
“Biological information...is now surrounded by other 
parcels of information, that all interact in surprising ways, 
creating a biosphere that is both more corporeal and 
capricious than scientists and naturalists have appreciated.”

Samuel V. Scarpino
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Agenda/Argument
○ Today I will demonstrate a perspective on the 

study of complex systems  that emphasizes the 
role of context and environment.

○ Example: the intersection between 
epidemiology and the study of the criminal legal 
system.

○ More broadly, I argue that engagement with 
culture and society can unlock new directions, 
and applications of existing methods. 



Who am I, exactly? 



About me: “By Day…”

● “(Professor) C. Brandon Ogbunu” 
● Computational Biology, Systems Biology, Evolutionary biology, Complex 

systems….
● We use diseases as systems to ask questions about evolution, information, 

ecology, behavior and culture



About me: “By Night…”

● “Big Data Kane” 
● A computational scientist who studies the intersection between science, 

data & culture 
● Technical papers, outreach, activism, writing & media 

○ Contributor to The Atlantic, Andscape, WIRED, Undark, others 
○ Featured on the Emmy-Award Winning Finding Your Roots: The 

Seedlings
○ Contributing editor at Radio Lab



The Great Fusion of 2023 (Day + Night) 

● Interactions shape biological systems (mostly in the setting of 
disease)

● These interactions shape how molecular evolution happens
● These interactions shape how epidemics manifest
● These interactions shape science, and the world in which it is all 

embedded



What is complexity? 

● Fun conversation with Michael Lachman 
● “You seem more interested in the science of interactions within 

fields than you do the application across them.” 

Michael Lachmann



The Ogbunu complex systems creed

● What are the actors that drive complex biological systems? 

● What is the nature of the interactions between them? 

● What contexts modulate these interactions?



What is context? 



What is context? 

This has been the best play I've seen all 
year! 
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This has been the best play I've seen all 
year! Of course, it is the only play I've seen 
all year.
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What is context? 

This was a fantastic movie

https://www.thoughtco.com/quoting-out-of-context-fallacy-250332



What is context? 

This was a fantastic movie, as long as you 
aren't looking for plot or character 
development. 

https://www.thoughtco.com/quoting-out-of-context-fallacy-250332



What is context? 



Dihydrofolate reductase

What is context? 
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What is context? 



• Quantitative genetics
• Physiology 
• Climactic, ecological
• Local, lived, daily, corporeal
• Historical, structural, and psychological 

What is context? 



Pillar I: Disease evolution program
We’ll use protein evolution as a model for questions about 
how to think about the importance of gene-by-environment
interactions

Dihydrofolate reductase



Pillar II: Ecology of disease program
We use epidemics as a model for how to think about the 
interaction between environments and disease

https://en.wikipedia.org/wiki/Hemoglobin#/media/File:1GZX_Haemoglobin.png



Pillar III: Science, data, and culture program



Zeitgeist (2018 – 2023)



Genomic prediction Genetic engineering

Scientific ambitions and controversies



Scientific ambitions and controversies



● Race science extremism is on the rise
● Related to a global rise in fascism 
● Already led to several instances of mass violence 

Scientific ambitions and controversies



SARS-CoV-2



Basic Science



Public engagement

Senay Yitbarek
(UNC Chapel Hill)

Pleuni Pennings
(SFSU)

https://vimeo.com/400477097

Basic Science

https://vimeo.com/400477097


COVID-19 public engagement



● Trust in science is low
● Misinformation runs rampant
● Scientific and ethical issues abound
● The rise of authoritarianism 

● Solution? 
● Think about the intersection between 

science and culture

Summary – Science is in trouble



What is the role of a scientist in society?



● New conceptual instruments 
○ New model systems
○ New thought experiments
○ Pedagogical instruments
○ Art, fiction, cultural relics

Lorin Crawford
(Microsoft Research)

Lupe Fiasco 
(MIT)

How do we address this?

● Strategies
○ Communications experts
○ Connectors and generalists



Culture can serve as a great model for 
biological questions.

Ogbunugafor CB, Edge MD. Gattaca as a lens on 
contemporary genetics: marking 25 years into the film’s “not-
too-distant” future. Genetics. 2022 Dec;222(4):iyac142.



The Boston Review

Scientific American

What is the role of a scientist in society?



Culture can serve as a great model for 
biological questions.



Culture can serve as a great model for 
biological questions.

Cultural and social systems can benefit from 
methods and perspectives from quantitative systems



Ogbunugafor C.B., Structural Inequality, the Carceral State and the Need 
for New Language in the COVID-19 Pandemic, Synapsis: a Health 
Humanities Journal, 2021

Cultural drivers of disease: Mass Incarceration



We know that social forces can create conditions for 
infectious disease. 

But how do infectious diseases influence 
social phenomena?



Klein B, Ogbunugafor CB, Schafer BJ, Bhadricha Z, Kori P, Sheldon J, Kaza N, Sharma A, Wang 
EA, Eliassi-Rad T, Scarpino SV. COVID-19 amplified racial disparities in the US criminal legal 
system. Nature. 2023 Apr 19:1-7.

Cultural drivers of disease: Mass Incarceration



The COVID-19 pandemic amplified long-standing
racial biases in the U.S. criminal justice system

Brennan Klein Brandon Ogbunu Benjamin Schafer Zarana Bhadricha Preeti Kori Jim Sheldon Nitish Kaza Emily Wang Tina Eliassi-Rad Sam Scarpino Elizabeth Hinton



The COVID-19 pandemic amplified long-standing
racial biases in the U.S. criminal justice system

Brennan Klein Brandon Ogbunu Benjamin Schafer Zarana Bhadricha Preeti Kori Jim Sheldon Nitish Kaza Emily Wang Tina Eliassi-Rad Sam Scarpino Elizabeth Hinton

Pandemic mass incarceration:

A complex (biological) systems problem!



The scale of mass incarceration in the US

Data from World Prison Brief

20% of the world’s 
incarcerated
population

5% of the world’s
total population
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Sentencing data from the U.S. Sentencing Commission’s “Booker Report” (2017) 
https://www.ussc.gov/research/research-reports/demographic-differences-sentencing

• Black people make up 13% of the total U.S. 
population.
• But comprise over 38% of the total incarcerated population.

• Incarceration rate of Black vs. white people in the U.S.
• 2,306 vs. 450 per 100k.

• Incarcerated Black people serve 19.1% longer 
sentences on average.
• After controlling for past offences and severity, this increases to 

20.4%.

Mass incarceration and race: Pervasive inequity

Demographic numbers from Prison Policy Institute: 
https://www.prisonpolicy.org/research/race_and_ethnicity/ 5/28



The COVID-19 pandemic amplified long-standing
racial biases in the U.S. criminal justice system
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The data science pipeline

● “We manually assembled and validated a dataset covering all 50 U.S. 
states, the District of Columbia to both quantify the widening racial 
disparity observed during the first year of the COVID-19 pandemic 
and uncover its plausible causes.” 

● “Comprising over 7,000 records across more than 20 years—is an 
unprecedented view into the dynamics of prison populations before, 
during, and after the pandemic.”

● Use of FOIA requests, calling of justice departments, combing 
through literature

Brennan Klein



This is a complex story, based on 2 key observations
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This is a complex story, based on 2 key observations





Graphic from Klein, Ogbunugafor et al., (2023)
Nature, doi: 10.1038/s41586-023-05980-2 

13/28

Main observation: Also observed in nearly every state

https://doi.org/10.1001/jama.2021.17575


This is a complex story, based on 2 key observations

1. Why do we observe the trend in (A)?
2. Why do we observe the trend in (B)?

a. If we think we know an answer, how would we show it?
b. What data would we need?

3. What (if anything) does this work tell us about mass 
incarceration in the U.S.? Does it inform action?



Atypical 
release

Crimes 
committed

Policing 
practices

Court 
proceedings

End of 
sentence

Admissions Releases

Potential mechanisms



The abrupt spike in the % Black incarcerated 
population likely varies by state.

Universally, though, every possible 
mechanism falls into two possible types:

Potential mechanisms

Graphic from Klein, Ogbunugafor et al., (2023)
Nature, doi: 10.1038/s41586-023-05980-2 

Bias in admissions Bias in releases

https://doi.org/10.1001/jama.2021.17575


Potential mechanisms

Consider an example time series data of a prison population
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Consider an example time series data of a prison population
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Potential mechanisms

Consider an example time series data of a prison population
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Steady Admissions

Steady Releases
Increased Admissions

Decreased Releases
Increased Admissions

1. 

2. 

3. Under what conditions does 
the total population increase?



Potential mechanisms

Consider an example time series data of a prison population
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1. 

2. 

3. 

Under what conditions does 
the total population decrease?



The abrupt spike in the % Black incarcerated 
population likely varies by state.

Universally, though, every possible 
mechanism falls into two possible types:

Potential mechanisms

Graphic from Klein, Ogbunugafor et al., (2023)
Nature, doi: 10.1038/s41586-023-05980-2 

Bias in admissions Bias in releases

https://doi.org/10.1001/jama.2021.17575


Stepping back: There’s reason to believe we 
should have expected to see this kind of pattern in 
the data.

If a prison has differences in :

1) The average time spent in prison based 
on race
2) a sudden decline in prison admissions, we 
will see some variant of this trend. Why?

Graphic from Klein, Ogbunugafor et al., (2023)
Nature, doi: 10.1038/s41586-023-05980-2 

General mechanism, next steps, discussion

https://doi.org/10.1001/jama.2021.17575


Recall from before: Incarcerated Black people 
serve ~20% longer sentences than white 
people, on average.

Knowing state-specific sentencing disparities 
allows us to make highly accurate predictions 
for the magnitude and duration of the spikes.

(and whether we expect them to occur at all)
Sentencing data from the U.S. Sentencing Commission’s “Booker Report” (2017) 

https://www.ussc.gov/research/research-reports/demographic-differences-sentencing

General mechanism, next steps, discussion



This is a complex story, based on 2 key observations



Stress test analogy

“Taken together, our findings reveal that the pandemic provided a 
‘stress test’ for the criminal legal system. In engineering, stress tests 
involve exposing a system to extreme conditions in order to reveal its 
fragilities. Using a range of data sources, we have argued that 
COVID-19 amplified underlying racial disparities in the 
carceral state.”



The COVID-19 pandemic amplified long-standing
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What is a context?

• Quantitative genetics
• Physiology 
• Climactic, ecological
• Local, lived, daily, corporeal
• Historical, structural, and psychological 



The Ogbunu complex systems creed

● What are the actors that drive complex biological systems? 

● What is the nature of the interactions between them? 

● What contextual details modulate these interactions?



A guide to the study of complex systems

1. Should focus something that you care about.
2. Suspect that the system is driven by 

nonlinear interactions between actors.
3. Must identify (at least) and collect/measure 

the data necessary to understand the system.
4. Open-minded with regards to your method. 
5. Radical cross-disciplinarity. 



Culture:
The personal story should be a central part of science.



Thank you!




