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Decision trees are made of yes/no questions 
(nodes)



How do we know if this 
is the best branching 
structure?





Random Forests
• Made of decision trees 

• Uses bootstrapping 
observations and predictors to 
make a “forest” of decision 
trees which are aggregated 
(Bagging)

• Observations left out (due to 
bootstrapping – OOB – out-of-
bag) are used to estimate error

• Can extract importance of 
variables ”Gini” Score by 
comparing trees with/without 
variable included



https://timvink.nl/post-balanced-trees/

Bootstrapping



https://www.pnas.org/doi/10.1073/pnas.0901956106

Decision trees

Decision tree showing extinction risk based on ecological traits (body mass, geographic range 
size, mass-specific production rate, population density, group size, home range, activity 
period, type of landmass, habitat mode, sociality, trophic group).



The more trees in the random 
forest, the more accurate the 
model (with diminishing returns)

Error is estimated during bootstrapping 
– called out of bag (OOB) error





Leaves = Predicted responses





Gini score helps 
interpretability
Provides measure of 
variable importance



Common Mullen



Not 
enough 
grass

Too 
much 
grass

Non-linear relationships are difficult to model with standard linear models
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Grass is 
important 
predictor

Not 
enough 
grass

Too 
much 
grass

Predicted from random forest



Advantages

1.Accuracy under complexity: Random Forest is known for its 
high accuracy when relationships between variables are not 
straightforward (interactions and non-linearities).
2.Variable Importance: It provides insights into which variables 
are most important in prediction, aiding in hypothesis testing 
and feature selection (though multicollinearity is an issue)
3.Versatility: Suitable for both classification and regression 
tasks, making it a versatile tool for various types of data.

Random Forest

Disadvantages

1.Model Interpretability: Less interpretable compared to 
simpler models like linear regression.
2.Computationally Intensive: It can be computationally 
expensive, especially with large datasets and a large 
number of trees.
3.Bias in Multiclass Problems: Tends to be biased 
towards classes with more instances in classification 
problems (address by sub-setting data for balanced 
classes to train model)



Random 
forest

Neural 
network





Neural network

• Internal nodes are functions

• Edges between nodes 
influence outcome

• Outcome is product of effect 
of all input and 
transformations in internal 
nodes

• Values of weights and edges 
are those that fit the data 
best

“Deep learning” refers to having multiple hidden layers

Predictor variables

Hidden layers

Hidden layers

Predicted response















Activation functions
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