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What is a scientist?













Mechanistic (mathematical) model

❖ Process-driven with question starting with How

❖ You generate data with simulation



Discrete vs. continuous



Deterministic vs. stochastic



Non-spatial vs. spatial vs. network



Compartment models



Insights





Statistical model
❖ Data-driven with question starting with What

❖ Test patterns in data using predefined functions



Statistical model
❖ Data-driven with question starting with What

❖ Test patterns in data

Correlation does not imply causation
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Network analyses



Fit mechanistic models to data



Fit mechanistic model to data

Minimize sum of squares

Mechanistic modelCombines the best of mechanistic and statistical method



Model selection
❖ Some methods

❖

❖ Least square 
❖ Log likelihood

❖ AIC
❖ BIC
❖ RMSE

❖ …
❖ There is no consensus among 

statisticians…it is an art

R2, adj-R2

You can always fit a model,
 and select the best model

But it is just the best based on what 
you tried



More on quantitative skills





Basic R



More advanced R
Spatial visualizationModel fitting

Model construction
Forward simulation in time
Optimization
Precise visualization

Solving differential equations?



Useful math



Basic math

Basic R

Research questions

Advanced R

Compartment model

LM, GLM

GLMM Network

The new you





You are now well equipped



Any aminareo ny baolina


