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Across the brain sciences, institutions and individuals have begun to actively
acknowledge and address the presence of racism, bias, and associated

barriers to inclusivity within our community. However, even with these
recent calls to action, limited attention has been directed to inequitiesin
the research methods and analytic approaches we use. The very process
of science, including how we recruit, the methodologies we utilize and the
analyses we conduct, can have marked downstream effects on the equity
and generalizability of scientific discoveries across the global population.
Despite our best intentions, the use of field-standard approaches can
inadvertently exclude participants from engaginginresearch and yield
biased brain-behavior relationships. To address these pressing issues,

we discuss actionable ways and important questions to move the fields of
neuroscience and psychology forward in designing better studies to address
the history of exclusionary practices in human brain mapping.

Thefields of neuroscience and psychology have advanced our under-
standing of the mechanisms of cognition and behavior through the var-
ied thoughts, ideas, and perspectives of our fellow scientists. However,
thereis also along history of both explicit and unrecognized racism
inneuroscience and psychology. As aresult, despite agroundswell of
support to further diversify the neurosciences through the inclusion of
traditionally minoritized and marginalized populations of scientists' ™,
thereis muchworkyettobe done. Moreover, the recent societal awak-
eninginresponse to the murders of Black individuals in our community
(while also recognizing centuries of Black suffering and pain) has drawn
attention totheimpactofracisminsociety and the corresponding need
for profound changes across academia. While this attention has been
placed onrecruitment and training through hiring, promotion, and
retention, much less thought has been paid to the process of scientific
discovery. Here, the brain sciences face a complex and multifaceted
problem, inthat the existing researchis primarily collected in ‘Western’

countries and focused on majority populations fromrelatively homoge-
neous demographic and environmental circumstances’. A primary goal
ofneuroscienceis to discover the fundamentalrules that link the brain
tobehavior. However, the participants we study, how we advertise and
recruit, the data collection methods we use, and the statistical analyses
we conduct can have a marked impact on the reliability, equity, and
generalizability of our scientific discoveries.

Historically, beliefs concerning one group’s racial and ethnic supe-
riority have been masked beneath the guise of scientific rigor and
objectivity®. For instance, the physiognomic theories, popularamong
many 18th-and 19th-century European scientists, pathologized devia-
tions fromtheidealized facial features of Western Europeans, and the
use of craniometry (skull measurements) wrongfully proposed causal
explanations for race and sex differences as they relate to intelligence’.
This scientifically couched racism was carried through the end of the
19thandbeginning of the 20th century in the work of Francis Galton and
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others, whoinfamously advocated for theimprovement of populations
through eugenics and selective breeding®. Within the United States, this
ideology was reflected in the forced sterilization of tens of thousands
of Americans, largely working-class women of color, and Better Baby
contests, which featured explicitly racist ‘biological’ explanations to
judge infant health’. Here, non-white babies were deemed ‘defective
and heritability inferior, and thus more susceptible to dysfunctional
neurological development. This work has been echoed in more recent
claims of genetic factors underpinning different levels of intellectual
functioning and social mobility in Black and European Americans'.
Although the generational trauma and pernicious effects of these
theories are still evident in our society, such approaches are now gen-
erally viewed as repugnant to modern scientists. However, despite a
field-wide rejection of explicitly racist theory and the associated misuse
of scientific methods tojustify racial discrimination, less attention has
been paid to arelated and systemicissue inthe field. Here, we point out
that discriminatory practices and beliefs existin neuroscience and psy-
chology, specifically inthe unintended yet systematic methodological
exclusion of minoritized groups as evidenced in our research methods
and analytic approaches.

Recruitment
Biased sampling in neuroimaging research can fundamentally distort
ourunderstanding of brain-behavior relationships. In this Perspective,
we highlightissues pertaining to data collectionin ‘Western’ countries,
with a particular focus on the United States of America and the United
Kingdomasthe associated datasets are widely used to make inferences
in a global context. Additionally, we primarily focus on the exclusion
and marginalization of Black populations (see Box 1for a discussion of
associated impacts across other communities). Despite broad acknowl-
edgment of issues associated with the recruitment of demographically
restricted populations, the students, staff, and families affiliated with
prestigious research institutions in America and Europe continue to
be overrepresented in human research’. This biased approach to data
collectionis evidentacrossbasic, applied and clinical research". The US
Food and Drug Administration, as one example, has recently released
planstoincrease clinical trial participation fromunderrepresented racial
and ethnic populations™. Here, Black and Hispanic/Latino Americans
make upjust 5% and 1% of participants, respectively. Moreover, accord-
ingtothe2018-2021 National Institutes of Health (NIH) Research, Condi-
tion and Diseases Categorization (RCDC) Inclusion Statistics Reports,
which record the percentage representation of participants in human
studies across America, white participants are still overrepresented in
humanresearch, as the median percentage across all NIH neuroscience
studies was~70% (Fig.1)". According to the 2021 US Census, 59.3% of the
populationis white and not Hispanic or Latino. Conversely,18.9% of the
populationis Hispanic. This reflects asubstantial bias in study recruit-
ment and participation relative to the reported NIH demographics.
This under-recruitmentis evidentacross minoritized communities. As
reportedinthe census,13.6% of the populationis Black or African Ameri-
can, 1.3% is American Indian and Alaska Native, 6.1% is Asian and 2.9%
is multiracial. Critically, this demographic snapshot masks sweeping
and ongoing societal changes. For instance, in the United States, since
2018, white non-Hispanic residents have made up less than half (49.9%)
ofthe nation’s population under the age of 15. This is reflected broadly
at the generational level, where the percentage of white non-Hispanic
members of each generation has steadily declined, from baby boomers
(71.6%) through Generation X (59.7%), Millennials (55.1%), and Genera-
tion Z (50.9%). Millennials and Generation Z provide the bulk of par-
ticipants for most cognitive neuroscience research, as they reflect the
individuals who are oftenaccessible at academic institutions and inthe
surrounding communities.

The demographic pattern noted aboveis evidentacross large-scale
neuroimaging collection efforts. The UK Biobank, the largest neu-
roimaging database collection in the world, includes ~95% white

BOX1

The broad impact of
exclusionary approaches across
populations

The tendency to consider ‘whiteness’ and ‘maleness’ as the norm
within the biomedical sciences can constrain the recruitment tools
and methods utilized, leading to imagery, contexts, and channels
of distribution that are not welcoming or accessible to a diverse
group of potential participants. While this Perspective focuses on
the exclusion and marginalization of Black participants, similar
arguments can be extended across other minoritized, marginalized
and Indigenous populations, encompassing demographic
characteristics including biological sex, gender identity,
bilingualism, neurodiversity, disability, educational attainment, and
immigration status. We highlight a few examples below.

e Issues related to data collection from individuals with dark skin
tone and/or curly hair can also apply to South and Southeast
Asians and Pacific Islanders. Eye-tracking technologies can
present systematic biases, particularly when comparing Asian
and white participants’.

o Despite 13% of the US population speaking Spanish at home’”
and 31% of the Hispanics and Latinos in the United States
reporting that they speak English less than ‘very well”’%, the
substantial majority of research studies and publications are
conducted solely in English’*®°, presenting a critical barrier
when recruiting non-native English-speaking communities.
Highlighting the feasibility of providing accessible study
materials, the ABCD Study recruits from and provides research
materials for Spanish-speaking families. Probably as a direct
result of this outreach, ~20% of ABCD participants are
Hispanic/Latino.

e Demographic forms often neglect important phenotypic
characteristics or provide a narrow range of options (weight,
gender, sex assigned at birth, and race). For instance, restricting
participant responses to heteronormative sex and gender
choices can be intrusive and pressure nonbinary, intersex and/
or transgender participants into making selections that they do
not want to choose. Another notable issue is the restricted size
of the bores in most research MRI machines. Here, individuals
with large frames and/or those who are morbidly obese are
excluded from MRI studies. Obesity has been demonstrated
to be dependent on income, education, race, and ethnicity. In
the United States, for instance, non-Hispanic Black people have
higher a prevalence of obesity than non-Hispanic white people®'.

participants'. Another large US-based neuroimaging consortium,
the Human Connectome Project (HCP), comprises 76% white individu-
als'®”_ However, evenininstances where these samples are broadly rep-
resentative of the demographics within agiven country, suchasthe HCP
and the UK Biobank™®, sampling generalizability issues become ampli-
fiedwhen utilizing datasetsin a global context where white individuals
represent just 12% of the world’s population’. The NIH is one of the
largest scientific funders, butitisimportant to note that the associated
initiatives are often and explicitly not available to fund research pro-
jects and scientists outside America. As a consequence, it is primarily
research groups within wealthier countries that possess the necessary
resources to conduct in vivo imaging work. One of the most critical
issuesindiverserecruitmentis the overreliance on convenience-based
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Fig.1|In the United States, white and non-Hispanic or Latino participants
are overrepresented in human neuroscience research. Bar graphs reflect
the inclusion of median percentage statistics by race and ethnicity. Data were
acquired from the NIH RCDC Inclusion Statistics Reports from fiscal years
2018-2021 (ref.13).

recruitment practices; even demographically balanced recruitment
within a catchment area can reflect sampling bias when contrasted
with otherregions. Moreover, these high-throughput studies provide
the primary opportunity for well-powered genome-wide association
studies in the context of brain imaging. Here, a key concern relates
to population stratification, or the presence of undetected popula-
tion structure whereby individuals may systematically differ in both
genetic ancestry and cultural or environmental factors that can influ-
encethe phenotype underinvestigation. The most direct way to avoid
biases associated with population stratification is through the use of
genetically homogeneous populations. As such, ancestrally mixed and
non-European populations are almost universally excluded from asso-
ciated genetic analyses. This lack of diversity in existing, well-powered,
imaging genetic datasets probably arose as a result of both scientific
and logistical challenges, such as difficulty recruiting participants from
minoritized populations as well as the unequal distribution of research
funding across institutions and countries. Regardless of how these
barriers may have emerged, the exclusion of minoritized groups from
humangenetic research has the potential to exacerbate existing health-
care disparities, as discoveries in genetics and/or neuroimaging are
increasingly being used to improve illness treatment and prediction.
Where possible, researchers should consider recruitment designs that
morebroadly generalize to national and/or global populations. Much of
theresearch on cognitive and psychological processes and associated
brainfunctionsis derived from mostly white, college-educated, young
adult participants. This limits the extent to which discoveries can be
generalized beyond a very specific set of demographic and environ-
mental circumstances’. Expanding the scope of our recruitment efforts
is critical for uncovering shared, or unique, brain-behavior relation-
shipsacross populations, understanding how biological processes may
be modulated by environmental experiences to influence phenotypic
expression, and fostering diversity and inclusion in the brain sciences.

To address the overrepresentation of white males in biomedical
research, the NIHimplemented a policy in 2015 urging American scien-
tists toinclude sex as a biological variable and to diversify the human
participant pool®. Although the recruitment of female participants
was neglected in the past, biomedical research has made considerable
progress since the NIH mandated the enrollment of women in human

clinical trials in 1993. For example, in large-scale collection efforts
suchasthe HCP and Adolescent Brain Cognitive Development (ABCD)
Study, considerable effort has been put into balancing associated
sex distributions. This change in recruitment priorities is observable
across countries; for instance, there is a 52% female and 48% male sex
distributionin participants with available anatomical and/or functional
imaging datainthe UK Biobank dataset™. Yet despite this progress, the
study of sex or gender differences in neurobiology is far from settled.
Forexample, most researchinthis areaneglects the potential influence
of the menstrual cycle on both brain and behavior, and sex-linked or
gender-linked biasesin self-report and task performance are often not
considered. Unfortunately, sex-based analyses remain limited, as many
research studies fail to quantify their samples by sex®.

Perhaps even more concerning, if we make a concerted effort to
increase recruitment of participants from marginalized communities,
there may still be a reluctance for Black, Indigenous and minoritized
populations to participate inresearch. Broadly, this reluctance follows
generations of unethical and at times gruesome treatment** >, While
some of the sources of medical and scientific mistrust in minoritized
communities are common knowledge in academic circles, such as
the Tuskegee experiment in which syphilis was left untreated in Afri-
can American men, leading to nearly 100 deaths**?, other historical
events are less well known. From the involuntary surgeries of James
Marion Sims? to the intentional infection of thousands of uninformed
and non-consenting Guatemalan people with sexually transmitted
diseases®** and the cervical tissue samples of Henrietta Lacks, taken
and distributed without her consent®, these previous actions by some
members of the scientific community have left many individuals under-
standably wary of the entire medical and scientific establishment®.
Critically, these abuses are often explicitly referenced when people
from minoritized groups are asked to detail their reasons for their
current and ongoing mistrust of the medical and academic research
communities®. The presence of distrust of the scientific and medical
establishment has been extensively studied and well documented,
and continues to present a formidable barrier to research participa-
tionamong marginalized populations®?*~¢, In part, this also emerges
fromrecent experiences of disrespect, devaluation, and discrimination
toward minoritized communities, contributing to skepticism and
distrust of academic and medical research®*"*, These concerns, and
their associated societalimpacts, were particularly evidentrecently in
hesitancy in COVID-19 vaccine adoptionin minoritized groups®. Given
this history, acomplementary step must be the conscious acknowledg-
ment of these past wrongdoings and the associated trauma as we take
steps toward diversifying participant recruitment (Box 2).

Methodology
There has been arecent focus on methodological exclusion and phe-
notypic biases against dark skin tone and coarser hair in electroen-
cephalography (EEG) or functional near-infrared spectroscopy (fNIRS)
research*®~**. Phenotypic biases against dark skin tone and curly hair are
present in optical imaging, which requires adequate contact with the
scalp andisinfluenced by melanin**. Asaresult, participants with darker
skin pigmentation and coarser hair (for instance, a large subset of the
Black and Hispanic/Latino populations) are often excluded from EEG
and fNIRS studies***. Excitingly, Etienne and colleagues have recently
designed methods for obtaining high-quality EEG readings from indi-
viduals with coarse and curly hair, to address this systemic collection
biasin EEG studies*. However, these approaches have yet to be widely
adopted, with nearly half of EEG researchers reporting having recorded
data from fewer than five Black-identified or African American-identified
participants*, and similar attention has been lacking in other imaging
approaches, such as functional magnetic resonance imaging (fMRI).
Barriers to participation, poor data quality, and biased signals can
affect the dataacquired and conclusions drawn from MRIstudies as well.
We need to deepen our understanding of how cultural biases and racism

Nature Neuroscience | Volume 26 | January 2023 | 4-11

6


http://www.nature.com/natureneuroscience

Perspective

https://doi.org/10.1038/s41593-022-01218-y

BOX2

Mitigating structural racism in research recruitment,

methodology, and analysis

e Science communication: researchers should actively seek to
communicate the importance of science to underrepresented
communities, advancing public understanding.

e Remove financial barriers: researchers should reconsider the

payment method and compensation for study participation.

Core facilities and reimbursement schedules are often designed

for university undergraduates, not individuals from the general

population; therefore, it is important to consider accessibility for
participants (for example, time spent traveling, distance from
mass transit, cab vouchers, childcare, and parking).

Community partnerships and recruitment: researchers should

recruit from beyond the boundaries of academic institutions.

Ideally, inclusive sampling should include active partnerships

between patients or the public and researchers (patient and

public involvement (PPI)). Here, a crucial distinction should be
made between inclusion (studying diverse cohorts) and inclusivity

(consulting diverse groups as part of PPI)®.

e Remove methodological barriers: researchers should provide

culturally appropriate study materials. As one example,

individuals with religious hair coverings can be excluded

from MRI, EEG, or fNIRS research studies. At a minimal cost,

researchers could provide MRI-safe hijabs, turbans, and bonnets,

or EEG electrodes suited for individuals with coarse and curly
hair. Researchers should advocate for the purchase of research
instruments accessible to a range of body types, such as MRI
machines that allow for the recruitment of participants weighing
>250lbs. Although the general standard limit of MRl machines is
3501bs®, it becomes increasingly hard to have individuals above
2501bs in the scanner, as it can begin to feel uncomfortable and/
or claustrophobic, and safety issues may arise as participants
encroach on the sides of the bore.

Demographic collection and reporting: the role of race in human

neuroscience and psychology research is largely neglected, and

are entangled with the methodology we use. Consistent with the issues
noted above, something seemingly asinnocuous as an individual’s hair-
style can present a considerable barrier to recruitment. In MRI studies,
there canbe difficultiesinfitting anatural hairstyle (that is, afro-textured
hair, dreadlocks and/or braids) into the constricted space of the head
coil. In addition, sew-ins and hair extensions, common styles worn by
Black women, can contain metaltracks thatline the scalp or have metallic
threadswoveninasadecorative element***. These tracks can pose arisk
inthe magnetic field of the scanner environment and makeit difficult for
researchersto collect usable study data. Magnetic susceptibility artifacts
can also emerge from products commonly used in Black hairstyles**.
Unfortunately, while the systemic consequences of these data collection
nuances are often overlooked by researchers and neglected as a part of
operator training, these exclusionary barriers have considerable down-
stream consequences on the demographics of the datasets we collect.
Lastly, current MRI methodologies create signal bias. Functional
MRI detects a blood-oxygen-level-dependent (BOLD) signal when
imaging the brain. The BOLD signalis dependent on changes in deoxy-
hemoglobinlevels, driven by changesinblood flow. In the United States
for instance, risk of chronic medical issues varies by population. For
example, Wang and colleagues have found differences in heart rate
variability, a measure of cardiac health, between African American

most publications fail to report the race or socioeconomic

status of study participants®*-°. Moreover, <1% of human
cognitive neuroscience research articles published from

August 2018 to August 2019 have examined their outcomes

with respect to race, ethnicity, or socioeconomic status.

Here, researchers should explicitly report the participant
demographics in publications, acknowledging the regulatory
differences that may constrain the collection and dissemination of
demographic data across countries.

e Accessible and diverse study materials: researchers should
prioritize creating and/or administering dual-language
assessments. In addition, the use of diverse stimuli (for example,
RADIATE facial stimuli set)®’” should be prioritized.

o Institutional and staff training: research institutions should
require investigators and staff to complete an annual compliance
assessment on phenotypic bias in research practices. Additionally,
some barriers may not be addressable due to technological
constraints; where possible, training should be made available
to study staff (for example, hair braiding and awareness of
associated issues).

o Call for action: perhaps most critically, individual researchers can
actively advocate for inclusive research practices (for example,
stimuli selection and task design, participant screening and
associated demographic batteries, study site accessibility) and
method development (for example, new fNIRS/EEG cap structures
or open MRI bores with higher weight limits). This should happen
within laboratories, departments, institutions, societies and
funding agencies, including calls to action to debate, design,
and disseminate best practices for neuroscientific research. One
example of this would be through the formation of a Committee
on Best Practices in Data Analysis and Sharing (COBIDAS) focused
on fairness, equity, and generalizability in academic research, as
for example in ref. 88.

and white American youth®. Study results may be influenced by the
presence of increased illness rates in Black Americans®, for instance
respiratory illness, which canimpact measures of both peripheral and
cerebral vascular physiology®, as well as diabetes, where elevated
blood sugar over time damages the blood vessels in the brain that
carry oxygen-richblood” . Additionally, the prevalence of hyperten-
sion in Black and Hispanic/Latino Americans is greater than in white
non-Hispanic Americans*. Previous work also demonstrates that a
proportion of BOLD signal time courses can result from neurovascular
changes in blood pressure®>”. Considering that there are racial and
ethnic differences in blood pressure profiles®**, it can be postulated
thatthereare variationsinthe BOLD signal related to race and ethnicity.

Biased signals can also emerge through our measurements of
behavior, cognition, and peripheral physiology. Pulse oximeters and
eye-trackers are often used in conjunction with neuroimaging technol-
ogy, but they canresultin poor data quality for asubset of participants.
Pulse oximeters rely on measuring the scattering and absorption of
light to assess blood oxygenation, by which the recoverable signal
monotonically decreases as melanin increases**. Further, the use of
acrylic nails, which are more popular among women, can also make it
difficult for the light to penetrate and receive an accurate signal with
pulse oximeters®. Thesocietal-level structural components of racism
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BOX3

Unanswered questions about
exclusion in neuroscience and
psychology research

¢ What is the impact of structural racism on the brain? Initial
work has begun to examine the associations between lived
experiences of racism or adversity and neurobiology®>®°, yet it is
not yet clear to what extent associated experiences and societal
factors underlie observed interindividual differences.

¢ Which phenotypes are most affected by racially exclusionary
practices? Race is a social construct. Associated environmental,
geographic, cultural, and societal factors can have variable
downstream effects across a host of observed brain-behavior
relationships. Future work should characterize the extent
to which the identification of brain-behavior relationships
and associated predictive models are biased by sample
demographics.

e Can we quantify and subsequently mitigate the distrust of basic
research in academia? While there are numerous personal
accounts of exclusion and distrust among potential participants
and a robust literature examining the hesitancy of minoritized
populations to participate in clinical trials, we do not yet
know the full scope of the impact of exclusion and distrust on
cognitive neuroscience and psychology research. Establishing
the extent of these issues will be critical as we seek to address
meaningful change in our recruitment practices.

e Which structural barriers to study participation are the most
critical to address? There are some notable, but isolated,
examples suggesting the use of accessible study materials to
increase the recruitment of minoritized populations (Box 1).
However, we do not yet know which structural factors present
the most meaningful barriers to participation or their associated
impacts on recruitment.

e How can we adequately measure the effects of local
demographics and convenience sampling to ensure that diverse
samples of people are prioritized in scientific practice? In the
United States, the NIH has released data on the inclusion of
participants by race and ethnicity’. However, these data are
from a restricted time frame and reflect broad numbers across its
agencies. Additional data are necessary to assess the impact of
demographics across a range of time frames, generations, and
catchment areas.

canbleedinto the study scales, tasks, and measures we collect. Thisis
evident across a host of measures, such as participant responses to
outgroup faces through familiarity with seemingly innocuousimages,
which canimpact bothimmediate responses and potentially perpetu-
ate associated biases in long-term memory®. Evenincome inequality,
whichis oftenstratified across societies by race, culture, and ethnicity,
can bias participants’ responses to study manipulations® as well as
their expectations and valuation of their monetary compensation for
participation®>®*, Thus, current experimental designs and statistical
models, focusing on aone-size-fits-all approach, may skew understand-
ing of our increasingly diverse population®*®°, while many research
groups have not collected the necessary health and demographic data
toaccountfor these biasing factors. Critically, this can extend beyond
factors associated with race and ethnicity, influencing observed results
across individuals who might defy sample stereotypes®.

Analysis and beyond

Racial biases permeate our analyses asadirect result of the issues plagu-
ing recruitment and data collection. Perceived race, on the part of
participants, researchers and funding agencies, can be viewed in many
ways as a socially constructed category encompassing geographic
origins, ancestry, culturalnorms and traditions, as well as other histori-
cal factors. Traditionally, neuroimaging analyses have largely sought
to regress out the effects of race to simplify analyses and subsequent
interpretations. However, when oneregresses out these effects, it can
remove crucial information capturing race-specific variability and, in
someinstances, introduce omitted variable bias, which could mask and/
or spuriously generate effects of interest. As an alternative, analyses
considering how race interacts with the study variables would have
the potential to reveal any race-related differences between groups,
providing additional information on how relationships may differ
across populations and associated demographic and environmental
features. Calls for sex-specific reporting of data and sex-aggregated
analyses have been made to address sex bias and sex omission®. Simi-
larly, race-specific reporting of data and race-aggregated analyses
must also be implemented to address racial bias and racial omission.

Inrecent years, large-scale open-access neuroimaging datasets
have served as a key resource to uncover neurobiological correlates
of behavior. As mentioned above, these datasets are largely homo-
geneous, in part reflecting local demographics, and present inher-
ent racial biases in the available data®. As a result, brain-behavior
associations that are identified in these high-throughput datasets
continuetobe primarily driven by the dominant, or most represented,
population, and findings are prone to interpretation bias, particularly
when applied across demographic groups. Recent work from Li and
colleagues evaluated racial bias in predictions of behavior based on
functional connectivity and found that statistical models were able to
more accurately predict behaviors in white participants than in Black
participants, highlighting the need for cautionin generalizing applica-
ble findings™. Other work investigating biases across races and sexes
has revealed unfairness in the extent to which models are accurately
able to predict behaviors in one population relative to another (that
is,inaparticular race or sex). Therefore, brain-behavior associations
captured by these models are representative of the specific populations
they were trained on as opposed to the general relationships across the
populations'®®®, Even the use of field-standard covariates, such as the
proportionalintracranial volume correction for anatomical analyses,
can differentially bias observed brain-behavior relationships across
the sexes®. Given these findings, it is not unreasonable to expect that
issues in recruitment and methodology will continue to impact our
analyses and findings until they are addressed.

While accounting for racein our analysesisastart, itis not enough,
and efforts must still be made to diversify our recruitment. Recent work
from Coley and colleagues has revealed how suicide prediction models
based on healthrecords data (which tend to exhibit similar representa-
tionissues to neuroimaging datasets) are likely to perpetuate inequali-
ties in access to healthcare and treatment’. The models accurately
predicted suicide risk in white, Hispanic/Latino, and Asian patients,
but not in Black and American Indian or Alaskan Native patients; the
implementation of such models would benefit certain races but not
others, amplifying existing healthcare disparities’. This study high-
lights theimportance of including a diverse populationin our analyses
so our results are more generalizable across all individuals. For the
sake of scientific reproducibility and generalizability, we must dis-
mantle racial and ethnic barriers to participation and representation
inresearch studies.

Moving forward

Despite the issues noted above, there have been positive movements
toward actionable change. Organizations such as Blackin Neuro, Black
inPsych, LatinXin Psych, Queerin Neuro, Vanguard STEM, Blackin the
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Ivory, Next-Gen Psych Scholars, and others have been actively working
against the underrepresentation of minoritized people within academia
andresearch practices’ 7. Yet, although we have seen increased efforts
to amplify the voices of marginalized groups, recruitment and reten-
tion bias remains in the scientific process.

Recent exploration and technological advancements in neuro-
imaging offer potential immediate solutions to the biases in research
practices we address in this paper. The development of more inclusive
EEG technology, as one example, supports diverse coarse and curly
hairtypes* and expands the recruitment opportunitiesin EEG studies.
Still, the vast majority of large-scale population studies have excluded
minoritized populations. There are some notable efforts underway
to increase the diversification of large datasets in neuroimaging, for
instance, the Chinese Color Nest Project generated a longitudinal
neurodevelopmental curve composed of a culturally diverse Chinese
cohortacross the lifespan™.

Unfortunately, there are also examples of the downsides to this
progress, including the overreliance on minority scientists to solve sci-
entificand historical barriers. According to the National Science Foun-
dation, of the 974 doctoral recipients in neuroscience or neurobiology
in2020, only 21were Black or African American”. From this report, we
can estimate that, assuming a 50.3% female/49.7% male sex balance
that is reflective of the general Black population, approximately 11
Black or African American women graduated with neuroscience or
neurobiology PhDs in 2020 (ref. 75). Importantly, intersectionalism
interacts with structural exclusion to further marginalize individuals,
eroding trust in the academic establishment. We cannot rely on the
few Black neuroscientists to solve the entirety of exclusion problems
in neuroimaging. Fair and balanced data collection efforts from the
entire neuroimaging community can facilitate more representative
brainmapping, allowing researchers and clinicians to better generalize
their discoveries across populations, and/or tailor care to individuals
throughout the population.

Given the issues noted above and with sensitivity and respect to
researchers across many cultures, we call for the expansion of imag-
ing technology to embrace diversity and inclusion of individuals
beyond the overrepresented white, non-Hispanic/Latino population.
Dismantling racially exclusionary practices and phenotypic bias in
ourresearchrequiresacoordinated effort from neuroscientists, psy-
chologists, engineers, and academic administrators (Box 2). We have
demonstrated how current methodological practices inadvertently
exclude individuals who do not fit the phenotypic societal standard,
contributing to the widespread presence of bias and racially exclusion-
ary practices within neuroimaging. We insist that scientists actively
combat the presence of structural inequalities within the neuroimag-
ing community through improvements in recruitment, methodologi-
cal, and analysis practices.

We also recognize that our call to action can provoke lingering
questions about the impacts of exclusion in neuroscience and psy-
chology research, to which the field does not yet have answers (Box
3). Nevertheless, all neuroscientists, psychologists, and biomedical
engineers should work collectively to address these questions. Diver-
sity and active anti-racism efforts will allow for the identification and
dissemination of generalizable brain-behavior relationships across all
populations. We hope that, by providing historical context and action-
able items to organize resources and create executable solutions, we
move forward as a field in addressing these systemic issues in human
neuroscience and psychology research.
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