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what is this class about? 

• health informatics 
– managing and making sense of 

biomedical information 

• … but mostly from an artificial 
intelligence/machine learning/nlp 
view 
– accomplishing the above with learning 

systems 



what is this class about? 

• by way of example… 



can search queries predict flu outbreaks? 

[Ginsberg et al., Nature, 09] 

model probability of flu, 
given search terms. 



Google flu trends 

(movie time). 



computer-aided diagnosis 

Images from Wikipedia 



clinical decision support for $200 

•  IBM’s Watson is moving into the area of 
clinical decision support 
–  long history of AI in this area 

•  aim: assist physicians naturally, exploiting 
huge database of stored knowledge 
– uses natural language processing, machine 

learning methods 



medical question answering 

movie time 



detection of cardiovascular events 

•  can we detect cardiac events? 

movie time 



medical informatics 

the scientific field that deals with biomedical information, data, 
and knowledge ‒ their storage, retrieval, and optimal use for 
problem solving and decision making.   

     Shortliffe & Blois 



a (very) little history 

•  1920s – Hollerith punch cards for public 
health surveys / epidemiological studies 

•  1950s – Data processing for billing 
•  1960s – Clinical Support Systems 
•  1970s – Hospital Information Systems 
•  1980s – Management Information 

Systems, Computer Diagnostic Imaging 
•  1990s – Unified Health Records, Clinical 

Decision Support Systems 



rise of medical informatics 

•  increased reliance on evidence-based 
practice guidelines 

•  too much information – not enough 
time to analyze 

• uncertainty abounds 
•  lots of patients / patient-centered 

movement 



a brief illustrative task: 
abstract screening 

• or, a shameless instance of rampant 
self-promotion, 

• or, our day job 



abstract screening 

•  Systematic review: an exhaustive assessment 
of existing published evidence regarding a precise 
clinical question 

•  Goal is to have doctors screen a small number of 
abstracts (e.g. 100s) and have a classifier do the 
remainder automatically  

Review 
Specification 

Search 
(PubMed) 

Abstract 
Screening 

Data Extraction 
and Synthesis 

Do β-blockers increase mortality rate in patients  
who have suffered a recent heart attack? 

20M 
documents 

10k 
documents 

100 
documents 

[Wallace et al.; KDD 10] 



… is a lot of work 



predictive models 

Domain Expert 

World 
Knowledge 

Lorem ipsum dolor sit amet, consectetur adipisicing 
elit, sed… 

Hypothesis 

relevant / irrelevant 



machine learning 

Unlabeled Data 

Learning Algorithm 

Labeled Data Domain Expert 

World 
Knowledge 

- Learning algorithm 
- Feature Space Specification 
- Model Selection 
- Tunable Parameters 
- Et Cetera 



machine learning 

Unlabeled Data 

Learning Algorithm 

Labeled Data 

Hypothesis 

relevant / irrelevant 

Lorem ipsum dolor sit amet, consectetur adipisicing 
elit, sed… 



abstract screening, redux 

• need to derive a suitable 
representation for the input data 
(text) 

• need to select an appropriate 
learning algorithm 



bag-of-words representation 

•  classification algorithms operate on vectors  

•  feature space: an n-dimensional representation of things 
- … but how to vectorize text? 

•  bag-of-words: map documents to indicator vectors 



a bag-of-words example 

let’s say we want to encode two sentences 

S1= “Boston drivers are frequently aggressive” 
S2= “The Boston Red Sox frequently hit line drives” 



eliminate stopwords 

S1= “Boston drivers are frequently aggressive” 
S2= “The Boston Red Sox frequently hit line drives” 



remove case information 

S1= “boston drivers are frequently aggressive” 
S2= “The boston red sox frequently hit line drives” 



stemming 

S1= “boston drivers are frequently aggressive” 
S2= “The boston red sox frequently hit line drives” 



feature vectors 

hit red sox line boston frequent drive aggressive 

x1 = 0 0 0 0 1 1 1 1 
x2 = 1 1 1 1 1 1 1 0 

a new sentence, S3, comes along it reads: “I hate the 
red sox”. to which sentence is it most similar? 

x3 = 0 1 1 0 0 0 0 0 



support vector machines 
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computer-aided diagnosis 

Images from Wikipedia 



pipeline model 

•  decomposes complex task into sequential 
stages of simpler tasks 

•  drawbacks? 

Preprocessing 

Segmentation 

Region of Interest 
Detection 

Classification 

       Hypothesis 



inference 

•  actionable intelligence may require 
multiple classifiers and domain knowledge 
–  important for structured information 

•  how do we effectively assemble this 
information? 

•  how do we get system users to trust the 
results? 



unique issues 

•  low prevalence, asymmetric loss 

• value of engineering 

•  tons of available data 

• analytic frameworks & formal 
reasoning systems already exist 



course goals, expectations & 
logistics 



what are our goals? 

•  a survey course on the application of ai 
and ml to health informatics 

•  a competence level of such that you will 
understand research papers and 
implement ideas 
– …ideally at a level at which you can conduct 

your own research 

•  this is *not* a bioinformatics course 



useful textbook 



expectations & logistics 

•  read class material before class 

•  ask questions 

•  grading 
– 25% homework (4-5 written/programming) 
– 10% reaction papers (6-8 one page) 
– 25% midterm 
– 40% final project (collaborative, per approval) 



coordinates 

•  http://www.cs.tufts.edu/comp/150AIH/ 
•  ksmall@cs.tufts.edu 
•  byron.wallace@gmail.com 


