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Develop a philosophical question

• Make sure the problem is clearly defined
• It doesn’t need to be in the philosophical literature
• Avoid: Model looking for a problem
• Avoid: Simply asking “what happens if I do x to Prof.

So-and-so’s model?”
• Avoid: Assuming all questions can be answered with a

model



Clarity from the beginning

• What are you trying to model?
• The world as it actually is
• A (physically) possible world
• Something even more remote

• What purpose will the model serve?
• Is it to generate predictions about this world or a possible

world?
• Is it meant to explain something in the world?
• Is it meant to guide thinking or develop new theories?

• Answering these questions will guide the development of
the model
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Example

• Problem: How should scientists best communicate with
one another?

• I started with an empirically plausible model of how
individual scientists behave

• I placed them in a variety of social setting and see which
does better

• I hoped this would provide a normative model at the social
level

• Problem: Do scientists do best when left to their own
devices?

• We made (or reused) a plausible model of scientists left to
their own devices

• We wanted to see what choices they make, and compare
that to how they might do with some external control
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Lay out a general model

• Answer Aaron’s and Ryan’s questions: time, space, etc.
• Describe the model in natural language (no programing

yet!)
• Think about how other formal models might fit your project



Example

• How should scientists communicate about their successes
and failures with general theoretical choices?

• Assume that communication is symmetric (allows for the
use of undirected graphs)

• Assume that everything or nothing is communicated
• Scientists want to spend the most time working with the

best theory
• But scientists don’t know what theory will work ahead of

time



Outline

1 Develop a philosophical question

2 Lay out a general model

3 Formalize and distill the model

4 Look for analytic solutions

5 Program

6 Simulate

7 Test for robustness

8 Search the literature

9 Write



Outline

1 Develop a philosophical question

2 Lay out a general model

3 Formalize and distill the model

4 Look for analytic solutions

5 Program

6 Simulate

7 Test for robustness

8 Search the literature

9 Write



Formalize and distill the model

• Work out all the details completely
• Idealize as much as possible! (Yes, I’m serious.)
• Be clear about your assumptions
• Think about future generalizations



Example

The choice of theories

• There is a finite set of scientific theories
• There is an effectively infinite set of potential problems to

which each theory might be applied
• For each theory applied to each problem there is a

probability distribution over the degree to which that theory
succeeds in solving that problem

• This makes this problem a Bandit problem
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Look for analytic solutions

• Sometimes you can solve closely related problems:
• Smaller
• Larger (infinities)

• Solve part of the problem analytically
• Doing this is critical so that you can develop “sanity

checks” for your simulations



Example

• In bandit problems (of a common type) individuals who
choose the option which currently looks best can end up
choosing sub-optimally

• Individuals who experiment with some fixed probability will
converge (in the limit) to playing the optimal strategy
(except for experimentation)



Simulations and analytics: Example

Choose your ε game

• Individuals will play a finitely repeated, two armed bandit
problem

• Each individual is constrained to use an ε-greedy strategy
• Individuals choose their own ε

• This is a strategic interaction – which ε is best depends on
the choice of others



Simulations and analytics: Example

• We want to find the Nash equilibria of this game
• To do so we need to find what are the “best response”

functions
• The function that takes as input everyone else’s strategy

and tells me what is best for me

• Usually, best response functions are derived from utility
functions, which are specified in advance



Simulations and analytics: Example

Three options

1 Calculate the utility functions analytically
• Essentially impossible – combinatorially gigantic

2 Simulate the utility functions and then derive the best
response functions

• Possible, but also large (depending on resolution)
3 Simulate the best response functions

• Fix the n − 1 players’ choices and have the remaining
player “hill climb” to find the best response
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Simulations and analytics: Example

• Once the best response function was simulated, we then
use linear regression to estimate the function

• With this in hand, we could calculate the Nash equilibria of
the game
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Program

• This is what you’ve been working on
• Often you’ll find you didn’t make a decision about some

aspect of the model
• Spend time unit testing and optimizing
• Avoid: Designing the model by doing what is easy to code
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Simulate

• Check obvious cases as sanity checks
• Look for interesting results
• Use statistics
• Find more variables to help explain interesting result
• Run more simulations! (Never be satisfied with an odd

result)



Example

• Odd result: When scientists are not dogmatic
communication is bad, when scientists are dogmatic
communication is good

• From end-of-run, success-or-failure measurements, I could
not tell why.

• First, I distinguished between end-of-run failures (those
that universally chose the bad option from those that were
diverse)

• Then, I went back and measured diversity on each time
step, so I could graph step-by-step diversity

• This explains the odd result
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Test for robustness

• Some types robustness is easier to test for than others
• Do the best you can
• Some failures of robustness are interesting, some mean

you should start over
• Some tools are useful (BehaviorSpace and

BehaviorSearch)



What should be tested?

• Everything!
• Go beyond the quantitative variables in the model
• Test the most idealized/implausible assumptions first
• This can be the most frustrating part

• If everything works out, it’s a footnote
• If it doesn’t, the model maybe worthless



What if the result is not robust?

• Look for patterns
• Is the failure in one particular region of the parameter

space?
• Does the failure track one type of departure from your

assumptions?
• If there is a pattern...

• Can the world be appropriately modeled by the different
“regions”? An interesting result!

• Is one region of the parameter space more implausible as a
model of the world?

• If not, you have a future problem to investigate, where does
the world fit?

• If there is no pattern...
• Time to rethink
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Example

• Epistemic Diversity considers agents who do not
experiment with the apparently inferior theory

• In doing the simulations, I considered a response strategy
called “soft-max” which experiments based on the degree
of difference

• If the two options are thought near each other in value,
experiment a lot

• If they are thought very different, experiment rarely

• The results appeared robust



Example

• While working on State of Nature we checked the earlier
results about communication

• We found an interesting type of non-robustness



Example



Example

• What does this say?
• Optimistic reading: It provides a more complicated, but still

informative picture about the relationship between
performance, willingness to experiment, and
communication.

• Pessimistic reading: It undermines the robustness of the
model from Epistemic Diversity and renders it useless

• Because the results seem to follow a pattern, I’m inclined
to the former, but cautiously

• More robustness testing needs to be done
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Search the literature

• Why so late?
• Waiting improves creativity . . .
• . . . but runs the risk of wasting time

• Be sure and look at other modeling literatures (economics,
sociology, public health, biology, etc.)
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Write

• Avoid: Simply reporting what happens without offering an
explanation

• Interweave your problem and conclusion along with the
discussion of your simulations

• Say what robustness testing you’ve done, and what you
haven’t

• Defend your assumptions, but be honest about them
• Suggests how one might extend your model to answer

related questions, test for robustness, or answer potential
objections



Defending models

• Reference other similar uses of models
• Say explicitly what your analysis gained from using models
• Avoid: Getting bogged down in a discussion of the

philosophy of modeling
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