between pain outcomes and cultural
dominance values during English and Spanish study sessions. a Pain
intensity ratings during suprathreshold trials across cultural dominance
scores and language conditions. b Pain-evoked physiological arousal
assessed as mSCRa across cultural dominance scores and language con-
ditions. Log-transformedmSCRa (measured in microsiemens) are plotted
on the y-axis; lower values denote lower mSCRa. Note the error bands for

the red English line include the potential for a flat relationship (non-
significant effect), whereas this is not the case for the blue Spanish line.
Negative cultural dominance values reflect greater endorsement of
Hispanic compared with US-American culture, while positive values re-
flect the opposite. Cultural dominance scores near 0 represent balanced
cultural identification. Error bands denote standard error of the mean
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SE = 0.044; both p < .001) when controlling for language. No
significant indirect (i.e., mediation), direct, or total effects
emerged for either model. A similar pattern of results was also
found when testing conditional models centered at the mean
cultural dominance (see supplement Conditional Models for
Balanced Biculturals). This result was expected given that
inverse language effects across the cultural dominance spec-
trum would cancel out when averaging across all participants.
Therefore, we sought to account for different directions of
language effects across participants endorsing different pat-
terns of cultural identification by testing the moderated medi-
ation model depicted in the bottom of Fig. 3.

Language Effects on Pain Ratings Are Mediated by
Physiological Arousal for Hispanic-Dominant
Participants

Pain-evoked physiological arousal significantly mediated the
relationship between language context and pain ratings (both
intensity and unpleasantness) for culturally Hispanic-
dominant participants. Language context directly influenced
pain intensity ratings for both culturally Hispanic and US-
American-dominant participants, whereas unpleasantness rat-
ings were not directly influenced by language context at either
end of the cultural dominance spectrum. We discuss the in-
tensity (Fig. 5) and unpleasantness models (Fig. 6) in turn.

Among those endorsing greater Hispanic cultural domi-
nance, the language context influenced reported pain intensi-
ty, and this relationship was significantly mediated by pain-
evoked physiological arousal (indirect effect ab = 0.027, 95%
CI [0.004, 0.060], p = .030). For these participants, the lan-
guage condition significantly predicted pain-evoked arousal

during heat stimulations (path a = 0.086, 95% CI [0.008,
0.164], p = .030; larger mSCRa during Spanish compared
with English sessions), which in turn predicted higher pain
intensity ratings (path b = 0.311, 95% CI [0.200, 0.422],
p = .015). The strength of the direct relationship between
physiological arousal and intensity ratings was weaker for
Hispanic-dominant participants (path b = 0.311) compared
with those endorsing greater US-American dominance (path
b = 0.470; Fig. 5b). This difference was offset by a significant
path a relationship between language condition and pain-
evoked physiological arousal. The total effect of language
context on pain intensity ratings (c = 0.236 [0.073, 0.420],
p = .008) was significantly reduced after including the medi-
ating role of mSCRa (c’ = 0.210 [0.046, 0.370], p = .012).
Thus, approximately 11.3% of the total effect (path c) of lan-
guage on pain intensity was mediated by pain-evoked physi-
ological arousal (path ab), based on the relative sizes of their
path coefficients.

Among participants endorsing relatively higher US-
American cultural identification, the significant total effect
(c = − 0.209, 95% CI [− 0.389, − 0.050], p = .020) of language
on intensity ratings was slightly reduced by the inclusion of the
mediation path (c’ = − 0.180, 95% CI, [− 0.353, − 0.030],
p = .026). However, this drop did not represent a significant
mediation of intensity ratings by pain-evoked physiological
arousal (indirect effect ab = − 0.029 [− 0.070, 0.010],
p = .122). Although larger mSCRa significantly predicted
higher intensity ratings, controlling for language condition
(path b = 0.470, 95% CI [0.348, 0.592], p < .001), the relative
drop in physiological arousal from English to Spanish for these
participants was not significant (path a = − 0.061, 95% CI [−
0.141, 0.018], p = .129). This direct path only non-mediation

Table 2 Estimates of random effects parameters across pain outcome models

Outcome predictors Variance Standard deviation Marginal R2 Conditional R2

Pain unpleasantness .318 .726

Participant (nested within experimenter) 3.58 1.89

Experimenter 0.24 0.49

Residual 2.57 1.60

Pain intensity .327 .722

Participant (nested within experimenter) 3.39 1.84

Experimenter 0.07 0.27

Residual 2.43 1.56

Pain evoked physiological arousal (mSCRa) .252 .700

Participant (nested within experimenter) 0.76 0.88

Experimenter < 0.001 < 0.001

Residual 0.51 0.72

Values rounded to two decimals. All models showed significant χ2 statistics for random effects of participant (ps < .0001) and non-significant effects of
experimenter

mSCRa mean skin conductance response amplitude
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Fig. 5 Tested moderated mediation and conditional mediationmodels for
pain intensity with path coefficients. a Full moderated mediation model
for pain intensity ratings calculated from data of N = 80 bilingual
participants with repeated measures across language sessions. b Path
diagrams with coefficients of mediation relationships calculated with
cultural dominance variable centered at − 1 standard deviation from the
mean, Hispanic dominance (left), and + 1 standard deviation from the

mean, US-American dominance (right). Language was coded as 0 for
English and 1 for Spanish; thus, path coefficients from the “Language
Context” box can be interpreted as the relative effect of the Spanish
condition compared with English. Standard errors for each path coeffi-
cient are in parentheses. Dashed lines in b represent the total effect (c
path) which can be compared with the solid c’ path (direct effect). N.S.,
not significant. *p < .05, **p < .01, ***p < .001

a

b

Language Context
(English or Spanish)

Pain-Evoked
Physiological

Arousal

Cultural
Dominance

Pain
Unpleasantness

-0.004 (0.064)

0.065 (0.041)
N.S.

-0.005
(0.091)

N.S.

N.S.

Hispanic Cultural Dominance

Language Context
(English or Spanish)

Pain
Unpleasantness

c’ = 0.006 (0.088) N.S.

c = 0.044 (0.088) N.S.

Pain-Evoked
Physiological

Arousal

US-American Cultural Dominance

Language Context
(English or Spanish)

Pain-Evoked
Physiological

Arousal

Pain
Unpleasantness

c’ = -0.018 (0.090) N.S.

c = -0.039 (0.088) N.S.

Fig. 6 Tested moderated mediation and conditional mediationmodels for
pain unpleasantness with path coefficients. a Full moderated mediation
model for pain unpleasantness ratings. b Path diagrams with coefficients
of mediation relationships calculated with cultural dominance variable
centered at − 1 standard deviation from the mean, Hispanic dominance
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122 Affective Science  (2021) 2:112–127



relationship implies that other physiological or psychological
mediators beyondmSCRamay be necessary (Zhao et al., 2010)
to explain the relationship between language context and pain
intensity for US-American-dominant participants.

As the language to pain intensity relationship ran in oppo-
site directions depending on participants’ cultural dominance,
indirect (mediation) effects of similar magnitude were signif-
icantly different (abHisp − abUS = 0.056, 95% CI [0.009,
0.102], p = .018). Similarly, the direct effect of language on
pain intensity ratings was larger for Hispanic-dominant com-
pared with US-American-dominant participants (c’Hisp −
c’US = 0.390, 95% CI [0.143, 0.628], p = .001). The inclusion
of pain-evoked physiological arousal and additional cultural
dominance interactions in the full moderated mediation model
(Fig. 5a) resulted in a significant, main effect of cultural dom-
inance on pain intensity ratings (B = 0.187, SE = 0.089,
p = .024). However, we caution against strong interpretation
of this main effect, given significant interactions including the
cultural dominance variable.

In contrast to the pain intensity models, language did not
produce a significant direct (c’Hisp = 0.006, 95% CI [− 0.145,
0.170], N.S.; c’US = − 0.018, 95% CI [− 0.180, 0.160], N.S.) or
total effect (cHisp = − 0.040, 95% CI [− 0.133, 0.210], N.S.;
cUS = − 0.048, 95% CI [− 0.211, 0.140], N.S.) on pain unpleas-
antness ratings for either cultural dominance level. However, as
with pain intensity, we found evidence for mediation of the
language to pain unpleasantness relationship by pain-evoked
physiological arousal for relatively Hispanic-dominant partici-
pants; we did not observe significant mediation effects for US-
American-dominant participants. Specifically, Hispanic-
dominant participants produced significantly larger mSCRa
during Spanish compared with English sessions (path a =
0.086, 95% CI [0.008, 0.164], p = .030), while those endorsing
greater US-American cultural dominance showed the opposite
language to physiological arousal relationship, which did not
reach significance (path a = 0.061, 95% CI [− 0.141, 0.018],
p = .129). For both groups, larger mSCRa was significantly
predictive of higher pain unpleasantness ratings, with this rela-
tionship being slightly stronger among US-American-dominant
(path b = 0.484, 95% CI [0.359, 0.609], p < .001) compared
with Hispanic-dominant participants (path b = 0.397, 95% CI
[0.282, 0.511], p < .001). Therefore, the indirect path from lan-
guage context to pain unpleasantness mediated by pain-evoked
arousal (mSCRa) was significant for Hispanic-dominant
(abHisp = 0.034, 95% CI [0.003, 0.070], p = .048) but not US-
American-dominant participants (abUS = − 0.030, 95% CI [−
0.071, 0.010], p = .110).

When comparing across these two models, we found a
significantly greater meditation effect within the Hispanic-
dominant compared with the US-American-dominant un-
pleasantness model (abHisp − abUS = 0.064, 95% CI [0.016,
0.121], p = .007). This result indicates that Hispanic-dominant
participants’ pain unpleasantness ratings were more sensitive

to their pain-evoked physiological arousal than the unpleas-
antness ratings of US-American-dominant participants.
However, the lack of total and direct effects, which showed
no significant variation across cultural dominance levels
(c’Hisp − c’US = 0.024, 95% CI [− 0.214, 0.256], p = .836),
implies that this mediation effect did not play a large role in
determining participants’ unpleasantness ratings. Figure 6 dis-
plays the overall moderated mediation model with path coef-
ficients (a) as well as conditional mediation models at levels of
relative Hispanic and US-American cultural dominance (b).

In total, pain-evoked physiological arousal significantly
mediated the relationship between language context and pain
ratings (both intensity and unpleasantness) for culturally
Hispanic-dominant bilinguals. Pain intensity ratings were di-
rectly affected by language context for both culturally
Hispanic- and US-American-dominant bilinguals, whereas
language context did not directly affect pain unpleasantness
ratings in either Hispanic or US-American models.

Discussion

Pain experiences are known to be modified by several social
and cognitive processes (Czerniak et al., 2016; Koban &
Wager, 2016; Narayan, 2010), but the role of language and
culture in these relationships remains understudied. With this
experiment, we observed that interplays between language
and cultural identity meaningfully altered pain processing
across bilingual Hispanics. Specifically, participants showed
greater physiological arousal and reported higher pain inten-
sity (but not unpleasantness) in the language of their dominant
culture (e.g., Spanish for Hispanic-dominant participants).
Pain-evoked physiological arousal significantly mediated the
relationship between language context and pain ratings (both
intensity and unpleasantness) particularly for Hispanic-
dominant participants. Direct effects of language on pain in-
tensity ratings for US-American-dominant participants were
not mediated by physiological arousal.

The moderated mediation analyses suggest the mechanisms
of explicit pain evaluation vary by cultural identification. As
physiological arousal mediated 11.4% of the total effect of lan-
guage on intensity ratings (indirect compared with total effect)
for Hispanic-dominant participants, other untested physiologi-
cal and psychological variables likely augment these language
influences (Zhao et al., 2010). Despite non-significant total ef-
fects of language on pain unpleasantness, larger b compared
with a path coefficients provided increased power to detect
meditation (O’Rourke &MacKinnon, 2015) of this relationship
by physiological arousal among Hispanic-dominant partici-
pants. This finding suggests that these participants experienced
slightly higher pain unpleasantness in Spanish (compared with
English), in line with findings of less emotional access in a
second language (Wu & Thierry, 2012), though language
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effects on intensity ratings were appreciably stronger. Absence
of significant mediation within US-American-dominant models
implies other physiological (e.g., heart rate) or psychological
(e.g., anxiety, familiarity) variables may explain these partici-
pants’ direct language effects on pain intensity.

The lack of direct language effects on pain unpleasantness, like
those seen for intensity ratings, may reflect the interaction of other
psychological processes. As comfort can influence pain across
conditions (see Czarnecki et al., 2011 for a review), pain unpleas-
antness (i.e., discomfort or distress) may have shown no direct
language effects because participants felt more comfortable speak-
ing their culturally preferred language. More intense pain may
have been offset by general comfort in a given language, produc-
ing no overall unpleasantness change. Alternatively, reduced pro-
cessing of negative emotional content in a second language, de-
scribed in multiple bilingual event-related potential (ERP) studies
(Jończyk et al., 2016; Jończyk et al., 2019; Wu & Thierry, 2012),
may contribute to the non-significance of the language–
unpleasantness relationship. As unpleasantness ratings are gener-
ally considered to tap the affective aspect of the pain experience
(Auvray et al., 2010), reduced negative emotion in the less dom-
inant language may make unpleasantness ratings more rationally
determined, pushing them toward the middle of the scale. This
reduced emotional access would contrast with more interoceptive
and body-focused processing that could be driving language ef-
fects on intensity ratings and physiological responses (discussed
below). Regardless of themechanisms,we note that across various
experimental and clinical settings, only pain intensity is evaluated
(e.g., Mills et al., 2016; Tang & Gibson, 2005), meaning
language-based changes in intensity may be of greater clinical
relevance than unpleasantness changes.

Observed differences between Hispanic- and US-
American-dominant participants imply that distinct processes
may shape pain responses across these groups. Some evidence
suggests that particularly late bilinguals show less embodied
experiences in their second language (Pavlenko, 2012 for a
review). Differential embodiment could lead bilingual partic-
ipants to feel more bodily connection to stimulations in their
dominant language, producing greater physiological arousal
and subsequent pain assessments. Patterns of cognitive pro-
cessing that vary across physical or social environments (i.e.,
“contextualized cognition”), frequently seen within collectiv-
istic Hispanic cultures (Comas-Diaz, 2006), could further mo-
tivate Hispanic-dominant participants’ sensitivity to the lan-
guage manipulation (direct effects) and their bodily signals
(mediation) when rating pain. US-American-identified partic-
ipants, whose socioeconomic survey data show higher levels
of education and personal and parental income, on average,
compared with Hispanic-dominant participants, may have
produced pain responses less sensitive to bodily arousal due
to greater familiarity with the academic setting. Being more
familiar with the experimental environment may then have
reduced the influence of the language (cultural context) on

these participants’ implicit bodily responses. Some studies
provide evidence that Hispanics may express greater mind–
body integration compared with other ethnic groups (Canino
et al., 1992), intermittently expressed as ataques de nervios
(acute cognitive and physiological responses to distress) or
frequent somatizing symptoms (Hulme, 1996). Thus, greater
bodily awareness among Hispanic-identified bilinguals may
explain the mediating role of physiological arousal in
language–pain relationships and the lack of mediation among
US-American-dominant participants.

Neither language effects on pain ratings nor physiological
arousal emerged significantly for participants endorsing
equivalent identification with US-American and Hispanic cul-
ture. While cultural identity and pain relationships are
understudied, one experiment examined acculturation’s influ-
ence on Hispanics’ susceptibility to cultural priming. Contrary
to our results, Chattaraman et al. (2010) found that “balanced
biculturals’” preference for brands targeted at Hispanic or
“mainstream” (i.e., US-American) consumerswere influenced
by viewing culturally salient priming images; conversely,
“Hispanic-dominant” and “mainstream dominant” partici-
pants showed no priming effects. These results may stem from
the underlying cultural salience of the stimuli. Recent work
has suggested that sociocultural perspectives and contexts
may shape interpretations of and responses to pain
(Anderson & Losin, 2016; Hollingshead et al., 2016).
Unlike preferences for brands targeting “mainstream” or
“Hispanic-dominant” persons (Chattaraman et al., 2010),
however, the stimulations evaluated in this study (i.e., a hot
metal plate on the forearm) were not in themselves inherently
cultural. While balanced biculturals shifted brand preferences
because they resonated with both cultural identities, the stim-
ulations’ lack of explicitly cultural relevance may have meant
that culturally balanced participants could perceive the asso-
ciated pain similarly across languages.

By clarifying language–perception relationships, these re-
sults hold relevance for future experimental studies as well as
documented pain assessment and treatment disparities among
Hispanic populations. If our findings of lower pain ratings in
English for Hispanic-dominant (Spanish preferring) individ-
uals generalizes to English-speaking clinical contexts, this
factor could be contributing to lower likelihood for
Hispanics to receive analgesics (Anderson et al., 2009;
Meghani et al., 2012) and less overall satisfaction with
healthcare (Cersosimo & Musi, 2011), as their pain experience
may not be fully communicated and subsequently incompletely
addressed.While language concordant care can generally improve
patient satisfaction and compliance (Ali & Johnson, 2017), our
results indicate that cultural attitudes and identity can interact with
language preferences and thus should be consideredwithin clinical
interactions. The fact that pain ratings exhibited stronger connec-
tions with physiological arousal for Hispanic-dominant partici-
pants suggests that this group may exhibit greater bodily
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awareness. This hypothesis could be tested in future studies which
record metrics of interoceptive ability, known to relate to pain-
evoked skin conductance measures (such as those in Cameron,
2001), across culturally defined bilingual samples. This study
highlights that Hispanic populations are not monolithic in their
pain evaluation; while seeking to address language barriers in
healthcare (Segalowitz & Kehayia, 2011), we note that switching
languagesmay produce different results based on patients’ cultural
associations and identity.

These results must be qualified by certain limitations. First,
our sample comprised a limited range of cultural dominance
scores, with more participants endorsing US-American domi-
nance. These participants’ lower spread in dominance scores
suggests the tested mediation could become significant among
bilinguals with US-American dominance higher than our sam-
ple contained. Further, cultural dominance was a broad mea-
sure of cultural identification and did not include particular
cultural values (e.g., machismo, personalismo; Comas-Diaz,
2006) that could also contribute to language effects. This com-
posite measure may not represent a unitary construct and re-
quires a larger sample to describe its underlying factor struc-
ture (Mundfrom et al., 2005). While controlling age of second
language acquisition experimentally and frequency of lan-
guage use via cultural dominance, language effects could have
reflected participants’ daily or historical language use. Despite
the temporal precedence of mSCRa to pain ratings, it remains
possible that participants thought of their upcoming rating dur-
ing the heat, in turn altering their physiological arousal. We
find this inverse interpretation less plausible, but nonetheless
cannot rule it out with the present analyses. These limitations
do not prevent reasonable confidence in this study’s observed
language and cultural identity effects on pain processing.

Conclusion

We provide empirical evidence that language and cultural
identity can interact to alter pain experiences among bilingual
Hispanics/Latinos. Study participants showed higher physio-
logical arousal and reported more intense pain in the language
of their dominant culture. The relationship between language
and pain ratings was mediated by physiological arousal for
culturally Hispanic-dominant participants. These finding hold
relevance in understanding how language and culture shape
perceptual processes and could ultimately be applied to help
mitigate disparities in pain treatment and healthcare satisfac-
tion among Hispanic/Latino populations.
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