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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...”

o “(Professor) C. Brandon Ogbunu”

e Computational Biology, Systems Biology, Evolutionary biology, Complex
systems....

e We use diseases as systems to ask questions about evolution, information,

ecology, behavior and culture
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About me: "By Night...”

- V=
1 =1 PO O NA
« "Big Data Kane”

e A computational scientist who studies the intersection between science,
data & culture

e Technical papers, outreach, activism, writing & media
o Contributor to The Atlantic, Andscape, WIRED, Undark, others

o Featured on the Emmy-Award Winning Finding Your Roots: The
Seedlings

o Contributing editor at Radio Lab

One year after the bubble, the NBA’s
COVID-19 response is helping the world

understand the pandemic

Scientists are using the league’s data to understand the delta variant and
other topics

RADIO




The Great Fusion of 2023 (Day + Night)

Santa Fe
Institute

%
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o Interactions shape biological systems (mostly in the setting of

disease)
o These interactions shape how molecular evolution happens

o These interactions shape how epidemics manifest

o These interactions shape science, and the world in which it is all

embedded



What is complexity?

e Fun conversation with Michael Lachman

e “You seem more interested in the science of interactions within

fields than you do the application across them.”

Santa Fe
Institute




IR 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?
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What is context?

This has been the best play I've seen ali
year!

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



What is context?

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

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



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?



What is context?
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What is context?

* Quantitative genetics

* Physiology

* Climactic, ecological

* Local, lived, daily, corporeal

* Historical, structural, and psychological




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
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Pillar IT: 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

Lo
One year after the bubble, the NBA’s
COVID-19 response is helping the world

understand the pandemic

Scientists are using the league’s data to understand the delta variant and
other topics

Brandon Ogbunu is a radical collaborator

MLK Visiting Professor tries to “maximize connection time” while
studying protein evolution.

Phie Jacobs | School of Science
January 9, 2023




Zeitgeist (2018 - 2023)



Scientific ambitions and controversies

Genomic prediction Genetic engineering

IMRVE. STUDIOS .
BLACK PANTHER
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Scientific ambitions and controversies

DNA GOTA I'IID H!GHED OUT OF Why White Supremacists Are
SGHOOL—AND IT°LL HAPPEN Chugging Milk (and Why Geneticists
AGAIN Are Alarmed)

e Are We Being Misled

- About Precision Medicine?

Doctors and hospitals love to talk about the cancer patients they've
saved, and reporters love to write about them. But deaths still vastly
outnumber the rare successes

By Liz Szabo

f v = » []

The Genetics of Type 2 Diabetes Is a Mess

A recent study shows why genetic advances in medicine are so challenging.




Scientific ambitions and controversies

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

Quashing Racist Pseudoscience Is Science’s Responsibility

The recent act of racist terrorism in Buffalo has raised the stakes on how science is communicated and sold.

Why White Supremacists Are
Chugging Milk (and Why Geneticists
Are Alarmed)




SARS-CoV-

LOWER AND DELAY THE EPIDEMIC PEAK

Proactive measures taken early
in an epidemic reduce burden
on the healthcare system and
slow the spread of disease
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Basic Science
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scientific reports

M) Check for updates.

Variation in microparasite
free-living survival and indirect
transmission can modulate

the intensity of emerging
outbreaks

C. Brandon Ogbunugafor23=, Miles D. Miller-Dickson?, Victor A. Meszaros?,
Lourdes M. Gomez12, Anarina L. Murillo*5 & Samuel V. Scarpino
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JPEN Variation in microparasite
free-living survival and indirect
transmission can modulate
the intensity of emerging
outbreaks

C. Brandon Ogbunugafor23=, Miles D. Miller-Dickson?, Victor A. Meszaros?,
Lourdes M. Gomez!2, Anarina L. Murillo*5 & Samuel V. Scarpino®

Public engagement

Senay Yitbarek Pleuni Pennings
(UNC Chapel Hill) (SFSU)

SNEE2ING AND COUGHING

SARS-COV2 cAN SPREAD CREATE DROALETS

THROVGH CASUAL ONTACT R
o

https://vimeo.com/4004 77097



https://vimeo.com/400477097

COVID-19 public engagement

IDEAS

Go Ahead, Joke About the Pandemic

The public-health power of humor on Black Twitter

By C. Brandon Ogbunu

Black Doctors Work Overtime to Combat
Clubhouse Covid Myths

m Conspiracies flourish on app including about vaccines and 5G
= ‘Hey, | was skeptical too, but here’s where | am now’

The Flagrant Hypocrisy of Bungled College Reopenings

Higher education has ignored its main mission: to teach critical thinking. It’s time to take the adults back to school.

Don't Be Fooled by Covid-19 Carpetbaggers

Coronavirus credentialism is rampant and dangerous. Knowing who's legit and who's an opportunist can save lives.

A Dat Rona Special Report Featuring Professor Brandon|
Ogbunu
For All Nerds Show

* * Society & Culture
* “ E H ns ' Listen on Apple Podcasts 7

It's a very special episode this week, as Tatiana and Benhameen welcome back Professor Brandon
Ogbunu to speak about everything that has happened since we last spoke with our esteemed
Coronavirus expert.

We hope you are all enjoying your Thanksgiving, and staying safe while you are doing so! Thank you for
listening and supporting the ForAllNerds throughout this tumultuous time.

AT  10eAs  63.18.2028 29:68 AM

How Social Distancing Became Social Justice

Like Me Too and Black Lives Matter, the Flatten the Curve movement has fomented a profound reckoning with privilege and inequality.

Lo |
The NBA bubble is a grand

experiment in epidemiology

We’ll see how technology, policy and human behavior
influence an epidemic — and what we can do to stop it




Summary — Science is in trouble

Trust in science is low e Solution?
Misinformation runs rampant e Think about the intersection between
Scientific and ethical issues abound science and culture

The rise of authoritarianism

LOWER AND DELAY THE EPIDEMIC PEAK
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What is the role of a scientist in society?

THE

STORY
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STORIES ABOUT SCIENCE




How do we address this?

o New conceptual instruments

> New model systems

New thought experiments
Pedagogical instruments
Art, fiction, cultural relics

(@)

(@)

(@)

Strategies

- Communications experts
- Connectors and generalists = 4

waslld GENETICS

C. Brandon Ogbunugafor

Gattaca as a lens on contemporary genetics: marking
25 years into the film's "not-too-distant” future

,'?3*% Michael D. Edge (® ***

06520, Ut
California, Los Angeles, CA 90089, USA
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Culture can serve as a great model for
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biological questions.

GENETICS

Gattaca as a lens on contemporary genetics: Marking 25 years
into the film’s “not-too-distant” future

C. Brandon Ogbunugafor!>3* * and Michael D. Edge*" *

!Department of Ecology and Evolutionary Biology, Yale University, New Haven, CT 06520 USA
2Santa Fe Institute, Santa Fe, NM, 87501 USA

3Vermont Complex Systems Center, Burlington, VT, 05401 USA

4Department of Quantitative and Computational Biology, University of Southern California, Los Angeles, CA, 90089 USA
*These authors contributed equally to this work.

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.
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What is the role of a scientist in society?

The Flagrant Hypocrisy of Bungled College Reopenings

Higher education has ignored its main mission: to teach critical thinking. It’s time to take the adults back to school.

Don't Be Fooled by Covid-19 Carpetbaggers

Coronavirus credentialism is rampant and dangerous. Knowing who's legit and who's an opportunist can save lives.

[REITVIIEUSTIT 104 83.18.2828 69:88 AM

How Social Distancing Became Social Justice

Like Me Too and Black Lives Matter, the Flatten the Curve movement has fomented a profound reckoning with privilege and inequality.

[ ne |
The NBA bubble is a grand

experiment in epidemiology

We’ll see how technology, policy and human behavior
influence an epidemic — and what we can do to stop it

The Boston Review

SCIENCE & NATURE

Is There a Human
Blueprint?

Two new books from intellectual giants Robert Plomin and Nicholas
Christakis revive the “nature vs. nurture” debate about what makes
people different from one another.

C. BRANDON OGBUNU, C. MALIK BOYKIN

Scientific American

POLICY & ETHICS |

For Scientific Institutions, Racial
Reconciliation Requires
Reparations

Antiracism in science must be about much more than challenging the bigoted graybeards of our
past

By C. Brandon Ogbunu on June 12, 2020




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



Cultural drivers of disease: Mass Incarceration

Structural Inequality, the
Carceral State and the Need for

New Language in the
COVID-19 Pandemic

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

Incarcerated Americans
20 1920-2014

From the War on Poverty to the
War on Crime  The Making of
Mass Incarceration in America

ELIZABETH H I NT ON

Millions

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

But how do infectious diseases influence
social phenomena?



Cultural drivers of disease: Mass Incarceration

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.

Article

COVID-19 amplified racial disparitiesin the
US criminal legal system




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

NEWS AND VIEWS | 19 April 2023

COVID pandemicincreased racial
disparities in US prison populations

A public data set on the size and racial composition of US prison populations has been
generated. Its analysis indicates how biases in sentencing lengths shape prisons’ racial
make-up in the United States.

Elizabeth Hinton

Sam Scarpino

Preeti Kori Jim Sheldon Nitish Kaza Emily Wang Tina Eliassi-Rad




Pandemic mass incarceration:
The COVID-19 pandemic amplified long-standing

racial biases in the U.S. criminal justice system

A complex (biological) systems problem!

Emily Wang Tin EI si-Rad Sam Scarpin

Elizabeth Hin




The scale of mass incarceration in the US

Among OECD countries
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— Mexico (166)

il

— Spain (122)

— Canada (104)

Sorted by national incarceration rate
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1. Louisiana (980)

2. Oklahoma (970)
3. Mississippi (920)
4. Georgia (850)
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= 49. Rhode Island (260)
50. Vermont (260)
51. Massachusetts (250)
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Mass incarceration and race: Pervasive inequity
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%.

5/28



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

NEWS AND VIEWS | 19 April 2023

COVID pandemicincreased racial
disparities in US prison populations

A public data set on the size and racial composition of US prison populations has been
generated. Its analysis indicates how biases in sentencing lengths shape prisons’ racial
make-up in the United States.

Elizabeth Hinton

Sam Scarpino

Preeti Kori Jim Sheldon Nitish Kaza Emily Wang Tina Eliassi-Rad




NNNNNNNNNNNN | 19 April 2023

COVID pandemicincreased racial
disparities in US prison populations

A public data set on the size and racial position of US prison populations has been

The data science pipeline

generated. Its analysis indicates how biases in sentencing lengths shape prisons’ racial
make-up in the United States.

Brennan Klein

“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



Thisis a complex story, based on 2 key observations



Thisisacomplex story, based on 2 key observations
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Thisisacomplex story, based on 2 key observations
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Thisisacomplex story, based on 2 key observations
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Thisisacomplex story, based on 2 key observations
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Thisisacomplex story, based on 2 key observations

42.0%

41.5%

Percent of incarcerated
population by race
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Main observation: Also observed in nearly every state

e Klein et al. 2022 data, January 1, 2018 — January 1, 2022
v j’j!i tion who are Black or non-white*

Number of people incarcerated in state prisons Percent of incarcerated popula

%ﬂ Klein et al. 2022 data, January 1, 2018 — January 1, 2022
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Thisis a complex story, based on 2 key observations

z

1. Why do we observe the trend in (A)?
7. 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?

16.3% decrease
1.00 - since Mar. '20

Total state prison population

'14 '15 '16 '17 '18 '19 '20 ‘21

3. What (if anything) does this work tell us about mass
incarceration in the U.S.? Does it inform action? §T 400%1

39.5%

w
©
o
X

)
0
U
X

4, - increase from
37.8% to 38.6%
since Mar. '20
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X

Percent of prison populatio
(Black incarcerated peopl
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Potential mechanisms

[ Admissions ] [ Releases ]

Crimes Court Policing End of Atypical
committed proceedings practices sentence release




Potential mechanisms

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

1
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Universally, though, every possible

mechanism falls into two possible types: 40.5% -

40.0% -
[ Bias in admissions ] [ Bias in releases ]

39.5%

increase from
o/ 1 38.9% to 39.8%
~ 33.0% since Mar. '20

Percent of prison population
Black incarcerated people)
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Potential mechanisms

Consider an example time series data of a prison population

Number of incarcerated people

Time



Potential mechanisms

Consider an example time series data of a prison population

A\ admissions

'\/\/\/\/\—\J\/\A\/\M\/N’

releases

\4

Number of incarcerated people

Time



Potential mechanisms

Consider an example time series data of a prison population

Number of incarcerated people

Steady Admissions
* Decreased Releases

2 Increased Admissions
* Steady Releases

3 Increased Admissions
* Decreased Releases

Under what conditions does
the total population increase?

Time



Potential mechanisms

Consider an example time series data of a prison population

Under what conditions does

the total population decrease? 1 Steady Admissions

* Increased Releases

2 Decreased Admissions
* Steady Releases

3 Decreased Admissions
* Increased Releases

Number of incarcerated people

Time



Potential mechanisms

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

41.5% -

increase from
o/ 138.9% to 39.8%
39.0% since Mar. '20
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General mechanism, next steps, discussion

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 :

w
©
w1
o
>
1

1) The average time spent in prison based

increase from
38.9% to 39.8%

On I'aCC " 1since Mar. '20
d R L R LR

LSRR R "
‘13 '14 '15 '16 '17 '18 '19 '20 '21 '22

Percent of prison population
(Black incarcerated people)

w

o

o

X
|

2) a sudden decline in prison admissions, we

will see some variant of this trend. Why?
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General mechanism, next steps, discussion

Recall from before: Incarcerated Black people

serve ~20% longer sentences than white

people, on average.

Knowing state-specific sentencing disparities

Percent of prison population
(Black incarcerated people)

allows us to make highly accurate predictions

increase from
o 4 38.9% to 39.8%
39:0% since Mar. 20

for the magnitude and duration of the spikes. |~ F—r——7

13 '14 '15 16 ‘17 '18 '19 '20 21 ‘22

(and whether we expect them to occur at all)



Thisis acomplex story, based on 2 key observations

42.0%

41.5%

Percent of incarcerated
population by race




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
racial biases in the U.S. criminal justice system

NEWS AND VIEWS | 19 April 2023

COVID pandemicincreased racial
disparities in US prison populations

A public data set on the size and racial composition of US prison populations has been
generated. Its analysis indicates how biases in sentencing lengths shape prisons’ racial
make-up in the United States.

Elizabeth Hinton

Sam Scarpino

Preeti Kori Jim Sheldon Nitish Kaza Emily Wang Tina Eliassi-Rad




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?

WORD to GENE
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A guide to the study of complex systems

1. Should focus something that you care about.

». Suspect that the system is driven by
JQ}G PLERUS

S __— ——
Aot 3 () =1 —4-cos ( £ ¥\ o

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.










