
Functional near-infrared spectroscopy (fNIRS)
promises to be the leading non-invasive human
neuroimaging method of the next few decades.

 

Cultural and Methodological Bias
An unpleasant environment without culturally appropriate knowledge
can lead to voluntary withdrawal of coarse, curly haired and dark skinned
participants. fNIRS setup is notoriously:

Children and adults with intellectual disabilities – a large proportion of
the fNIRS research participants due to its portability – are
disproportionately affected.

portable

non-invasive

low cost

Concerns are rising over its inclusivity of
all skin tones and hair types 

(Parker & Ricard 2022, Webb et al 2022). 

Research in other modalities such as EEG
exclude Black individuals from research

due to hair type and skin tone
(Bradford et al 2022, Choy et al 2020). 
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Methods

Discussion

Number of participants 
Quantitative or qualitative reports of data
exclusion
Participant demographics. Any mention of: 

sex or gender 
race, ethnicity, or nationality 
melanin, pigmentation, or Fitzpatrick scale
hair type

Data collected

Phenotypic Bias Hair type: The
density and
thickness of Black
hair may obstruct
fNIRS optodes and
fNIRS caps may not
accommodate 
 larger hair volumes
(Khan 2012)
Skin or Hair color:
Dark colored hair of
any texture
introduces  melanin,
which acts as a NIRS
signal attenuator.

Conclusions

The under-reporting of exclusion 
Responsibility of researchers, funding
bodies, and regulatory bodies

Potential, but unconfirmed, disproportionate
exclusion of marginalized phenotypes: dark
skin and coarse, curly, and dark hair

Responsibility of engineers and innovators

Our results point to two distinct issues: 

Best Practices
Recruit a diverse research team.

Researchers from marginalized groups
serve as representation of the community
of interest. 
Build trust with non-white communities. 
Hire with diversity in mind.
Prioritize cultural competency to the level
of technical skill. 

Train to work with a range of hair types 
Avoid longer setup times,
microaggressions, participant discomfort,
and participant dropout.
Consult guidelines for hair preparation
from Etienne et al. 2020 and A Guide to Hair
Preparation for EEG Studies (Jones, et al.,
2021).

 Quantifying the association of hair type,
density, and melanin content of the scalp
with fNIRS measurements. 
Define these limitations through a
systematic review.

1.
a.

b.
c.
d.

2. Train on inclusive methodology. 
a.
b.

c.

3. Report demographics and phenotypes. 
a.

b.

Technological Solutions
Carnegie Mellon: Meta-funded research
team led by Sossena Wood developing
fNIRS for dark skin & curly hair.
University of Michigan uses crotchet hooks
with LED lights to gently move hair during
the setup before inserting optodes.
Khan et al 2012: Designed brush optodes
to improve photon transmission,
specifically for participants with dark hair
colors and high hair density.

Problems
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Solutions

Search terms: “fNIRS” and “Journal Name”
3 top biomedical optics journals (N = 87)

2007 – 2022
2 top neuroscience journals (N = 110)

2017 – 2022

PubMed Search, June 2022

       hardware and algorithm development in fNIRS

        fNIRS as a tool for basic or clinical neuroscience

Phenotypic Exclusion in fNIRS
Literature Review

35% of all articles mention exclusion of any type. 
Only a handful  mention hair, skin, or race / ethnicity.

Contrastingly, gender is reported in the vast majority of articles

Do biomedical optics researchers developers of fNIRS report performance
variability in their systems between Fitzpatrick skin scales and hair textures?
Do neuroscience practitioners of fNIRS systems report phenotypic and
demographic details in their research articles? If so, 
Does a similar pattern of exclusion of Black participants seen in EEG literature
also exist in the fNIRS literature? 

Questions: 
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Goal: Quantify reporting of race, hair type, and skin tone in fNIRS development and basic science.
We compare these demographics to gender reporting, an exemplar. 

Funders, IRBs, and Journals
IRBs:

Offer institutionally mandated best
practices to researchers
Question race-based exclusion
criteria

Journals: Require demographic
reporting and data demographic
disaggregation
Foundations:

Invite research explicitly about
exclusion 
Fund innovative and equitable
technologies

“poor data quality... from the subject’s relatively thick, black hair” 
“unable to collect effective signals... due to the participant’s thick, strong hair,” 
“had a lot of hair to obstruct light” 
“due to dense and/or dark-colored hair.” 

Quotes indicating phenotypic bias: 

Depiction of Afro-textured (left) vs Straight (right) 
hair with a fNIRS  cap and a single optode signal

https://public.era.nih.gov/grantfolder/viewCommonsStatus.era?applId=10467614&urlsignature=v1$27780854$1$b5tAmdsBFB6ZmomllUWA4YnGF5hzug_AvnELGimIIjUnslCzHusZoQG-HEpss-JhpJdVCZemW5cE1upxe9aG4GZDZuhHowbKuseK6K5NS50clBaaJFjJHqONUxshYDms6eo_hOr9GzzRJonYmJZyYS4J3JPXhdnMyk8EnINWlaCYHfIcPpsPKADdXeiDGnhyL0d8DX37qvjRxFhrgZoeEfQAFyU1QsZrYQCVfaBGvcMlz2wjCVr0ttEDBklFa-ahCogBnVjHNLuNZnQTjg-_dxhZvi1Zzu5hVzM9WA8GcNsYo4eytNaRF1XG9Q_HCdVV9asLwtieQ4QR869mF5CDgg..

