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Figure 5.4
A neural network for treatment prediction

extent to which characteristics should be considered in the model to achieve the highest
accuracy in predicting the intervention.
Neural networks are another machine learning approach that we will briefly introduce

here, as discussed by McCulloch and Pitts (1943) and Ripley (1996). A neural network is
a statistical model that consists not only of one but an entire system of regressions, with
the aim being to achieve high accuracy in predicting the intervention or the outcome. Each
characteristic serves as input to this system of regressions, which are connected and com-
municate with each other, a bit like the neurons in the human brain—hence the name “neural
network.” Including more regressions in the system increases its complexity and has a role
similar to that of using more splits in a decision tree. Therefore, the question arises as to how
many regressions (also known as “nodes”) should be included in the neural network to max-
imize the accuracy of the prediction. Complex networks with many nodes that are organized
in multiple layers are referred to as “deep learning” and are widely used in various domains,
such as image classification (e.g., cats versus dogs) or natural language processing. Figure
5.4 provides an example of a neural network with five characteristics and two layers, one
with four and the other with three nodes (or regressions, denoted by �), for estimating the
model for the intervention. As with other machine learning approaches, validation can be
used to help determine the optimal number of layers and nodes in the neural network to
achieve the highest accuracy in predicting the intervention or outcome.
The final machine learning algorithm that we consider in our brief survey is the ensemble

method. It consists of combining several machine learning algorithms by averaging their
predictions (see, for instance, Zhou, 2012 and van der Laan et al., 2007). Such averaging
may outperform each of the individual algorithms in terms of predictive accuracy. Also,
for ensemble methods, we may use cross-validation to determine the optimal importance or
weight of each algorithm in the average prediction, maximizing accuracy.
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