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Abstract

Research using psychophysiological methods holds great promise for refining clinical assessment, identifying risk
factors, and informing treatment. Unfortunately, unique methodological features of existing approaches limit inclusive
research participation and, consequently, generalizability. In this brief overview and commentary, we provide a
snapshot of the current state of representation in clinical psychophysiology with a focus on the forms and consequences
of ongoing exclusion of Black participants. We illustrate issues of inequity and exclusion that are unique to clinical
psychophysiology and consider intersections among social constructions of Blackness and biased design of current
technology used to measure electroencephalography, skin conductance, and other signals. We then highlight work
by groups dedicated to quantifying and addressing these limitations. We discuss the need for reflection and input
from a wider variety of affected individuals to develop and refine new technologies given the risk of further widening

disparities. Finally, we provide broad recommendations for clinical-psychophysiology research.
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Clinical-psychological science, like other fields of psy-
chology, is beginning to reckon with historical and
ongoing inequities, especially those related to race and
racism. Race is socially constructed on the basis of
perceptions of physical traits, such as skin color, hair,
and facial features, and has been imbued with opp-
ressive power (racism) through the creation and main-
tenance of a sociopolitical hierarchy (American
Psychological Association [APA], 2021a, 2021b). Racism
and other intersecting systems of oppression (e.g., sex-
ism, homophobia, ableism, classism, xenophobia) are
intertwined with clinical-psychological theory and prac-
tice (APA, 2021a; for a review, see Roberts et al., 2020).

In this overview and commentary, we aim to expand
on recent work examining racial inequities in a subfield
of clinical-psychological science that rests at the inter-
face between body, brain, and mind: clinical psycho-
physiology. Psychophysiological methods hold great
promise for refining assessment, identifying risk factors,
and informing treatment (Hajcak et al., 2019). Clinical-
psychophysiological research can bridge neurological
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and behavioral units of analysis, provide a medium for
cross-species translation, and parse relevant mecha-
nisms in clinical trials. This approach is a core priority
of mental-health-research funding agencies, as exempli-
fied by the National Institute of Mental Health Research
Domain Criteria (Hajcak & Patrick, 2015; Insel, 2015;
Patrick & Hajcak, 2016). Research questions catalyzed
by the continued “neuroscientification of psychology”
have increased demand for psychophysiological
approaches, particularly in clinical psychology (Haslam
et al., 2022). Furthermore, clinical psychophysiology
continues to gain ground as the proliferation of more
affordable and easy-to-use psychophysiological equip-
ment makes these approaches more accessible to
researchers (Kaye et al., 2016; Wilson, 2010).

Clinical psychophysiology is subject to the same
issues of racial inequity that plague other subfields of
psychology. Systematic reviews have shown mistrust in
researchers to be a key barrier to participation of minori-
tized communities (George et al., 2014; Schmotzer, 2012).
Although historical harm by the research and medical
community has caused distrust and hesitance to partici-
pate in research among individuals with marginalized
identities (Kennedy et al., 2007), some analyses suggest
they are often as equally willing to participate in research
when equitably recruited (Fisher & Kalbaugh, 2011;
Wendler et al., 2005). Still, both historically and currently,
psychopathology-research participant samples have
been dominated by individuals with privileged identities,
particularly White, college-educated, cisgender people
(Fisher & Kalbaugh, 2011; Gatzke-Kopp, 2016; Roberts
et al., 2020; Wendler et al., 2005). Because of long-
standing systems of racial oppression, biased representa-
tion has been made invisible, and findings are generalized
as if they were drawn from representative samples
(Helms, 1993; Helms et al., 20006). As one example, a
classic and well-replicated finding in clinical psycho-
physiology is that prepulse inhibition—the dampened
neural response to a strong sensory stimulus when it is
preceded by a weak sensory stimulus—is reduced in
individuals with or at high risk for schizophrenia (Li
et al., 2021; Swerdlow et al., 2014). This finding, con-
sidered a key biomarker of schizophrenia (Donati et al.,
2020), is derived from studies of predominantly White
participants, but the results are presumed to apply uni-
versally—even though schizophrenia is diagnosed up to
2 to 4 times more often in Black individuals than in
White individuals (Jones & Gray, 1986; Olbert et al.,
2018; Schwartz & Blankenship, 2014). Given complex
issues surrounding racially biased diagnostic practices
that may contribute to these figures, it remains to be seen
whether this biomarker applies equally well across less
homogeneous groups (Martinez, 2021).

However, psychophysiology broadly and clinical
psychophysiology specifically also introduce unique
forms of systemic bias that prove especially threatening
to sample representativeness and, as a result, generaliz-
ability of findings. For example, electroencephalography
(EEG) and electrodermal analysis (EDA) depend on
technology originally developed for and refined with
light skin and thin, straight hair (see Webb et al., 2022).
As we discuss, individuals with darker skin and/or curly,
tightly coiled, dense, or voluminous hair are systemati-
cally disqualified at disproportionate rates from clinical-
psychophysiology research using these methods. These
phenotypic characteristics, subject to discrimination
because of technical limitations in clinical-psychophys-
iology research (i.e., “phenotypic bias”; Webb et al.,
2022), are often observed in those racialized as Black,
who are additionally subject to other forms of racial
discrimination in clinical psychology more broadly. This
intersection between forms of oppression in research—
one that may be particularly glaring in clinical psycho-
physiology—results in unrepresentative samples and
biased generalizations. As we discuss, recent advances
in psychophysiological technology risk increasing
this inequity in clinical psychophysiology as well as
other related subfields of psychology (e.g., cognitive
neuroscience).

Clinical and other psychophysiology researchers
have a duty to publish robust, generalizable results.
This duty is especially important given that studies
including psychophysiological measures may be per-
ceived by the public as particularly believable and
trustworthy (Gatzke-Kopp, 2016; Weisberg et al., 2008).
Because results using such measures are seen as more
“objective,” they may be used to justify the develop-
ment and implementation of nonrepresentative assess-
ment tools and intervention approaches that are
mistakenly applied universally. Thus, there is a critical
and immediate need to address inequities in clinical
psychophysiology.

Goals and Scope

We represent a range of career stages, cultural identi-
ties, and disciplines, including psychology, communica-
tion, neuroscience, engineering, private practice, and
the hair-care industry. Our collective goal is to increase
awareness of problems and potential solutions in
addressing diversity, equity, and inclusion in all psy-
chophysiology research using examples from clinical
psychophysiology. To that end, in this commentary, we
focus on issues of racial representation, particularly the
systemic exclusion of Black research participants, in
our subfield’s study samples, recognizing that this is
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only one piece of a larger conversation with implica-
tions for multiple groups. First, we highlight recent
efforts to quantify racial and ethnic representativeness
in clinical-psychophysiology samples broadly and
present results from a new literature review of three
prominent academic journals. We then explore how
phenotypic discrimination against dark skin and curly,
tightly coiled hair in clinical-psychophysiology research
intersects with anti-Black racism to contribute to sus-
tained inequities and exclusion. In doing so, we empha-
size that the problem of underrepresentation in
psychophysiological research lies in the limitations of
current equipment rather than the individuals whose
phenotypic characteristics are not yet equitably served
by psychophysiological technologies. Perhaps most
importantly, we call attention to recent and burgeoning
work on this topic, including snapshots of new data
from groups led by researchers of color who are taking
steps to increase inclusivity in this field. To conclude,
we provide broad recommendations to help clinical
psychophysiologists contribute to a more equitable
clinical-psychological science.

The State of Racial/Ethnic
Representativeness in Clinical
Psychophysiology: A Preliminary
Literature Review

In pursuing reform in clinical psychophysiology, a foun-
dational step is to quantify existing issues with study-
sample composition, including the degree to which
participants of color—particularly Black individuals—
are excluded from this research. However, most
researchers using psychophysiology measures simply
do not report such demographics for their final sample.
In the introduction to a special issue on diversity and
representation in Psychophysiology, the flagship journal
of the Society for Psychophysiological Research,
Gatzke-Kopp (2016) noted that greater than 85% of
Psychophysiology articles in the preceding 3 years were
missing a description of racial demographics. To our
knowledge, this single statistic is the only existing
quantification of the broad state of representativeness
in psychophysiology research.

In an effort to develop a more nuanced picture over
the last quarter century, we conducted a preliminary
literature review of articles from Psychophysiology, which
exclusively publishes research using such methods, and
two prestigious clinical psychology journals that often
publish articles using psychophysiological methods:
Journal of Psychopathology and Clinical Science (JPCS;
formerly Journal of Abnormal Psychology) and Clinical
Psychological Science (CPS). To balance coverage and

efficiency, we used sparse sampling by reviewing and
coding the main text and supplemental materials of
every article published in Psychophysiology during 1997
to 2000, 2007 to 2010, and 2017 to 2020. We also identi-
fied articles from the same three time periods in JPCS
and the latest time period in CPS (because CPS was
established in 2013) that contained psychophysiology
measures by searching in APAPsycNet and SAGE Journals
and cross-referencing with PubMed for any of several
psychophysiology-related terms derived from the Psy-
chophysiology articles found (e.g., “skin conductance,”
“electrophysiology”; for search terms, see the Supple-
mental Material available online). All articles were coded
for article type (e.g., empirical report, literature review),
region of sample recruitment (United States vs. non-
United States), reported sample demographics (including
sex, gender, race, ethnicity), and psychophysiological
methods used. Here, we describe the proportion of arti-
cles that reported racial and/or ethnic sample composi-
tion, and among the articles that did so and used
U.S.-based samples, we summarize the racial and/or
ethnic demographics provided (see Figs. 1-3).

Out of 1,480 articles in Psychophysiology across all
three time periods, we screened out “ineligible” articles
that did not include empirical samples (e.g., commentar-
ies, literature reviews), leaving 1,315 articles. Of these,
only 182 (13.8%) included a description of the sample’s
race and/or ethnicity. Reporting of race and/or ethnicity
increased in 2017 to 2020 (17.7%) compared with 2007
to 2010 (12.1%) and 1997 to 2000 (8.0%). Although
reporting of race and/or ethnicity has clearly improved
following Psychophysiology’s special issue that strongly
encouraged and emphasized the importance of doing
so (Gatzke-Kopp, 2016), it remains inadequate, likely
because it is still not explicitly required by the journal.

Out of 978 articles from the targeted time frame in
JPCS, 161 included at least one psychophysiology term,
of which 38 were deemed ineligible, mirroring the cri-
teria for Psychophysiology (e.g., lacking an empirical
sample or missing psychophysiological measurements),
resulting in 123 articles for analysis. Among these, 62
(50.4%) included a description of sample race and/or
ethnicity. Reporting of race and/or ethnicity improved
across years (1997-2000: 29.0%; 2007-2010: 58.5%;
2017-2020: 56.9%) yet, like Psychophysiology, needs con-
tinued improvement. As an APA journal, /PCS officially
follows the Journal Articles Reporting Standards (Kofalt,
2018), which include clear guidelines for demographics
reporting across all article types. However, this reporting
does not appear to be enforced by the journal.

Out of 155 articles from the 2017 to 2020 time frame
reviewed in CPS, 87 included at least one psychophysi-
ology term, of which 36 were deemed ineligible, result-
ing in 51 articles for analysis. Among these, 38 (74.5%)
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Fig. 1. Participant demographics among the 13.8% of Psychophysiology articles that reported sample race and ethnicity. Vertical
black lines refer to the median percentage of each race/ethnicity across included articles. Note that medians are presented because
of the clear overdispersion of percentage of races and ethnicities; medians will often not sum to 100%. “Another Race” includes
all races not included in the listed categories, including biracial/multiracial individuals.

included a description of sample race and/or ethnicity.
Reporting of race and/or ethnicity in CPS appears rela-
tively frequent, and there is a high likelihood of con-
tinuous improvement with the implementation of new
authorship guidelines. Under new editorship in 2021,
CPS began explicitly requiring reporting of participant
demographics including race and ethnicity.

When viewed across psychophysiology measures,
these early results suggest that the prevalence of racial/
ethnic demographic reporting in clinical-psychophysiol-
ogy articles is beginning to increase but varies across
journals and remains low in general. Given substantial
variability in the number of psychophysiology articles
per journal, differences in reporting rates between jour-
nals should be interpreted very cautiously. We speculate,

however, that articles in a methods-focused journal such
as Psychophysiology may more often focus on assumed
“basic” or “universal” mechanisms and processes than
articles in clinical-psychology journals (i.e., JPCS, CPS)
that may more often focus on clinically relevant mecha-
nisms or applied processes that tend to be studied with
greater consideration of the relevance of demographics
such as racial or ethnic differences.

For those articles reporting racial and ethnic demo-
graphic data, we undertook informal analyses of the
representativeness of their samples. Given our focus in
this article on race and racism in the unique context
of the United States (Ledgerwood et al., 2022), we
restricted these analyses to U.S. samples. Such sam-
ples were identified according to the location of the



Clinical Psychological Science XX(X)

1997-2000
Number of Articles = 8

Number of Articles = 22

2017—-2020
Number of Articles = 26

2007-2010

Indigenous 0

=)

Asian 0 0

Frequency

Hispanic

White 715

0
L |
Another Race {/ AL—T1 135 — —l—l

[

_ i
Black —|\l_|_l_\ 4_‘_‘_|—.

>
i
o

|
1.4

_|_r—|_,
0
13.6
68

71.8

0 25 50 75 100 0

50 75 100 0 25 50 75 100

Percentage of Participants by Race

Fig. 2. Participant demographics among the 50.4% of Journal of Psychopathology and Clinical Science (JPCS; formerly Journal
of Abnormal Psychology) articles that reported sample race and ethnicity. Vertical black lines refer to the median percentage of
each race/ethnicity across included articles. Note that medians are presented because of the clear overdispersion of percent-
age of races and ethnicities; medians will often not sum to 100%. “Another Race” includes all races not included in the listed

categories, including biracial/multiracial individuals.

institutional review board of record, explicitly stated
region of recruitment in the Method section, and loca-
tion of author affiliations. These inclusion criteria
resulted in inclusion sample sizes of 147 articles from
Psychophysiology, 56 from JCPS, and 33 from CPS. The
demographics of these studies are depicted in Figures
1 through 3. In general, when demographics were
reported, minoritized racial identities tended to be
underrepresented compared with White participants.
Note that no article in any of the three journals reported
phenotypic descriptions such as skin color or hair tex-
ture, leading to a reliance on socially constructed cat-
egories of race.

The true representation of minoritized participants
in research samples is likely to be even lower than these
data suggest. There was a small proportion of articles
reporting race and ethnicity; thus, these likely had a
greater proportion of non-White populations than the
broader literature (which often does not report racial
demographics). It is possible that authors who report
descriptions of race and ethnicity are more likely to
recruit more diverse samples and in many cases are
conducting research specifically focused on demo-
graphic differences, thus necessarily increasing the
diversity of their samples. The potential reasons for
exclusion of minoritized participants may also vary by
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Fig. 3. Participant demographics among the 74.5% of Clinical Psychological Science (CPS) articles that
reported sample race and ethnicity. Vertical black lines refer to the median percentage of each race/
ethnicity across included articles. Note that medians are presented because of the clear overdispersion
of percentage of races and ethnicities; medians will often not sum to 100%. “Another Race” includes
all races not included in the listed categories, including biracial/multiracial individuals.

specific psychophysiology measure (for visualization
of data for specific commonly used measures, see Figs.
S1-S3 in the Supplemental Material; Literature review
data and analysis code is available on Open Science
Framework at https://osf.io/hj3mq/) and are discussed
in greater depth below.

EEG: Recent Progress and Areas
for Further Study

Of all clinical-psychophysiology measures, issues of
equity in EEG appear to have gained the most attention
and, consequently, steps toward progress. For research-
ers collecting EEG data, the problem is clear: Current
EEG equipment is not designed for participants with
curly, tightly coiled, dense, or otherwise voluminous hair.

EEG measures neuronally generated electrical signals
on the scalp. As currently designed, this technology
depends on contact between the electrode and scalp,
either direct or through a conductive medium (e.g., saline
geD); any impedance introduces noise into the signal and

degrades data quality (Luck, 2014; see Choy et al., 2022).
Protocols for applying EEG caps prescribe simply moving
strands of hair aside (Farrens et al., 2020), but this step
presumes the participant has thin, straight hair that can
be easily moved away from the intended scalp location.
Moreover, in clinical-psychophysiology research, elec-
trodes are typically embedded in a cloth cap, which
imposes a further assumption that participants’ hair,
when moved, will not push the cap so far away from
the scalp as to impede scalp-electrode contact. Systems
that rely on a chemical gel needed to bridge the scalp
to the electrode require more gel for participants with
curly, tightly coiled, dense, or otherwise voluminous
hair. Larger amounts of gel can be detrimental for
higher-density electrode montages (i.e., those with 64
channels and higher) because gel bridging between elec-
trodes commonly produces signal artifacts. These techni-
cal limitations, based on manufacturer assumptions about
participant hair, make scalp preparation for EEG more
time-consuming, burdensome, and disruptive for individu-
als with curly, tightly coiled, dense, or voluminous hair.
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For participants with these hair types, scalp prepara-
tion is sometimes terminated prematurely, but even
when it is successfully completed, typical EEG equip-
ment often produces noisy data for these individuals
that is then excluded in postprocessing (Choy et al.,
2022; Etienne et al., 2020). When data are included from
participants with curly, tightly coiled hair, signals are
often attenuated because of these technical limitations,
risking the illusion that their neural responses are
blunted when compared with participants with thinner,
straighter hair (Etienne et al., 2020). Furthermore, some
EEG researchers screen out potential participants with,
for example, weaves, dreadlocks, or braids—all of
which are typical hairstyles in the Black community—
because of their perception that it will be difficult or
impossible to secure the electrodes closely enough to
the scalp to achieve an adequate level of contact (Choy
et al., 2022). Note that curly, tightly coiled, dense, and
voluminous hair is more prevalent among individuals
of, for example, African, African American, and Carib-
bean ancestry (Loussouarn et al., 2007), who are more
likely to be socially coded as Black. In these ways, such
individuals are subject to not only phenotypic discrimi-
nation through the shortcomings of EEG equipment but
also the myriad ways racism influences psychological
research in general (e.g., the pervasive provision of
cultural explanations for behavior of non-White indi-
viduals in contrast to psychological explanations for
White behavior; Causadias et al., 2018).

Despite these issues, which are obvious to many in
the field, quantification of the magnitude of the prob-
lem with representation in EEG is sparse. Choy and
colleagues (2022) conducted a “proof of concept” sur-
vey of EEG research articles across 2 months in 2019,
finding that only five of 81 articles (6.2%) reported that
their sample included Black participants, although it
was not stated how many of these articles reported any
demographic information at all. Recognizing the need
for more data, the Biomechanics, Rehabilitation, and
Interdisciplinary Neuroscience (BRaIN) Lab at the Uni-
versity of Central Florida designed a detailed assess-
ment of current practices in the field as part of its EEG
Hair Project. This ongoing survey, available for partici-
pation at https://hellobrainlab.com/research/eeg-hair-
project/, asks EEG researchers and participants about
their own identities, EEG research experience, and per-
ceptions about the influence of hair and other factors
on participation in EEG studies.

As of this writing, more than 200 researchers have
responded. Half (=49%) reported having recorded EEG
data from fewer than five participants who identified
as Black or African American, and the next highest
percentage (=13%) reported having recorded data from
only six to 10 such participants. A majority (=71%)

reported having excluded fewer than five participants
with curly, tightly coiled, dense, or voluminous hair,
but approximately 3% acknowledged excluding more
than 50 such participants. These results, although highly
preliminary, suggest that most researchers lack experi-
ence working with research participants with these hair
types and that at least a small proportion of labs enroll
but exclude them from analyses with regularity. These
preliminary data suggest that the underrepresentation
of Black participants across clinical EEG studies may
be more attributable to initial underrecruitment than
postenrollment exclusion for data-quality issues, at least
in most labs.

The survey also asked about approaches to recording
EEG from individuals with curly, tightly coiled, dense,
or voluminous hair. Some researchers mentioned
insightful solutions, such as flexible scheduling so data
collection could occur just before salon appointments.
Other responses highlighted the continuing demand for
accessible solutions, with researchers noting that they
“never found a solution” or simply “hope for the best”
during data collection. Several respondents voiced an
interest in specific training on collecting EEG from par-
ticipants with often-excluded hair types.

Final results from the EEG Hair Project will deepen
the understanding of the true magnitude of the problem
as well as details about where in the pipeline (e.g.,
recruitment, data retention) the exclusion occurs. In the
meantime, some researchers have initiated efforts to
address these issues. For example, in the first project
of its kind, Etienne et al. (2020) developed electrode
casings that preferentially work on curly, tightly coiled,
and dense hair. Their “Sevo” product resembles a hair
barrette containing a traditional electrode; these clips
are then secured between cornrows that are braided in
alignment with traditional EEG electrode layouts. The
clips specifically harness the quantity and thickness of
curly, tightly coiled hair to stabilize the electrode against
the scalp at the specified site, thus celebrating these
textures and empowering participants. Early trials of
these electrodes suggest that they increase electrode-
to-scalp contact and improve data quality for individu-
als with curly, tightly coiled, dense, or otherwise
voluminous hair; future research is needed to determine
whether such improvements extend to all hair types
(Etienne et al., 2020; Kwasa et al., 2021).

Until such technology is refined and adopted by EEG
hardware manufacturers, other practices can be imple-
mented using existing equipment to obtain higher-
quality data from participants with this hair type. For
example, although presented in the context of hard-
ware improvements, the braiding technique highlighted
by Etienne et al. (2020) is a valuable approach to
increase standard electrode contact. This technique
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does not interfere with the standardized placement of
electrodes, but it adds approximately 15 to 20 min of
preparation time, depending on the size of the head
and the coarseness of the hair. Given that hair braiding
is a culturally familiar process and that scalp prepara-
tion is already often paired with other research tasks
such as questionnaire completion, the relative costs of
this extra time burden for some participants may be
outweighed by the relative benefits of circumventing
standard approaches that could prevent them from par-
ticipating. Still, any approach that may systemically add
time or other burden to a specific group of participants
should be carefully considered from equity and
research-integrity perspectives. More detailed guidance
for hair preparation based on specific hair types—with
multidisciplinary input, including a hair stylist with
expertise in curly, tightly coiled hair—can be found in 4
Guide to Hair Preparation for EEG Studies (Richardson
et al., 2021).

New organizations such as Black in Neuro (blackin
neuro.com) and SPARK Society (sparksociety.org) are
doing important work to raise awareness about sys-
temic racism in brain sciences and empower research-
ers of color, including compiling educational and
career resources online. Black in Neuro also hosts an
annual #BlackinNeuro Week that includes panels, webi-
nars, and other events discussing the existing biases in
neuroscience, celebrating and encouraging researchers
of color, and providing a call to action for others in
the field. These organizations form the foundation of
a necessary and overdue paradigm shift in awareness
of inequity in clinical psychophysiology and related
fields.

EDA: Initial Stirrings and Room
for Growth

As inequity in EEG research gains greater attention,
thanks to the efforts of advocacy groups, bias in EDA
measurements was largely ignored until very recently.
EDA has historically been considered a “gold-standard”
psychophysiology measure of arousal and is often used
to assess conditioned biological responses to a previ-
ously neutral stimulus that has been paired with an
aversive stimulus (e.g., a mild electric shock; Fullana
et al., 2020; Harnett et al., 2019; Kredlow et al., 2017,
Rauch et al., 2012). These “fear learning” paradigms and
associated fear-extinction processes serve as laboratory
models of fear and anxiety. This work establishes an
empirical basis for clinical treatments such as prolonged
exposure therapy for posttraumatic stress disorder.
EDA involves administering small amounts of electri-
cal current, usually to a participant’s hand, and measur-
ing subtle changes in electrical impedance caused by

variations in the sweat response that accompanies
arousal. Detecting these impedance changes is difficult
for multiple reasons, and participant data are often
discarded because of what is deemed too small of a
response (i.e., “nonresponsiveness”). In addition, par-
ticipants can be labeled “nonlearners” when differences
are hard to detect between their response to a condi-
tioned stimulus and a neutral stimulus, also leading to
discarded data.

We propose that instead of labeling these individuals
as nonresponders or nonlearners, researchers interrogate
the inherent biases in EDA measurement. In particular,
individuals who identify as African American or Black
can appear to have lower skin-conductance levels and
smaller conditioned responses than non-African American/
Black individuals (Davis & Cowles, 1989; Janes et al.,
1976; Johnson & Landon, 1965). As a result, Black par-
ticipants are more likely than White participants to have
their data discarded—something shown clearly in a
review of fear-conditioning samples (Kredlow et al.,
2017). Unlike EEG, whether EDA signals for Black par-
ticipants are smaller solely because of technological limi-
tations or additional sources of bias is unclear. Early
research identified phenotypic factors that could affect
EDA measurement fidelity, including number of active
sweat glands (Boucsein, 1992; Kawahata & Adams, 1961;
cf. Thomson, 1954; Wesley & Maibach, 2003), thickness
of the upper layer of the skin (Berardesca & Maibach,
2003; Johnson & Corah, 1963; Weigand et al., 1974),
electrolyte content of sweat (Johnson & Landon, 1965),
skin resistance (Johnson & Corah, 1963; Juniper &
Dykman, 1967), and skin temperature (Thomson, 1954).
The majority of these studies on phenotypic factors were
conducted in an era when research commonly relied on
arbitrary social categories of race rather than thoughtful
experimental design accounting for phenotypic differ-
ences between individuals. Unwarranted assumptions
about biological differences between races (i.e., racial
essentialism) risk exacerbating harmful disparities, akin
to the harms imposed by societal belief in phrenology
and eugenics. For example, Black individuals receive
less treatment for pain because of erroneous assump-
tions about a shared racial biology that confers higher
pain tolerance than White individuals possess (Hoffman
et al., 20106).

Thus far, phenotypic factors have not been clearly
demonstrated to account for racial differences in EDA.
If they do, EDA technology should be made more
robust to such phenotypic variation. Until then, skin-
conductance data must be interpreted thoughtfully,
accounting for all possible contributors to differences
(e.g., Carter et al., 2021; Harnett et al., 2019). Although
the harmful implications of discarding individuals’ EDA
data have been touched on previously (Lonsdorf et al.,
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2019), direct and clear attention to this equity issue has
come only very recently (Webb et al., 2022).

Other Measures and New Technology:
A Caution About the Future of Clinical
Psychophysiology

Although EEG and EDA provide compelling and acces-
sible examples of how psychophysiological approaches
can lack inclusivity, especially for Black individuals, such
problems extend beyond these measures and demo-
graphics. For example, the eye-blink startle response
measured with electromyography is a translational mea-
sure widely used in studies touting direct clinical impli-
cations (Braff, 2010; Grillon & Baas, 2003), particularly
in testing psychopharmacological therapeutics (Grillon
& Ernst, 2020; Kaye et al., 2017). As with EDA, it is com-
mon practice to exclude participants with “small” general-
startle reactivity at baseline, often using arbitrary criteria,
because smaller or harder-to-detect signals are associ-
ated with noisier data (Blumenthal et al., 2005; Bradford
et al., 2014, 2015). Given that recent studies suggest that
individuals identifying as Hispanic, Asian, or Black
exhibit decreased general-startle reactivity compared
with White participants (Correa et al., 2021; Hasenkamp
et al., 2008; Nelson et al., 2014), future work must ensure
that individuals with marginalized social identities and/
or phenotypic characteristics are not disproportionately
excluded.

As psychophysiological technology advances, the
field is at risk of magnifying bias embedded in these
systems. Particularly worrisome is the rapidly advancing
field of biomedical optics, which leverages the scattering
and absorption properties of light in human tissue to
infer underlying anatomy and function. Measurements
by biomedical optical devices are influenced by the
concentration of melanin (Mustafa et al., 2017; Sardar
et al., 2001), the light-absorbing chromophore that gives
skin its pigment. Thus far, optical studies do not typi-
cally report skin color and often use small samples of
exclusively light-skinned participants. This technical
limitation may skew interpretation of data from partici-
pants with darker skin, and the resulting issues of equity
have not yet been discussed.

In one example of the use of optical technologies in
clinical-psychophysiological research, increasing interest
in measuring psychophysiology outside of the lab has
led to the adoption of consumer-facing mobile devices
for research purposes. Commonly used heart rate sen-
sors, such as “fitness trackers” and “smart watches,” rely
on light-based technology that is not currently optimized
for darker pigmented (melanated) skin. These embedded
biases have been highlighted multiple times in the
popular press (Krisch & Schwartz, 2015; Rabin, 2020;

Tayag, 2020) but are only just beginning to be taken
seriously by researchers (e.g., Shcherbina et al., 2017)
and industry.

Just as mobile heart rate monitoring brings potential
for increased bias, so do other optical technologies
designed to be more affordable alternatives to their
research-grade counterparts. For example, functional
near-infrared spectroscopy (fNIRS) has been touted as
a portable and affordable alternative to functional MRI.
However, it has been known by NIRS experts for years
that the technology does not work as well on darker
skin (Wassenaar & Van den Brand, 2005). In addition,
fNIRS requires good scalp contact, similar to EEG, but
the suitability of current designs for diverse hair types
has not been adequately discussed. It is an open secret
in the field that fNIRS works best on fair skin and thin,
blond (unpigmented) hair. In response, Meta Reality
Labs recently funded six research groups to develop
inclusive optical and other psychophysiology technol-
ogy (Meta Research, 2021).

Interpreting Demographic Differences
in Clinical-Psychophysiological Research

Thus far, we have largely focused on how psychophysi-
ological technology is not currently optimized for phe-
notypic variations that map onto minoritized racial and
ethnic groups. These technical limitations often lead to
discriminatory exclusion of data from individuals with
already marginalized identities. In the relatively rare
cases when samples contain adequate representation of
phenotypic and identity-based diversity, some differ-
ences have been demonstrated between racial groups.
For example, as noted above, a blunted startle response
has been observed for Black participants relative to
White participants in some studies (e.g., Hasenkamp
et al., 2008). Findings of this kind could be misinter-
preted as reflecting true biological differences between
racial groups, thus (erroneously) reifying the notion that
race is physical. This is especially likely because of the
privileged nature of psychophysiological findings, which
are commonly viewed as more objective than other psy-
chological research (Gatzke-Kopp, 2016; Weisberg et al.,
2008). However, race is a social construction and must
be differentiated from the phenotypic variations that only
partially overlap with perceived racial categories (APA,
2021b). We have discussed how observed psychophysi-
ological differences among racial groups (e.g., Black vs.
White) could be attributable, at least in part, to limita-
tions of psychophysiological technologies when working
with phenotypic characteristics that are often observed
in a given racial/ethnic group (e.g., dense, voluminous,
curly hair vs. thin, straight hair). However, it is crucial
not to dismiss all observed differences as spurious
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consequences of technical limitations. Other factors,
such as lived experience of racial discrimination, are
likely to contribute to real differences in psychophysiol-
ogy across identity groups, in tandem with these phe-
notypic influences.

Lessons for how to conceptualize these issues in clini-
cal psychophysiology can be learned from cultural neu-
roscience. This field emerged in response to the presumed
universality of the relationships among brain and behav-
ior, regardless of cultural identity, in most neuroscience
research (Chiao & Ambady, 2007). Note that cultural neu-
roscience is concerned with the interactional and multi-
level influences of nuanced sociocultural and phenotypic
factors. Cultural neuroscience was founded with ideas
reminiscent of intersectionality (Crenshaw, 1989), a
framework that “approaches conceptualizing the human
experience through understanding multiple social identi-
ties and how they function in contextualized systems of
inequality” (Grzanka, 2020, p. 249).

Cultural neuroscience provides a medium for inter-
preting racial and ethnic differences in psychophysiol-
ogy. The body is intricately intertwined with other facets
of human psychology such that lived experience influ-
ences physiological functions. For example, minority
stress has downstream impacts on stress reactivity
(Forrester et al., 2019; Huebner et al., 2021; Ruiz et al.,
2018). Language differences are also associated with
brain structure and function (see Kim & Sasaki, 2014).
Furthermore, these social factors can interact with
genetic differences—which contribute to phenotypic
characteristics rather than explicitly to social categories
of race—to produce observed physiological variability
(Sasaki & Kim, 2017). Disentangling the influence of
factors such as lived experience, language, and culture
from the limitations of current psychophysiological mea-
sures is immensely challenging and will depend, in large
part, on improvements in psychological science broadly.

In the meantime, one step may be to conduct post hoc
analyses to test whether demographics account for vari-
ance in psychophysiological responses (Webb et al.,
2022), but making such inferences is impossible without
adequate representation of each demographic in such
samples. Even with adequate representation, psycho-
physiology studies must continue to increase their typical
sample sizes, which are often statistically underpowered
for the detection of even medium-sized focal effects—
much less the post hoc assessment of potentially small
demographic differences (Correa et al., 2021). Another
potential approach is to exclude as little data as possible
by including data from participants with even the smallest
signals. Researchers could then include participants’ gen-
eral or baseline response as a covariate in statistical
analysis to account for increased noise caused by short-
comings of the equipment (Bradford et al., 2014, 2015).

However, researchers must be careful when attempting
to “control for” differences they believe are caused by
bias in psychophysiological equipment because doing so
may inadvertently parse out meaningful demographic
variance of interest if it correlates with nuisance vari-
ance caused by equipment bias (Miller & Chapman,
2001). Finally, another approach to disentangling demo-
graphic differences attributable to technical issues with
diverse phenotypes versus cultural differences of interest
is to include multiple measures of social identity and lived
experience. These decisions should be made in accor-
dance with theory (see e.g., Mereish & Miranda, 2021).
For example, if differences in EEG between Black and
White participants are theorized to reflect minority stress,
the study should explicitly measure minority stress and
key covariates, such as self-reported hair texture, rather
than relying on a single racial categorization as a proxy
for both these potential mechanisms of physiological
difference. Clearly, addressing these issues will require
continued methodological and statistical work from a
variety of affected individuals prioritizing social justice
appropriately.

Broad Recommendations for
Researchers Using Psychophysiology

Above, we suggested approaches to reduce inequity in
EEG and EDA research. Below is a list of broad recom-
mendations that cut across measures. We recognize that
inequity in clinical psychophysiology is systemic, and
addressing it will require a “top-down” approach with
buy-in and action from powerful institutions (e.g., govern-
ment agencies, funders, university departments). We
wholeheartedly support the many thoughtful appeals pre-
viously made to individuals with the most power, includ-
ing calls to address racial disparities in grant funding and
earmark funding for equity-focused initiatives (Harnett &
Ressler, 2021; Settles et al., 2020). At the same time, many
readers of this article will not possess the institutional
power to implement such suggestions. Accordingly, we
provide actionable recommendations for researchers cur-
rently conducting or starting clinical-psychophysiological
research. These recommendations have the potential to
improve inclusiveness by increasing the fidelity of research
with not only Black participants but also a range of people
who differ from White individuals in terms of skin color
and hair texture (e.g., Latine, South Asian).

Review your lab’s current practices

Recent public and scientific movements have provided
a “conversation starter” to identify and address inequi-
ties in science. Practically speaking, clinical-psycho-
physiological data collection is slow-moving or even
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paused because of the ongoing COVID-19 pandemic.
These circumstances provide an opportunity for reflec-
tion and planning. Recommendations and resources
highlighted above and below can provide a starting
point. We acknowledge that adjusting recruitment
and data-collection procedures to increase inclusivity
requires substantial time and effort; this undertaking
can and should be reported to evaluators as a valuable
project during data-collection downtime. As funding
agencies and academic institutions continue to publicly
reinforce their stated commitments to diversity, equity,
and inclusion, researchers must remind them to
acknowledge (i.e., “count” and potentially reward) this
valuable work. Once lab-level policies have been
reformed, they should be revisited periodically as best
practices evolve.

Be transparent in reporting of sample
demographbics and exclusions

As attention to diversity in clinical-psychophysiology
samples grows, researchers may feel hesitant to high-
light the lack of diversity in their studies and even more
so to report that they disproportionately excluded indi-
viduals on the basis of phenotypic characteristics. As
outlined above, significant barriers prevent researchers
from collecting adequately representative samples in
clinical-psychophysiology studies, and unfortunately,
lack of diversity is still the norm (Rad et al., 2018). The
demographics of final samples and excluded individu-
als must be reported transparently to aid efforts to
quantify the magnitude of these problems and further
justify (re)direction of resources toward their solutions.
These efforts may be best aided if researchers collect
and report not only self-reported race and ethnicity but
also phenotypic characteristics, such as skin color and
hair type, which may be more directly tied to the short-
comings of current psychophysiological approaches
(e.g., Monk, 2015). Reforms such as fully online journals
and exclusion of method sections from word counts
further facilitate the thorough description of sample
characteristics. For example, CPS now requires detailed
reporting of participant demographics or acknowledg-
ment of a lack of such detail as a weakness, consistent
with the journal’s designation of diversity and repre-
sentation as a priority area (Drew, 2020).

Bring typically excluded affected
individuals to the table

Consistent with well-established but chronically under-
funded approaches such as community-based participa-
tory research (Chen et al., 2012; Ciccarella et al., 2018;
Sandoval et al., 2012; Wallerstein & Duran, 2008),

researchers can engage affected individuals with diverse
demographics characteristics and various lived experi-
ences, allowing cultural translation through the exper-
tise of native speakers and community partners. This
will help ensure equity in all aspects of a research
project. For example, researchers can organize focus
groups with Black women to identify potential barriers
to participation in EEG research and codevelop solu-
tions. From information gathered during these focus
groups, researchers might modify, for example, recruit-
ment and study materials to use more inclusive and
equitable content and language that address concerns
about how EEG may affect hair or create an inconve-
nience, especially for individuals with hairstyles that
require significant time and financial investment. For
instance, recruitment materials might state that the hair
gel is water-soluble or, if using dry electrodes, specify
that study participation does not involve the use of hair
gel. Researchers might also modify their recruitment
procedures, such as explicitly offering flexible schedul-
ing to accommodate participants’ individual hair-care
routines or wash cycles.

Data collection for measures such as EEG can be
aided by partnerships with local hair stylists who have
expertise in specific hair types. Such partnerships can
be facilitated by recruiting trainees with existing con-
nections to their local communities. For example, the
BRalIN Lab recruited a local Black hair expert only after
successfully recruiting a Black graduate student who
inquired with the student’s local network of natural-
haired individuals. For researchers privileged enough
to be in such a position, start-up or other funds could
be earmarked for building these partnerships. Social
media (e.g., Twitter, open-membership academic Slack
groups) also facilitates connections among typically
siloed groups and disciplines. In addition to directly
improving representativeness and sociodemographic
nuance in ongoing research, these practices would help
to address the lack of diversity in authorship of pub-
lished papers in psychology (Nunes, 2021).

Leverage the unique consumer power
beld by psychophbysiology researchers to
encourage inclusive change in bhardware

Psychophysiology equipment is highly specialized, and
manufacturers are exceptionally responsive to the
requests of their small user bases. As a result, research-
ers have unique leverage to change problematic techni-
cal norms in clinical psychophysiology. We have
personal experience with our mentors or colleagues
requesting modifications to psychophysiology hardware
to suit their lab’s specific needs (e.g., the addition of a
new cable connection), with these changes implemented
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in the product’s next standard iteration. Likewise, clin-
ical-psychophysiology researchers can advocate for the
design and production of new equipment that addresses
the pitfalls of current technology outlined above. With
the continuing development of methods that ignore
diversity in skin color and hair texture, phenotypic dis-
crimination has the potential to become even more
severe going forward if these limitations go unad-
dressed. Researchers must assert abandoning “color-
blind” approaches in engineering psychophysiological
equipment and hold manufacturers accountable as new
technologies emerge.

Support existing efforts to improve
clinical psychophbysiology

As highlighted above, organizations such as Black in
Neuro and SPARK Society are making great strides in
increasing awareness of representation issues in clinical
psychophysiology for both the general public and sci-
entific communities. Interested researchers can contrib-
ute to such societies by joining and/or donating money
and resources. Researchers can also participate in
efforts such as the EEG Hair Project survey to aid in
quantification and understanding of recruitment and
exclusion practices. Aside from providing their own
insight, one low-cost—but potentially high-impact—
way for researchers to support these efforts is to share
them in their circles through social media and labora-
tory or department websites.

Support can also occur at a more local level. Although
much has been written about the need to recruit scholars
with marginalized identities (McCormick-Huhn et al.,
2019), there has been less discussion about providing
the continued support and systemic restructuring needed
to retain those individuals in science (De Los Reyes &
Uddin, 2021; Settles et al., 2020). Researchers can work
to support these individuals—even when they do not
know them personally—by centering and elevating their
voices in research (Sukhera & Palaniyappan, 2021). It is
also important to adopt and encourage intersectional
thinking while combating systemic biases stacked against
marginalized researchers and their disciplines (Settles
et al., 2020). Although these suggestions are not specific
to clinical psychophysiology, the relative specialization
of this discipline facilitates awareness of new research
by junior scholars with marginalized identities as well as
the ability to network at relevant conferences. Finally,
even if researchers do not independently study issues of
marginalization as a core content area, they can offer
expertise in a given psychophysiological approach,
quantitative modeling, or other specialized areas to such
projects, thus contributing to the evolution of the field

in a more equitable direction (Uddin & De Los Reyes,
202D).

Concluding Remarks

Clinical-psychophysiological research holds great prom-
ise for refining assessment, identifying risk factors, and
informing treatment. Despite continually increasing
adoption of and enthusiasm for this approach, critical
issues of representation and equity have been neglected.
Consequently, the potential for this research to inform
psychological interventions that decrease disparities and
increase equity in mental health is lost. As anti-racism
campaigns for systemic change slowly gain traction,
researchers can take steps to increase inclusivity both
immediately and over the long term and, in doing so,
help ensure a more equitable future for clinical psycho-
physiology. Stated succinctly, clinical-psychological sci-
ence is at an inflection point: “The time to reimagine
our discipline is now” (Ledgerwood et al., 2022).
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