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Outline of the day
10:00am – 11:00am Act I, in which we are introduced to models, and 

to each other. 

11:00am – 12:30pm Act II, in which we are introduced to NetLogo.

12:30pm – 1:30pm Intermission, in which we are fed and exchange 
pleasantries. 

1:30pm – 2:00pm Act III, in which we are treated to a guest lecture 
by Julia Eberlen.

2:00pm – 4:00pm Act IV, in which we design, build, and analyze a 
simple model of diffusion. 

4:00pm – 5:00pm Act V, in which we discuss model assumptions, 
data, and the primacy of theory. 



Drawing by Nicky Case @ncasenmare



Hypothesis testing and the 
articulation of parts

• We want to explain some behavior 
of some system 

• A system can be decomposed into 
parts and interactions between 
those parts 

• No single best decomposition for a 
system. Depends on your question. 

Kauffman SA (1971)



Models Abstract structures or physical structures that can 
potentially represent real-world phenomena. 
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Why use models? 
• Examine the clarity of our hypotheses 

• Explore the consequences of our assumptions 

• Explore imagined or counterfactual scenarios 

• Make predictions 

• Identify questions for empirical research 

• Deepen our understanding of the world
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Example: Universal Gravitation



Ryan and Gross (1943) Rogers (1962)
Categories are tautological

Example: Diffusion of Innovations



• Bass (1969) 
- Based on epidemiological models 
- Designed to explain timing of 

adoption 

• Assumptions: 
- All individuals are either innovators 

or imitators 
- Innovators adopt with a constant 

probability, ignoring others 
- Imitators adopt with a probability 

that is a linear function of the current 
number of previous adopters. 

dN(t)

dt
= p[m�N(t)] +

q

m
N(t)[m�N(t)]

Example: Diffusion of Innovations



• Hierarchical organization (8 levels) 

• Initially 50% women at each level 

• Individuals have value drawn from 
normal distribution with same 
mean, SD for all 

• Men’s values are perceived to 
increase by X% of the variance 

• Over several rounds, 15% of 
employees left, and top 
performers at next lowest level 
filled their place

Example: Bias in the Workplace

XKCD

N = 500
N = 350

N = 200
N = 150
N = 100
N = 75
N = 40
N = 10

Martell et al. (1996)
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Example: Bias in the Workplace

See also: http://doesgenderbiasmatter.com/



Agent-based models
• A type of formal model in which individuals (agents) are 

simulated as explicit computational entities 

• Costs: Analytical tractability, easy parameter exploration 

• Benefits: Can account for greater complexity, 
heterogeneity, and structure. Can help us to understand 
emergent phenomena. 

• Tradeoff relative to research questions being asked



Agent-based models
• Individual traits and 

behaviors 

• Environmental and social 
constraints 

• Uncover relationships 
between micro-level 
behaviors and macro-level 
patterns



Emergence
Working definition:  
A phenomenon is emergent when the language of 
the more primitive concepts and relationships among 
its parts fails to capture the phenomenon at hand. 







Craig Reynold’s ‘Boids’



https://youtu.be/M028vafB0l8





Social dynamics: Understanding 
cultural boundaries

• Axelrod’s culture model 

• Empirical pattern: Cultural groups are internally 
similar but maintain differences with others. 

• Individual assumptions:  
- Agents interact preferentially with similar others 

(homophily) 
- Interaction leads to increased similarity (influence)



• Each individual is defined by a set of F cultural features, 
each of which can be filled by one of T traits.  

• For example, F = 4 and T = 2, three individuals might 
look like this: 
- A = {0, 1, 1, 0} 
- B = {1, 1, 1, 0} 
- C = {1, 0, 0, 1}  

• Dynamics:  
- Neighbors interact with probability proportional to their 

similarity 
- Interactions cause one individual to change a trait to match 

the other. 



Axelrod R (1997) J. Conflict Res. 





Models as scaffolds



“Art is a lie that helps us 
see the truth.” 

–Pablo Picasso 



traffic jams economics language evolution

signaling segregation historical dynamics

disease transmission mate search cooperation



password: cubistchicken

http://smaldino.com/wp/abm-course/





https://ccl.northwestern.edu/netlogo/



Levels of depth

vs.

Java (MASON) 
Python (Mesa) 
C++  
R 
MatLab 
Javascript

NetLogo



Logo Origins



NetLogo Components

Patches Turtles

• stationary 
• one per location

• mobile 
• can die and reproduce 
• can be networked 
• can occupy patches 

Links

• connections between 
turtles 

• can be directed or 
undirected



Agent-Oriented 
Programming

• NetLogo keeps track of the “level” at which a 
procedure is called.  

• I.e., if a turtle calls a procedure, all commands are 
run from the turtle’s “perspective” 

• NetLogo has many useful procedures and 
reporters that are ‘primitive’



The User’s Manual is your friend



Can’t we just think it through? 



Red particles do random 
walk through space. 

If one touches a green 
square, it stops moving 
and becomes a green 
square.

What does resulting 
pattern of green squares 
look like?  



Models Library -> Chemistry & Physics -> 
Diffusion Limited Aggregation -> DLA Simple



Diffusion Limited Aggregation (Witten & Sander 1981)

Manganese oxidation on sandstone Bacterial growth in agar dish

Golding et al. (1998)







Separating Design and Implementation



Hofstadter’s Law: It always 
takes longer than you expect, 
even when you take into 
account Hofstadter's Law.



The iterative process

Sometimes people ask: “How does your show get written?”  
Like this: performance, feedback, revision  

–Baba Brinkman, The Rap Guide to Evolution



The iterative process

Theoretical 
idea

Idea for 
formalization Pseudocode Code Analysis



Pseudocode

• A description of a computer programming 
algorithm that uses the structural conventions of 
programming languages, but omits detailed 
subroutines or language-specific syntax. 

• Valuable for stepwise refinement



• Initialize:
‣ What are the model components? 
‣ How are they initialized? 

• At each tick:
‣ How does each component behave? 
‣ In what order are these behaviors implemented?





Contagion



Models of Contagion

Susceptible InfectedSI

Susceptible InfectedSIS

Susceptible Infected RemovedSIR



Do these models reflect reality?

Flu outbreak 
English boarding school 

1978



Why use ABMs?
• Nano-sheep 

problem 

• Allows for greater 
complexity 

• Builds intuition

Perez & Dragicevic (2009) Int J. Health Geo.Burke et al. (2006) Acad. Emer. Med..



The Idea

• Agents move around their world. Some are 
infected.   

• If susceptible agents meet infected agents, they 
can become infected. 

• Infected agents may eventually recover. In some 
cases, they then become immune. 



Pseudocode
• Initialize:

‣ N agents are placed at random locations on a toroidal grid, with a random heading.  
‣ Some of them are initially infected. The rest are susceptible.  
‣ Susceptible agents are colored white. Infected agents are colored red. Removed agents are 

colored grey. 

• At each tick:
‣ Stop if all agents or no agents are infected.  
‣ For each agent: ;;S -> I 

‣ If I’m not removed AND there is at least one infected+red agent in radius 1 of myself: 
‣ With probability transmissibility, become infected  

‣ For each agent that is infected+red: ;;I -> S/R 
‣ With probability recovery-rate, become either susceptible or removed, depending on 

boolean switch. Update color.  
‣ For each agent ; 

‣ If infected, set color to red ;update color 
‣ Turn a random angle based on turning-angle 
‣ Move forward speed units





















Batch runs

• Repetitions: Most models have stochastic 
components. Run many times to obtain 
distributions of outcomes.  

• Parameter sweeps: Run simulations for many 
combinations of parameters to explore theory-
driven questions, and to ascertain robustness/
sensitivity.



BehaviorSpace



Statistical tests for simulation data

• Statistical tests are important for comparing model 
results to empirical results. 

• However, statistical tests are rarely appropriate for 
identifying an effect within the model itself. 
‣ A statistical test creates a model of the data generation 

process 

‣ However, you already have such a model! The solution 
is to run enough simulations to obtain limiting 
distributions.



Modeling Challenges

• See Modeling Challenges PDF  

• Can download working NetLogo model (if yours 
doesn’t work) 

• Work on this until ~4pm.





What can we do with models?

• Scaffold theory development by creating mental 
models 

• Explain generative mechanism behind existing 
data 

• Predict future data



Schank & Alberts (2000) Proc R Soc B; Schank (2008) J. Theor. Biol. 



• Data collection: 
‣ Rat pups moved around in arena individually and in 

groups at 7 and 10 days old. Video capture.  

• Model:  
‣ Agents move through simulated arena,  
‣ Evolved contingent movement behaviors in response to 

nothing, wall, and other pups

Schank (2008) J. Theor. Biol. 



Schank (2008) J. Theor. Biol. 



• Results: 
‣ Evolved models fit data than any null model  
‣ At 7 days, individual-evolved model fit group data with 

other pups treated as wall 
‣ At 10 days, individual-evolved model was terrible fit, 

required social contingent movement.  
‣ Supports conclusion that social awareness is not 

present at 7 days old, but is by 10 days old.  

Schank (2008) J. Theor. Biol. 



Turchin et al. (2013) PNAS 

• Epstein: If you didn’t 
generate it, you didn’t 
explain it 

• But, if you did generate it, 
you have only generated a 
candidate explanation





Data Model

Hills & Todd (2008) JASSS



Smaldino & Schank (2013) Complexity

Mate choice model

Male and female agents vary in “attractiveness” on 
1-10 scale and have opportunities to form pairs. 

Two decision rules:  
1. Prefer the most attractive 
2. Prefer the most similar 

Three movement rules 
1. Non-spatial/well-mixed (NS) 
2. Zigzag (ZZ): move rapidly through space 
3. Brownian (BR): move slowly through space



Assumptions about interaction networks can make two very 
different decision rules each fit the data

Smaldino & Schank (2013) Complexity









• Models formalize and scaffold theory development 

• Good theory structures the interpretation of data 

• Good theory leads to better hypothesis formation 

Models and Theory







Counterpoint:

(Begley & Ellis 2012, Nature)

Oncology 
47/53 ‘landmark’ studies 
did not replicate

Neuroscience  
Errors in popular 
statistical methods imply 
false positive rate of up to 
70%
(Eklund et al. 2016, PNAS)

(Open Science Collaboration 2015, 
Science)

Psychology  
61/100 studies in top 
journals failed to replicate 
(p < .05)

Most fields?

(Baker 2016, Nature)



Science as Signal Detection for Facts



How do we find facts?

1. Hypothesis Selection

Novel 
hypotheses

Tested 
hypotheses

A previously tested 
hypothesis is selected 
for replication with 
probability r, otherwise 
a novel (untested) 
hypothesis is selected. 
Novel hypotheses are 
true with probability b. 

1 – r r

2. Investigation

T

Real truth of hypothesis
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Exterior = experimental evidence
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Positive (+)
Negative (–)

General case General case (+ or –)

F
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3. Communication
Experimental results are communicated to 
the scientific community with a probability that 
depends upon both the experimental result 
(+, –) and whether the hypothesis was novel 
(N) or a replication (R). Communicated 
results join the set of tested hypotheses. 
Uncommunicated replications revert to their 
prior status.
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McElreath R & Smaldino PE (2015) Replication, communication, and the 
population dynamics of scientific discovery. PLOS ONE 10(8):e0136088.
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Recursions:

Solutions:

McElreath R & Smaldino PE (2015) Replication, communication, and the 
population dynamics of scientific discovery. PLOS ONE 10(8):e0136088.



Proportion true hypotheses at different numbers of net positive findings
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McElreath R & Smaldino PE (2015) Replication, communication, and the 
population dynamics of scientific discovery. PLOS ONE 10(8):e0136088.
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Proportion true hypotheses at different numbers of net positive findings

McElreath R & Smaldino PE (2015) Replication, communication, and the 
population dynamics of scientific discovery. PLOS ONE 10(8):e0136088.



“Nothing in biology makes sense 
except in light of evolution” 

–Theodosius Dobzhansky (1973)



“All social science research must do some 
violence to reality in order to reveal simple truths.” 

–Lazer & Friedman (2007)



Turning your idea into a model

• Not a trivial problem 

• Look for existing solutions 

• Get creative 

• Keep it simple (KISS) 

• Solicit feedback 

• Remember Hofstadter’s Law



Thanks for your attention!


