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INTRODUCTION AND BACKGROUND

As infectious diseases threaten global health, policymakers rely on epidemiological models, such as agent-
based models (ABMs), to predict disease outcomes and improve public health response. ABMs capture the 
behavior and interactions among heterogeneous individuals or “agents” within their environment, making 
them ideal for simulating disease spread, given the key role individual behavior plays in disease outcomes. 
However, traditional ABMs of disease spread ignore or oversimplify health behaviors, such as mask-wearing 
or vaccination. This was one of several COVID-19 model shortcomings that led to inaccurate forecasts, 
highlighting the need to improve the representation of health behaviors in disease spread models [1].

Despite advancements in developing behavioral frameworks for ABMs of disease spread, particularly using 
theories like game theory and social contagion, these models often lack support from empirical data [2]. 
While theory is important, ABMs are designed to simulate disease spread in specific populations, and data 
is essential to parameterize, calibrate, and validate agent behaviors [1]. A potential approach for address-
ing this gap involves leveraging supervised machine learning (ML) algorithms that can incorporate both 
behavioral data and theory to predict individual behaviors. In various applications, ABMs have integrated 
supervised ML techniques to simulate agent decision-making. Given data sources like surveys, a supervised 
ML model can learn how a set of determinants, guided by theory or domain knowledge, are associated with 
a behavior. Then, agents can apply the trained ML model based on their characteristics and perceptions.

Using supervised ML to model agent behaviors is less common in ABMs of infectious diseases, possibly 
due to limited collaboration and data sharing between epidemiology and modeling communities. In one 
example, Karimi et al. [3] calculates vaccination and social distancing probabilities using logistic regression, 
informed by survey data and based on determinants from the Health Belief Model (HBM). In another study, 
Beerman et al. [4] used decision trees trained on various data sources to predict if an agent vaccinates based 
on characteristics. Such examples predict an agent’s health behavior as a one-time decision, overlooking 
the dynamic nature of health decisions. Further research is necessary to incorporate supervised ML in a 
way that allows for changes in individual behavior over time, considering social or environmental feedback. 
Efforts are also needed to validate emergent behaviors across space and time, and at different scales.

Therefore, the overarching goal of my Ph.D. is to develop and implement a framework that combines data-
driven and theoretical approaches through leveraging supervised ML algorithms to empirically derive and 
implement dynamic individual health behaviors. This will involve creating a network-based ABM that 
focuses on the case study of yearly vaccination uptake behavior in Fairfax County, Virginia, USA, and its 
impact on the spread of COVID-19. To achieve this goal and address these challenges within the ABM com-
munity, I will answer the following research questions: 1) How do different supervised machine learning 
techniques compare in performance when predicting individual health behaviors within ABMs of infectious 
disease spread?, 2) Which public health theories are well-suited to guide the selection of determinants, and
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how can these determinants be dynamically encoded into an ABM of infectious disease spread (e.g. per-
ception of severity from the HBM)?, 3) What aspects of ABMs of infectious disease spread are important
for empirically validating health behaviors, and how can the development and validation of these models be
effectively communicated to demonstrate how they perform sufficiently for decision support? The contribu-
tion of my research aims to improve the representation of health behaviors in ABMs of infectious disease
spread, ultimately offering the public and policymakers support with producing accurate predictions and
intervention strategies for future outbreaks.

PRELIMINARY AND FUTURE WORK

Previous work consisted of developing a proof-of-concept that integrates a data-driven agent behavioral
framework in a geospatial ABM of disease spread [5]. The framework is implemented to simulate COVID-
19 spread and dynamic masking behavior among students at George Mason University. Using open survey
data, the framework leverages empirically derived odds ratios through a binary logistic regression model.
This model estimates the daily likelihood of an agent adopting masking behavior, considering an individ-
ual’s characteristics and perception, specifically perceived vulnerability to the disease. When the framework
is applied, the masking behaviors emerge based on agent characteristics and their evolving perception of the
outbreak. Results reveal that the framework creates a feedback between the behaviors and the disease out-
comes, where behaviors impact the disease outcomes, and the outcomes further impact behaviors. Despite
promising results in preliminary work, there are limitations that will be addressed in my future research.

Future work involves expanding upon my existing ABM, which consists of transitioning to a network-based
structure, focusing on Fairfax County at the census-tract level, and generating a synthetic population. This
model will serve as an essential tool for addressing my dissertation research questions. To answer these
questions, my objectives are: 1) assess the performance and efficiency of different supervised ML techniques
for agent health behaviors in the scaled-up ABM of disease spread, 2) investigate available data and select
and compare the predictive power of different determinants that are theorized to explain health behaviors,
3) validate the spatial patterns of behavior and disease outcomes that emerge from the model. The ultimate
goal of my dissertation is to create a user-friendly framework that leverages ML algorithms that derives
individual health behaviors from theory and data throughout an infectious disease simulation. It is intended
that users have the flexibility to modify parameters such as population, determinants, and disease types,
which promotes the usability of the model for various research applications related to infectious diseases.
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