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Introduction (personal)

B.S. Biomathematics - Rhodes College (2015)
Undergraduate Research - Agent-Based Modeling of the Santa Cruz
Island Fox
M.S. Statistics - University of Tennessee, Knoxville (2021)
Masters Project - Bayesian Statistical Analysis of Diabetes Covariates
Ph.D. Ecology and Evolutionary Biology - University of Tennessee,
Knoxville (2021)
Dissertation Topic - Spatio-temporal Models of Gun Crime in Chicago,
Illinois
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The Cost of Gun Violence in the United States

Gun violence costs the United
States $229 billion annually
It leads to the death of 36,000
individuals and the non-fatal injury
of 85,000 others
Homicide is the leading cause of
death in black males aged 10-24

75% of homicides involve the use
of a firearm
(Kellerman 1993) Having a gun in
the home increases the risk for
homicide occurring in the home
(1996) Dickey Amendment
removes CDC funding for gun
violence research

Stark 2017, Joint Economic Committee 2019, APA 2013, CDC 2017, Kellerman 1993
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Missing Quantitative Models in the Literature

Major Question Mathematical Models Statistical Models
I II III IV V VI I II III IV V VI

Analyzing the
Spatio-Temporal
Distribution

• • • • • •

Impacts of Con-
straining Gun
Availability

• • • • •

Effects of Popula-
tion Characteristics

• • • • • • • •

Intervention At-
tempts and their
Impacts

• • • • • • •
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Individual Cost of Gun Violence

Adults reporting exposure to gun violence as children showed an
increased likelihood for chronic health conditions and risky behaviors

Health Outcome Risk Increase
Heart Disease 2.2
Stroke 2.4
Chronic obstructive lung disease (COPD) 3.9
Hepatitis 2.4
Ecstasy Use 9.2
Marijuana use 2.9
Poor mental health 2.7
Involvement in juvenile justice system 3.5
Use of substances during sex 6.5
Lack of condom use during sex 2.2

Byrdsong 2016 and Voisin 2016
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The Impact of Gun Crime in Chicago

Past studies have shown a diffusion of gun crime in both space and time
Between 2015 and 2016 there was a 68% increase in gun crimes,
disproportionately affecting disadvantaged neighborhoods
Data used for this study:

Chicago city crime dataset, 2001 - 2017
Selected socio-economic indicators in Chicago, 2008 - 2012

Loeffler and Flaxman 2017, Kapustin 2016, Chicago City Data Portal
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Project Origin Story

(2016) Math 582: Mathematical Ecology Class Project
Create an epidemic model of gun violence in the United States

Redirection: Use spatio-temporal modeling to observe the epidemic
spread of gun crime in Chicago, Illinois.
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Three Major Questions - The Plan for this Presentation

Step 1: Introduce the problem
Step 2: Pose the question
Step 3: Open the floor for discussion

House rule: All discussion must be civil and respectful
Based on what you’ve seen in the news and, more importantly, in your own
communities, what do you think the answer to the question will be?

Step 4: Present my results
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Q1: Introduction

March 26, 2020: Text from friend
in Chicago
April 3, 2020: Meeting with
advisor, during which this topic
was mentioned
July 31, 2020: First manuscript
submitted to Science for
publication

The Takeaways:
Research ideas can come from
anywhere
“A quick little paper,” is never quick
In fact, a quick little paper can
become a dissertation chapter
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Impact of COVID-19 on Crime

January 24, 2020: First case of
COVID-19 in Chicago
March 9, 2020: State of
Emergency declared
March 21, 2020: Stay at Home
order implemented

Question 1a: In the initial
time period following
implementation of the
stay-at-home orders, did
crime change?
Question 1b: Were different
crime types impacted
differently than others?
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Discuss!
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Do the Impacted Crime Types Differ?
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Q2 Introduction

There are multiple claims about
temporal patterns of gun crime in
Chicago, IL.
Q2a: Are there variations in crime
over years, months, and days?
Q2b: Are there certain holidays
that show higher (or lower)
numbers of crime than others?
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Discuss!
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Temporal Analysis Results

Are there yearly patterns in gun crime?
Method: t-tests

Yes
Significantly higher years: 2001, 2002, 2016, 2017, 2018
Significantly lower years: 2013, 2014, 2015
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Temporal Analysis Results

Are there monthly patterns in gun crime?
Method: t-tests

Yes
February has significantly lower crime than other months
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Temporal Analysis Results
Are there daily patterns in gun crime? Are there holiday patterns?
Method: outlier analysis
and t-tests

Holiday Month p-value CI σ t-stat Result
New Year’s Eve December 0.43 [−3.64, 8.32] 8.83 0.80 0
New Year’s Day January 9.8523 × 10−5 [6.39, 17.32] 8.07 4.41 1

Memorial Day May 0.33 [−3.86, 11.27] 11.17 1.00 0
July 4th July 0.58 [−4.95, 8.74] 10.11 0.56 0

Labor Day September 0.69 [−5.04, 7.53] 9.28 0.40 0
Halloween October 0.09 [−1.07, 13.46] 10.73 1.73 0

Thanksgiving November 4.05 × 10−5 [−16.67,−6.62] 7.41 −4.71 1
Christmas December 3.04 × 10−7 [−15.98,−8.23] 5.72 −6.35 1

Yes, but not as much as the media reports
There do not seem to be patterns in which days are outliers between
years
New Year’s Day shows significantly higher crime than the rest of January
Thanksgiving and Christmas show significantly lower crime than the
months in which they fall
When extended to a moving average, many of these patterns dissolve
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Which socio-economic conditions impact the number
of gun crime events?

Method: Negative Binomial
Regression with Subset Selection
Factors tested:

Crowding
Poverty
Unemployment
Education level
Dependents
Per capita income

Q3: Which of these
socio-economic factors
contribute to gun crime and
why?
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Discuss!
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Q3 Results

Method: Negative Binomial
Regression with Subset Selection
Factors tested:

Crowding
Poverty
Unemployment
Education level
Dependents
Per capita income

Predictor Coefficient
Poverty 1.0344

Unemployment 1.1123
Dependents - 0.9477

Regression Results

log(# Gun Crimes) = 4.1258 + 0.0338 ∗ poverty + 0.1064 ∗ unemployment − 0.0537 ∗ dependents
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Model Conclusions

Q1: Did the implementation of stay-at-home orders in response to
COVID-19 impact crime dynamics?
A1: Yes. Crime declined in the first two weeks following implementation,
but the types of crimes that showed changes were property and statutory
over interpersonal.

Q2: Are there temporal patterns of Chicago gun crime?
A2: Yes, sort of. Significant events impact gun crime patterns, but there
is some inflation of broader observations.

Q3: Which socio-economic factors contribute to gun crime and why?
A3: Poverty, unemployment, and dependents are all significantly
correlated with the number of gun crimes occurring in each community,
but the "why" is not as clear.
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Research Conclusions

Gun crime and gun violence are major public health concerns in the
United States
There is a lack of research on gun crime in the United States
There are far more factors contributing to gun crime outside the
availability of guns
This is all incredibly complicated. Evidence-based policy is the goal, but it
may not be easily accessible.
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Questions?
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