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Abstract

Despite their premise of objectivity, neuroscience tools for physiological data collection, such 

as electroencephalography and functional near-infrared spectroscopy, introduce racial bias into 

studies by excluding individuals on the basis of phenotypic differences in hair type and skin 

pigmentation. Furthermore, at least one methodology—electrodermal activity recording (skin 

conductance responses)—may be influenced not only by potential phenotypic differences but also 

by negative psychological effects stemming from the lived experience of racism. Here we situate 

these issues within structural injustice, urge researchers to challenge racism in their scientific work 

and propose procedures and changes that may lead to more equitable science.

We are at the precipice of an exciting time of discovery and innovation in human 

neuroscience. With increased computing power, advanced hardware and algorithms and 

sophisticated psychophysical paradigms, we are coming ever closer to understanding the 

connections between brain and behavior by non-invasive inference. What enables our 

field to move forward, toward both basic science and clinical goals, is the assumption 

that objectivity and fairness produce logical conclusions reflecting universal truths. 

Unfortunately, accumulating evidence suggests the opposite in human-centered science: 

that because of unacknowledged bias in our assumptions, a troubling focus on Western, 

educated, industrialized, rich and democratic (WEIRD)1 populations and a lack of 

reproducibility across samples, psychological ‘facts’ are applicable only to the populations 

being studied.

In fact, marginalized groups—especially those who have faced historical oppression due to 

their race, ethnicity, gender and/or sex—are not only disproportionately excluded but have 

also been actively harmed by intentional and unintentional biases in medicine, technology 
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and even basic research2–7. As neuroscientists, we must be particularly sensitive to how our 

questions, hypotheses and research methods may introduce partiality, because neurological 

and psychological health is on the line. In this commentary, we sound the alarm on 

compounding layers of bias that contribute to documented and potential exclusion of racially 

and ethnically minoritized individuals in psychophysiology research. We explicitly highlight 

the exclusion of people who have been racialized as Black, because anti-blackness is the 

backbone of racism and racial bias8,9. As a field, we have a pivotal need to assess our 

methods and conduct research that directly asks: whose data are deemed ‘unusable’?

Today, although most overt racial discrimination in science is condemned, biases propagate 

and render harm against marginalized groups by false assumptions of ‘objectivity’10, 

implicit discriminatory beliefs11 and racial disparities that exacerbate these issues12,13. 

Particularly alarming is that biased research has the potential to directly feed back into 

society, creating a cycle that perpetuates prejudice. To be clear: race is a sociological 

construct rather than a biological reality14,15. The phenotypic differences that we consider 

indicators of race, such as skin color, hair texture, body composition and sweat gland 

density, in fact appear in the human species on a continuum that simply covaries with 

ancestral latitude. However, race still has meaning in our society: the collection of 

phenotypes and cultural indicators that we associate with one’s ‘race’ still has power and 

deeply affects the lived experiences of individuals. This fact is illustrated when descendants 

of United States slaves (who may have mixed African, European and American ancestry) 

are grouped together with individuals from the continent of Africa under the term ‘Black/

African American’ on government forms. We outline three eras in the history of the 

use of psychology and neuroscience tools and how understanding of phenotype and race 

has informed how bias has seeped into practices, especially regarding the adoption of 

technology.

Historical bias in science: the era of explicit exclusion

Assumptions of inherent differences between racial categories have long been a cornerstone 

of human-centered science, dating back to the flawed pseudoscience of phrenology and 

the practice of eugenics. These beliefs, fueled by racist scientific questioning, have led 

to oppression of racially and ethnically marginalized groups in the form of exploitation, 

marginalization, exclusion from power, cultural imperialism and/or violence2,5–7,16. Even 

into the late 20th century, certain subsets of the population (for example, women, LGBTQ+, 

Black and brown people) have been forgotten—deemed unnecessary to include or study 

scientifically—resulting in the exclusion of marginalized groups6,17,18. For example, an 

assumption that only men display certain mental conditions led to the underdiagnosis 

and/or misdiagnosis of autism and attention-deficit/hyperactivity disorder in women19–21. 

Additionally, Black women, who are further marginalized by the interaction of gender and 

race, are particularly absent in neuroscience research writ large22–24. As a result, medical 

mistrust has been sown in these communities, which has yet to be acknowledged and 

addressed systematically in healthcare and research. This exclusion of racial minorities in 

medicine directly harms patients25,26 and potentially encourages the development of biased 

medical technologies.
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‘Unusable data’ and colorblind methods: the era of ignorance

The legacy of exclusionary bias in research and medicine has lasting effects. In a world 

where abject racism is shamed, many adopt ‘colorblind’ thinking—assuming sameness—

when scientific methodologies and technologies might be, in fact, optimized for a limited 

group of people. Many electrophysiological devices were not designed to handle phenotype 

variability, rendering a systematic erasure of data from people with darker skin and coarse, 

curly hair—what we call ‘phenotypic bias’. Thus, the term ‘unusable’ can be synonymous 

with ‘minority’ data, specifically data from Black participants. When we are ignorant to the 

biases in our technology, we become doomed to perpetuate those biases unknowingly. A 

focus on not ignoring but acknowledging and celebrating the diversity of different types of 

people leads to a more inclusive scientific enterprise in which people receive care based on 

their particular needs27. Below we outline two examples of technologies in our field that 

designate certain data as ‘unusable’.

Hair type bias: a phenotypic bias rampant in electroencephalography (EEG), which is a 

frequently used tool in neuroscience. The requirement of having secure, direct and long-

lasting electrode-to-scalp contact led to the adoption of screening criteria that exclude 

individuals with specific hair characteristics, as texture and density affect electrode 

placement and decrease the signal-to-noise ratio. This has resulted in the exclusion of 

Black participants at substantially high rates28, but the exclusion is frequently justified as 

a methodological limitation rather than a pivotal equity issue. In a review of 81 papers 

published in 2019, Choy et al.29 found that only five included Black participants, and none 

of the papers clearly stated whether data from these participants were used in analyses after 

quality checks. Although novel EEG solutions are being developed that harness the African 

cultural tradition of cornrow braiding (for recommendations on how to prepare afro-textured 

hair and wavy hair for EEG, see ref. 28), there are still considerable gaps in the technology 

for dense EEG topographies (for example, 64- and 128-channel systems).

Skin-tone bias: found in the vast field of biomedical optics, in which specific frequencies 

of light are shone upon biological tissues for diagnostics or neuroimaging. A failure to 

account for variability in skin tone, and/or an assumption that the tools will work for all 

skin tones, has resulted in the creation of technology that is less effective for darker skin. 

Optical techniques, such as functional near-infrared spectroscopy (fNIRS), rely heavily 

on the known scattering and absorption properties of light in human tissue, which is 

dependent on the density of chromophores such as melanin30–32. As a result, noise levels in 

pulse oximetry data and consumer technologies such as fitness watches are systematically 

higher in individuals with darker skin pigmentation due to the greater absorption of light, 

potentially leading to worse health outcomes, especially as Coronavirus Disease 2019 

(COVID-19) treatment relies on reliable monitoring of blood oxygenation33–35. These 

issues have recently come to the forefront in academic and industry spaces, especially as 

activists have identified bias in facial recognition systems that are the technological bases of 

developing medical artificial intelligence interventions36,37.
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Lived experiences of racism: avoiding an era of negligence

After contending with the historical precedence for racial exclusion and current ignorance 

regarding phenotypic bias in neurotechnology, we must take proactive steps to identify and 

contend with the psychological consequences of racism for our data. Increasing evidence 

shows the effects of lived experiences on psychological processes38–41, calling into question 

whether exposure to discrimination is another source of exclusion. As discussed above, 

the tools used can be subject to bias against certain phenotypes shared by marginalized 

races. However, they can also capture individual differences resulting from experiences that 

may co-vary with those phenotypes. For example, mental health symptoms and conditions 

that can arise from the experiences of racism, such as post-traumatic stress disorder 

(PTSD) and anhedonia, may be reflected in psychophysiology data42,43. As scientists, we 

must disentangle the source of exclusion in psychophysiology: is it indeed marginalized 

phenotypes; is it a mental health feature that co-varies with phenotype in our society; or is 

it an interaction? Do we need to simply create phenotypically inclusive neurotechnologies; 

do we need to address systemic racism; or do we need to do both? Although this issue exists 

within several modalities, we will focus the rest of our discussion on electrodermal activity 

(that is, sweat gland activity), an index of autonomic nervous system activation.

In laboratory-based de novo fear conditioning, a stimulus-locked skin conductance response 

(SCR) is considered an ‘objective’ proxy of emotional arousal and a marker of fear 

learning and memory44. To measure electrodermal activity, a pair of electrodes is typically 

placed on two fingers. An electrical current is passed through the electrodes; as arousal 

increases and the sweat glands in the hand of the participant become more active, 

conductivity increases45. However, participants are excluded from analyses if they: (1) have 

immeasurable skin conductance activity at baseline or (2) do not show a detectable change 

in SCR between conditions/stimuli (that is, the participant failed to learn the task46,47). 

These guidelines initially appear reasonable; except, Black participants are disproportionally 

excluded because of low baseline activity and/or are characterized as ‘non-learners’48. 

Kredlow et al.48 reviewed five independent fear conditioning samples. These secondary 

analyses revealed that data from Black participants were more likely to be labeled ‘unusable’ 

(because of lower skin conductance levels as well as immeasurable/low responses to fear 

cues) and excluded compared to data from white participants.

To be clear, Black participants can appropriately discriminate between stimuli and acquire 

fear learning. Phenotypic differences, such as skin pigmentation, sweat gland distribution 

and baseline activity, have been hypothesized to affect measurement of SCR48,49. However, 

racial differences in psychological processes—stemming from lifelong exposure to racism

—explain differences in SCR during fear learning. Recent work suggests that various 

sociocultural factors, such as negative life events, partially explain racial and ethnic 

differences in SCR during fear conditioning (for example, refs. 42,43). In a formative paper, 

Harnett et al.42 showed that white participants had larger threat-elicited SCRs than Black 

participants. This difference was attenuated after adjusting for negative life experiences, 

including income, neighborhood disadvantage and violence exposure. Thus, labeling Black 

participants as ‘non-learners’ is inherently misguided. Just as we have uncovered that 
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racism, and not race, drives the inequities in COVID-19 morbidity, hospitalization and 

mortality, perhaps it is racism, and not race, that drives this differential arousal response50.

Methodological articles on electrodermal recordings have considered the ethical 

implications of continuing to use these methods without fully understanding the underlying 

mechanism(s) of racial differences in the signal; however, empirical work on potential 

mechanisms is lacking46,51. Kredlow et al.52 showed that Black Americans (n = 16 out of 

n = 274) were less likely to discriminate between the fear and safety cues; however, they 

proposed that the SCR measurements of Black participants could be improved by modifying 

the unconditioned stimulus to include both an electric shock and a loud scream. We should 

not enhance fear cues to ‘salvage’ data from Black participants. Rather, the field should 

focus on testing whether electrodermal recordings have inherent phenotype biases as well as 

evaluating how racialized lived experiences influence psychological processes (Fig. 1).

The field (see refs. 46,52) has largely ignored how bias in SCR, especially if differences 

are a reflection of lived experiences, may lead to considerable harm to individuals 

with the phenotypes and lived experiences associated with ‘non-responders’ and ‘non-

learners’. Information gained from these studies is used to develop interventions for 

psychiatric disorders. If data are biased or interpreted incorrectly, Black individuals may be 

misdiagnosed, underdiagnosed or inappropriately treated52,53. To complicate matters further, 

potential covariates or confounds due to the lived experience may hinder research that is 

specifically looking for racial group differences (for example, racial disparities in mental 

health outcomes). Although we have focused on SCR, many of the concerns about the 

sources of bias also arise in EEG (for example, ‘sluggish’ or attenuated brain responses can 

be due to anhedonia, PTSD and other mental conditions54–56), and other modalities may also 

render the data of certain groups as unusable.

Our shared responsibility toward more equitable neuroscience

Exclusion of racially and ethnically minoritized individuals under the guise of ‘unusable’ 

data occurs within the context of ongoing structural injustice against Black and brown 

people globally57–59. In a society that upholds and sees whiteness as a norm, research 

tools and protocols, however unintentionally, indeed perpetuate scientific oppression58,60. In 

the lack of any clear intention to produce biased results, it is easy for scientists to reject 

personal responsibility when publishing results that underrepresent people from racially 

and ethnically minoritized groups, especially when the exclusion appears methodologically 

justified. We need to move beyond the idea of ascribing guilt to any one person and 

accepting methodological limitations as a valid reason for executing biased research. 

Instead, we should uphold shared responsibility for addressing the outcomes of our actions 

within the context of structural injustice16 (Table 1).

Individual researchers should design psychophysiology research that explicitly considers 

whether sources of data exclusion reflect phenotype bias and/or measures of participants’ 

lived experiences. Implementation of post hoc statistical tests can help to determine 

whether demographics, including socioeconomic status and race, explain variability 

in psychophysiological measurements. This information is essential to differentiating 
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confounds (for example, phenotype bias in the tool) from co-varying and real psychological 

effects (for example, exposure to racism and negative life events). To achieve scientific 

equity, both the potential phenotype differences and differences in lived experience need 

to be recognized, assessed and considered. It is critical to discuss how SCR may vary 

by equipment, task paradigm, inclusion or exclusion of self-report measures (for example, 

trauma history and exposure to discrimination) and statistical approach (for example, use 

of standardization methods61). Although biomedical engineers are slowly beginning to 

recognize the need for and create more inclusive technologies37,62, the onus is on us, 

the practitioners of psychological science, to conduct research that includes a racially and 

ethnically diverse sample and uses statistical techniques that disentangle these sources of 

bias. Ultimately, producing empirical evidence of phenotypic bias will allow funders to 

charge engineers to create novel biomedical solutions. In the meantime, researchers must 

be innovative and collaborative to achieve inclusion and equity; for example, there is now 

a set of EEG guidelines for coarse, curly hair (https://hellobrainlab.com/research/eeg-hair-

project/).

Institutional review boards (IRBs) approve initial exclusion and inclusion criterion. This 

means, for example in EEG studies, IRBs have historically approved the exclusion of certain 

hairstyles that are culturally associated with Black populations. As the body that approves 

recruitment strategies, IRBs have a duty to ensure that research is scientifically sound, 

which, we argue, includes being equitable. IRB representatives share a responsibility to 

ask why racial and ethnic minorities are being excluded from recruitment and how this 

could be rectified. IRB personnel should receive ongoing training on biases in technology, 

particularly in tools used in human research, as well as offering institutionally mandated best 

practices.

For scientific journals, the reporting of demographics is still not a norm, although progress 

has been made, particularly in gender and age range reporting63. We know that most 

neuroscience studies recruit white participants1,64. This represents a broad ethical concern: 

if samples are not representative, and demographics are not reported, issues in methods will 

remain unexposed. The first steps publishers can take in achieving more equitable science, 

which has been widely discussed but not fully implemented, is to require racial demographic 

reporting.

If Black and brown researchers and engineers were fairly and proportionately included in the 

development of psychophysiology methods, it is likely that these tools would not have the 

same problems and oversights. Black scientists and engineers receive less funding than their 

white counterparts, with Black researchers’ award rates for National Institutes of Health 

funding being only approximately 55% of those of white researchers of similar academic 

standing65–67. We echo the continual call for fair funding and educational opportunities for 

scholars from marginalized backgrounds. We remain adamant that we must all be proactive 

in promoting racial equity in science.
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Fig. 1 |. The potential sources of racial bias in psychophysiological data collection.
Both effects of racialized negative life experiences on neural responses and embedded 

phenotypic bias (against darker skin and/or coarse, curly hair) in devices may influence 

recorded data. Historically, these confounds have not been considered, leading to the 

exclusion of Black participants from analyses and mislabeling participants as ‘non-learners’, 

‘non-responders’ or ‘difficult subjects’.
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Table 1 |

Recommendations for stakeholders to combat racial injustice in human neuroscience

Steps toward more equitable human neuroscience

Researchers Institutional review boards Journals Funding agencies

• Use post hoc tests to explore 
variability in measurements.
• Attempt to differentiate confounds 
(for example, tool phenotype 
bias) from co-varying and real 
psychological effects (for example, 
effects of racism-related stressors).
• Report demographic information 
in articles.

• Ask why racial and ethnic 
minorities are being excluded 
when reviewing protocols.
• Train personnel on biases in 
technology.
• Offer institutionally 
mandated training on inclusive 
practices.

• Require and enforce demographic 
reporting.
• When demographics are not 
representative, require a limitation 
statement within the manuscript.
• Request meaningful disaggregation 
of data (for example, breakdown of 
psychophysiology measure by ethnic 
or racial group).

• Fund Black scientists.
• Fund projects examining 
the effects of racialized 
life experiences on 
psychological processes.
• Fund innovative 
and equitable method 
development.
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