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Systems Science Methods in Public Health

Complex systems:

● Large number of heterogeneous elements
● Elements interact
● Emergent effects that are different from 

effects of individual elements
● Effects persist over time and adapt to 

change

Methods:

● Social Network Analysis (SNA)
● System Dynamics (SD)
● Agent-Based Modeling (ABM)
● GIS
● Hierarchical modeling
● Structural equation modeling
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Social Network Analysis

“The measurement and 
analysis of relationships and 
flows among actors, including 
people, organizations, and 
other information processing 
entities”

Good for:

● Visualizing relationships
● Analyzing relationship 

characteristics
● Informing and studying 

network interventions
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https://kumu.io/lcalancie/kansas-food-councils-2022-v2



System Dynamics

“Uses informal and formal models with 
computer simulation to uncover and 
understand endogenous sources of 
complex system behaviors”

Good for:

● Nonlinear processes, “feedback”
● Delays and accumulations
● Considering “unintended 

consequences”
● Engaging stakeholders
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Figure 1.  Simplified stock and flow diagram of maternal insulin and 
glucose dynamics during an oral glucose tolerance test (OGTT).



System dynamics simulation modeling - Preliminary results

Replicating research data in early pregnancy (EP):
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System dynamics simulation modeling - Preliminary results
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System dynamics simulation modeling - Preliminary results

Replicating research data in late pregnancy (LP):

Changed:  1) Slope of glucose clearance rate to interstitial insulin concentration, 2) Increased insulin 
release rate, 3) Increased plasma to interstitial fluid exchange time, and 4) increased non-insulin 
dependent glucose clearance time

Data in LP
Data in LP

Model Model



Community-Based System Dynamics
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Agent-Based Modeling

“Uses computer simulations to examine how 
elements of a system (agents) behave as a 
function of their interactions with each other and 
their environment”

Good for:

● Agent heterogeneity 
● Spatial distribution
● Emergent behavior
● Dynamic, nonlinear behavior
● Combining features of SD and SNA
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Kremmydas, Dimitrios. “Agent based modeling for 
agricultural policy evaluation: A review.” (2012).



ABM - Example from Colorado State University

https://foodsystems.colostate.edu/research-impacts/urban-rural-linkages/models/
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Agent-Based Modeling - Brief Tutorial
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Example adapted from: Nathaniel Osgood’s  
Care Seeking Hybrid Model v1

https://www.youtube.com/watch?v=3WtCxuXncC4&list=PLcAx
wev2PmV8979npzBJLGN-iSCa2uH3L&index=3

https://www.youtube.com/@NathanielOsgood


Resources

Free AnyLogic PLE download - 
https://www.anylogic.com/downloads/personal-learning-edition-download/
 
Care seeking model tutorial - 
https://www.youtube.com/watch?v=3WtCxuXncC4&list=PLcAxwev2PmV8979npzBJLGN-iSCa2uH3L&i
ndex=2
 
AnyLogic in 3 days - https://www.anylogic.com/upload/al-in-3-days/anylogic-in-3-days.pdf

https://thesystemsthinker.com/

https://systemdynamics.org/
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