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Health

Risk-related outcomes can include:

(1) Probability of:

• Mortality

• Morbidity

• Adverse Events

• Readmission

• Lengthy Hospital Stay

• High-Cost Patients

• Etc.

(2) Time to event for all events above

Risk

Banking 

Risk-related outcomes can include:

(1) Probability of:

• Delinquency

• Charge-off

• Bankruptcy

• Recovery

• Highly (un) profitable customer

• Etc.

(2) Time to event for all events above



Health

Segmentation refers to 

identifying sub-populations

of similar characteristics that 

can be used for targeted 

communications, processes, 

programs and treatments for 

more effective and efficient 

treatment.

Segmentation

Banking 

Segmentation refers to 

identifying sub-populations

of similar characteristics that 

can be used for targeted 

communications, processes, 

programs and offers for more 

profitable and efficient 

businesses.



Health

Process evaluations: Analyze the effectiveness of program operations, implementation, and 

service delivery

Program evaluations: Examine whether a program can be said to causally impact the 

outcomes.  

Items examined include 

• Effectiveness

• Equity

• Efficiency

Evaluation

Banking 

Both process evaluations and program evaluations are fundamental to health 

and banking!



• Machine Learning methods can be grouped into a few 
categories:
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1. Supervised Learning 
(completely labeled data: 

an outcome exists)

2. Unsupervised Learning 
(completely unlabeled data: 

no outcome)

Predicting outcomes like: 
Mortality, Readmission, 
Length of Stay, Costs, 
Resource Utilization

Patient segmentation

Recommender systems

• Other categories of Machine Learning such as Semi-Supervised 
and Reinforcement Learning will not be covered today

Machine Learning Methods



• Feature selection is a major consideration where often the 
feature space (possible input variables) is extremely large and, 
we often require a very limited set of features (input variables)

• Consider Acute Heart Failure.  To model the probability that an 
AHF patient will be readmitted to the hospital we could:

1. Pre-specify the features based on the literature, expertise, 
etc. 

2. Use a data-driven approach to identify which 
characteristics (diagnosis, procedures, demographics, etc.) 
are most predictive of the outcome of interest

What are the advantages and disadvantages/risks of these 
two methods?

Change this example to credit card fraud…what is 
different?

Feature (Input variable) Selection 



Risk Modeling
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Risk Modeling is an example of 

Supervised Learning

• Both health & banking risk models want to avoid two issues

1. Underfitting: Fails to capture much of the pattern/relationships. 
Not specific enough

2. Overfitting:  Learns the data, not the pattern/relationships.      
Not generalizable.

Underfitting Overfitting



Risk Modeling was/is often solved by 

regression

• Least squares and logistic regression are 
traditional methods by other regression methods 
used include:

• Least Absolute Deviation (LAD): Minimizes the sum 
of the absolute deviations

• Least Angle Regression (LARS): Leveraging the 
correlation between the variables and the residuals.

• Generalized Linear Model (GLM): Allows for 
response variables that have other error distributions. 

• Generalized linear mixed models (GLMMs): An 
extension to GLMs that includes random effects - also 
referred to as multilevel models or mixed models.



Risk Modeling also now examined 

using many other methods including

Supervised Learning:

• Regression modeling

• CART modeling

• Naïve Bayes Classification

• K-nearest neighbors

• Support Vector Machines

• Neural Networks

• Natural Language Processing



Risk Modeling is now explored using 

other techniques like…CART

CART is a popular method for data modeling.  CART consist of if/then 
rules for assigning observations into groups.  An example appears below:

All patients start in the Root Node.  The CART searches to find the best variable to split
observations and where exactly that split should occur using a pre-defined set of rules.  
Then repeat. All observations that belong to the leaves (final split) are assigned the 
same predicted value.

All patients

Patients>20 

years old

Patients<=20 

years old

Patients lives in 

North East

Patients doesn’t 

live in North East
Female Male

Root Node

Leaf

Splitting rules2 Branches 

per node



…and K-nearest neighbors (K-NN)

K-NN Classification: In predicted class is the class that received the 
most votes from the k-nearest neighbors.
K-NN Regression: The predicted value is the value that received the 
most votes from the k-nearest neighbors.

K-NN is intuitive and easy to compute



K-nearest neighbors (K-NN)

As K increases, the boundary between different groups in K-NN 
classification becomes smoother.

Researchers often struggle with K-NN if they fail to normalize the dimensions, fail 
to explore appropriate values of K, and/or try K-NN with too many dimensions 
(the above example only has 2 dimensions)



Neural Networks

Neural Network models originally take their inspiration from the 
biology of how a neuron functions including the concepts of an 
activation function and binary output (either a neuron fires or doesn’t 
fire)



Neural Networks: Multilayer 

Perceptron (MLP)

A multilayer perceptron uses a feed-forward network meaning that the 
connections between the units do not form a cycle (no loops) so that 
the information moves in only one direction (forward) from the input 
nodes through hidden nodes to the output nodes.

Learning occurs by changing connection weights based on the amount 
of error in the output compared to the expected result. 



Other Neural Networks: CNN & RNN

•Convolution neural networks (CNN) are used in image tagging where 
there are multiple filters with different kernels to extract image features 
such as brightness, edges, direction of shading, etc. 

•Recurrent neural networks (RNN) have connections between units that 
form cycles (loops). These loops allow RNNs to model time series data 
and can be helpful for speech recognition, handwriting recognition and 
natural language processing. 



Segmentation
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Unsupervised Learning

•A number of applications of unsupervised learning exist including:

– Segmentation: Rather than treat a population as one homogeneous group, 
identify sub-populations for targeted care, communication, etc. where those 
sub-populations are identified by the data itself

– Recommender systems: Using similarities in individual characteristics, make 
recommendations of new items for a person (i.e. Netflix, Spotify,…medical 
applications?)

– Dimensionality reduction: Often we start with too many features (input 
variables) and want to reduce to a smaller set of dimensions

– Feature identification: Instead of focusing on the input data itself, use 
unsupervised learning to identify important features of the data to be used 
for further modeling.



Segmentation: K-means clustering

•One of the most popular methods for doing clustering is k-means 
clustering where the observations (n) are assigned to one of k clusters.

1. Assign k seeds                2. Create k clusters

3. Compute centroid       4. Repeat 2 & 3 until convergence



Segmentation: Hierarchical Clustering

•Another popular method is hierarchical clustering where there is a 
definitive hierarchy of the clusters.  This type of clustering falls into one 
of two categories: Agglomerative or Divisive

Agglomerative DivisiveIteration

1

2

3

4



Segmentation: Cluster analysis

•Regardless of the clustering method, once clusters are constructed you 
need to characterize them

•What are some analysis steps you could take to describe the clusters?



Evaluation

24



Process evaluations: 

Analyze the effectiveness of program operations, implementation, and service delivery

How are process evaluations used in health and finance?

Program evaluations: Examine whether a program can be said to causally impact the 

outcomes.  

Items examined include 

• Effectiveness

• Equity

• Efficiency

Did my program make a difference?  Who did it benefit? Was it money well spent?

Evaluation



Controlled/Random 

Experiments

The casual effect is clear

Examples: Randomized Clinical 

Trials, A/B Testing

Types of Experiments

Quasi-Experiments

Assignment often by self-selection 

or administrator selection. 

Non-Experiments or 

Pre-experiments

Observations that are often the 

starting point for developing quasi-

experiments or controlled/random 

experiments (case studies).



Evaluation

Cohort Level

Comparative 

Methods
Quasi-Experimental 

Methods

• Indirect comparisons

• Systematic reviews

• Meta-analysis

• Value frameworks

• Propensity methods

• Instrument variable

• 2-stage modeling

• Regression discontinuity

• Interrupted time series

• Fixed effects modeling



Company 
Snapshot
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Leadership
The principals at Sygeny have decades of work and leadership experience in healthcare 

research, IT development, commercialization and healthcare market access

Product development and 

commercialization experience in both 

infrastructure and mobile 

communication devices in NK Cables, 

Nokia and Microsoft globally.

Expertise in introducing new and 

untested product and service concepts

Expertise in applied statistics, health 

economics and outcomes research. 

Has created numerous start-ups in areas 

of outcomes research, data modeling 

and applied technology. 

Adjunct Professor at Columbia University.

Clinical pharmacy practitioner,  health 

services researcher and consultant. 

Senior advisor on health economics and 

outcomes research issues for a number of 

companies. 

Adjunct Professor at Ohio State University 

College of Pharmacy. 

Anita Navaratnam Dr. Howard Friedman Dr. Prakash Navaratnam
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