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Supervised and Unsupervised 

• When outcome data is specified/available we may do supervised learning. 

• Gold standard. 

• Without outcome data the problem is different. 

• Describe how the data is organized. 

• Clustering 

• Visualization 
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Typical supervised scenario 

• Outcome measure 

• Quantitative: survival time 

• Categorical: heart attack/no heart attack 

• Features (diet, clinical measurements, biomarkers) 

• Training data containing features with outcomes. 

• “feature vectors” 

• Build prediction model. 

• Break data into training and testing sets. 
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Supervised example 

Predict fish 

• Separate sea bass from salmon 

• Set up a camera to take pictures 

• Begin to identify distinguishing features 
(length, color, number and shape of fins) 

• Also notice noise in the system 
(variations in lighting conditions, 
position of the fish, electronic static) 

• After making observations, believe there 
are two different models for the fish—
different mathematical descriptions 

Duda et al. 2006 
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Example 

• Pattern recognition is then 

• Hypothesize the class of these models 

• Process the sensed data (images, segmentation) 

• Remove noise 

• Given the sensed pattern, choose the model that corresponds best 
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Example 

• Training examples 

• Label fish and compare features 

• l* is discriminating length 

• Is length a good feature? 

Duda et al. 2006 
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Example 

• No matter how we choose l*, we cannot separate the fish  

• Try lightness (careful to eliminate noise!) 

Duda et al. 2006 
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Example 

Cost 

• So far we have assumed equal consequences for errors (e.g., predicting 
salmon when actually sea bass) – symmetric 

• However, what if we are selling canned fish 

• Is a can of sea bass with a bit of salmon more acceptable than a can of salmon 
with some sea bass? 

• Alternatively, consider sensitivity and specificity for a medical diagnostic. 

 

Background Biomedical test processing Terminologies and ontologies NLP Tools Demo 



Example 

Cost 

• We wish to penalize calling a seabass a salmon 

• Adjust cost to favor accurately predicting salmon 

• It means we will put more salmon in sea bass cans, but this is acceptable 
given our problem’s context 

• So, how to do move x*? 

Duda et al. 2006 
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Example 

Cost 

• With costs, our true task is to make a decision rule that minimizes our cost 
function (not necessarily accuracy!) 

• Decision theory (in which pattern classification is an important subfield) 

We may seek a feature to better classify, but assume that lightness is the best 

• Now what? 
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Example 

• Combine features 

• Try lightness x1 and width x2 

• X = [x1  x2]
T 

• Problem is now to partition feature space into two regions 

• Side note: imagine 3d feature space, 4d, 100d? 

Duda et al. 2006 
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Example 

• Want to do better still 

• Add more features 

• Which features work best? 

• Are features redundant? 

• Can we have too many features? 

Background Biomedical test processing Terminologies and ontologies NLP Tools Demo 



Example 

• Suppose features are fixed (too expensive to generate more) 

• We create a more complex model that perfectly separates the fish 

• What’s the problem? 

Duda et al. 2006 
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Example 

• Our models must generalize to new instances of sea bass and salmon! 

• How do we quantify and favor simpler classifiers? 

• Cross-fold validation 

• Regularization 

 

Duda et al. 2006 
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Example 

• Change the problem 

• Classify fish gender (sell roe) 

• Classify damaged fish (for cat food) 

• Everything changes 

• New features 

• New decision boundaries 

• Our decisions are task specific 

• Creating a single, general purpose pattern recognizer is profoundly difficult 

• IBM’s Watson 
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The design cycle 

Data collection 

• Accounts for a large cost of system development, especially in medicine 

• A small set may be used to determine feasibility, but large amounts of data are 
needed to create a robust system 

• How do we know when we have collected a set that is adequately large and 
representational? 

• Number and diversity of features 

• Testing 

• “Curse of dimensionality”: as features go up (100s, 1000s), volume of space increases 
exponentially, resulting in severe sparsity 
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The design cycle 

Feature choice 

• Access to example data 

• Prior knowledge 

• Simple to generate 

• Invariant to transformations (e.g., image key points) 

• Insensitive to noise 

• Useful across classification categories (e.g., species and gender) 
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The design cycle 

Model choice 

• Regression? Decision tree? Support vector machine? 

• How do we know when the hypothesized model differs significantly from 
true underlying model? 

• When do we reject a proposed model? 

• Prior knowledge 

• Problem space 

• Type of features (e.g., categorical, ordinal, continuous) 

• Class labels (continuous, binary, ternary, etc.) 
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The design cycle 

Training and Evaluation 

• Models are trained through the observation of sample data 

• Percentage split 

• Cross validation 

• How do we adjust model parameters to prevent overfitting, but not 
oversimplify? 
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Biomedical text processing 

• Broadly defined field 

• General approach is to generate language features to do pattern 
classification for some problem 

• Natural language processing (NLP) implies linguistic analysis, and may be 
considered its own discipline 

Explanatory Pattern recognition 

NLP Text classification 

Linguistic features 
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General approach to text analysis 

• If we want to learn language properties from data, we need to annotate the 
data 

• Train on annotated data 

• Test methods on other annotated data 

• Through the annotation of corpora, we encode linguistic information in a 
computer-usable way. 
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An Annotation Tool 
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Workflow 

Raw 
Corpus 

Annotated 
Corpus 

Initial 
Tagger 

Annotation 
Editor 

Annotation 
Guidelines 

Machine 
Learning 
Program 

Raw 
Corpus 

Learned 
Rules 

Annotated 
Corpus 

Rule 
Apply 

Knowledge 
Base? 
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Areas of research 

• Natural language processing 

• Information extraction (IE) 

• Named entity recognition (NER) 

• Relationship extraction 

• Text classification (e.g., sentiment analysis) 
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Natural Language Processing 

• Artificial Intelligence dealing with human 
language. 

• NLP is AI-Complete. 

• Turing Test: Interrogator ‘c’ engages in a natural 
language conversation with ‘a’ and ‘b’ to 
determine which is a computer and which is a 
human. 
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NLP is tough 

• Obesity Study Looks for Larger Test Group 

• Hospitals Are Sued by 7 Foot Doctors 

• Juvenile Court to Try Shooting Defendant 

• Teacher Strikes Idle Kids 

• Stolen Painting Found by Tree 

• Kids Make Nutritious Snacks 

• Iraqi Head Seeks Arms 

Manning et al. 2009 
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Challenges in clinical text 

• Context 
• “no evidence of mass effect” / “herniation is not seen” 
• “history of lung cancer” 
• “father had heart disease” 

• Co-reference resolution 
• “it has grown significantly and now measures…” 

• Copy/paste 

• Non-standard reporting 
• Differing degrees of coverage 
• Clinicians vary 
• The same clinician can vary note to note 
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NLP highlights 

• Part-of-speech (POS) tagging 
• Mark each word as a noun, verb, preposition, etc. 

 

 

• Syntactic parsing 
• Identify phrases: NP, VP, PP 

 

 

 

• Semantic word categories (e.g. from WordNet) 
• MI: heart attack, myocardial infarction, MCI 

29 
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Information Extraction  (IE) 

• Identify specific pieces of information (data) in a unstructured or semi-
structured textual document. 

• Transform unstructured information in a corpus of documents into a 
structured database. 

• Applied to different types of text: 

• Medical records 

• Scientific articles 

• Newspaper articles 

• Web pages 

30 
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IE: Named-entity recognition 

• Identify in a collection of text all mentions of a “thing” 
• Drug names 
• Gene names 

• First step in more complex analysis 

• Problem 
• The same “thing” has many different names 

• Heart attack and myocardial infarction 
• Different “things” may have the same name 

• Ferritin lab test and ferritin the substance 

• Approaches 
• Lexicon-based (string matching) 
• Rules-based (pattern matching) 
• Probabilistic 
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IE: Relationship extraction 

• Detect occurrences of a prespecified type 

• First find named entities 

• Then characterize the relationships between them 
• Patient X has Disease Y 
• Patient Z used to smoke 
• Gene A regulates Protein B 

• Approaches 
• Use templates 
• Use statistical co-occurrence 
• Use linguistic parsing 
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Text classification 

• Determine whether document or document part discusses a given topic or 
contains a certain type of information 

• Classify tweets as positive, negative, or neutral 

• Approaches 

• Generate language features 

• Train classifier using manually annotated data 

• Test 
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Twitter sentiment for Paxil 

• Use sentiment dictionary to provide emotional measures for words 
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Twitter sentiment for Paxil 
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Twitter sentiment for Paxil 
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Terminologies and Ontologies 

• Unified Medical Language System (UMLS) 

• Knowledge-based resource for normalization and relationship definition 

• Map text to terminology/ontology 

• Perform automatic reasoning 

• Developed by National Library of Medicine 

• Began in 1986 as long-term R&D project  

• Overcome barriers to effective retrieval of machine-readable information 
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The UMLS consists of 

Metathesaurus       Semantic 
       Network                               

  SPECIALIST  
Lexicon +Tools 

135 broad 
categories and 
54 
relationships 
between them  

1 million+ 
biomedical 

concepts 
from over 100 
sources 

lexical 
information and 
programs for 
language 
processing 

3 Knowledge Sources 
used separately or together 
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UMLS Uses 

• Information retrieval 

• Thesaurus construction 

• Natural language processing 

• Automated indexing 

• Electronic health records (EHR) 
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UMLS Releases 

• 3-4 updates (releases) per year 

• Tools: 

• MetamorphoSys – install and customize  

• RRF Subset Browser 

• Lexical tools including LVG 

• Download from UMLSKS or on DVD 
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Metathesaurus 

• 100+ general and specialized biomedical vocabularies 

• 17 languages (63% English) 

• 1 million+ concepts;  6 million+ names  

• 100K+ relationships (hierarchical, semantic, statistical and mapping 
relationships) 

• Distributed in a common electronic format 
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Metathesaurus Concepts 

• Synonymous terms clustered into a concept 

• Unique identifier (CUI) is assigned 

• Source information preserved 

Addison’s disease 

Addison’s disease                   SNOMED CT       PT 363732003 

Addison’s Disease                   MedlinePlus       PT   

 T1233 

Addison Disease                     MeSH 

 PT D000224 

Primary Adrenal Insufficiency      MeSH 

 EN D000224 

Primary hypoadreanlism       MedDRA 

 LT 10036696 

    syndrome, Addison 

… …  C0001403 
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Semantic Network 

• 135 Semantic Types  

• Assigned to all Metathesaurus concepts 

• 54 Semantic Relationships 

• Useful, important links between Types  

• Hierarchical “is-a” and associative relations  

• Categorize the Metathesaurus 

• Enhance meaning of concepts 
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“Biologic Function” hierarchy (is-a) 
Biologic Function 

360 

Pathologic Function 
9983 

Physiologic Function 
691 

Disease or 
Syndrome 

67716 

Cell or 
Molecular 

Dysfunction 
1276 

Experimental 
Model of 
Disease 

72 

Organism 
Function 

1528 

Organ 
or Tissue 
Function 

2912 

Cell 
Function 

4417 

Molecular 
Function 
13442 

Mental or 
Behavioral 
Dysfunction 

5691 

Neoplastic 
Process 
19436 

Mental 
Process 

1224 

Genetic 
Function 
1340  
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Semantic Relations: between types 

• Disease or Syndrome associated_with Finding  
 

• Disease or Syndrome result_of Pathologic Function   

 

• Body Part, Organ, or Organ Component location_of Disease or Syndrome  
 

• Hormone affects Disease or Syndrome  
Hormone causes Disease or Syndrome  
Hormone complicates Disease or Syndrome  
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http://umlsks.nlm.nih.gov/kss/servlet/Turbine/action/DoSemNetServletSearch/template/semanticNW,SNScreen.vm;jsessionid=65834A541FD61D422981DB1B95C65778.kss3?querytype=STYPE&semtype1=Hormone&dbyear=2004AA&expandtree=true&inptype=text
http://umlsks.nlm.nih.gov/kss/servlet/Turbine/action/DoSemNetServletSearch/template/semanticNW,SNScreen.vm;jsessionid=65834A541FD61D422981DB1B95C65778.kss3?querytype=SREL&semtype1=causes&dbyear=2004AA&expandtree=true&inptype=text
http://umlsks.nlm.nih.gov/kss/servlet/Turbine/action/DoSemNetServletSearch/template/semanticNW,SNScreen.vm;jsessionid=65834A541FD61D422981DB1B95C65778.kss3?querytype=STYPE&semtype1=Disease+or+Syndrome&dbyear=2004AA&expandtree=true&inptype=text
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SPECIALIST Lexicon and Lexical Tools 

• English lexicon of 300K+ common words and biomedical terms 

• Lexical records encode information on: 

• Syntax – structure of sentences 

• Morphology – structure of words 

• Orthography – spelling  

• Used with associated lexical tools  

• in Metathesaurus production  

• in natural language processing applications 
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SPECIALIST Lexicon Lexical Entry 

• {base=disease 
 entry=E0023270 
    cat=noun 
    variants=reg 
    variants=uncount 
    compl=pphr(of,np|bone|) 
    compl=pphr(of,np|breast|) 
    compl=pphr(of,np|liver|) 
    compl=pphr(of,np|ovary|)}  

 

Base form 

Unique identifier 

Part of speech 

Lexical variants 

 

Prepositional 
phrase 
complements 
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cTAKES Overview 

• How do we map to UMLS terms? 

• clinical Text Analysis and Knowledge Extraction System 

• Open source software 

• Developed at Mayo Clinic 

• Built on the Apache UIMA framework 

• Unstructured Information Management Architecture (IBM) 

• UIMA framework itself is also open source 
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cTAKES Goals 

• Phenotype extraction – locate and characterize patient observations. 

• Generic – to be used for a variety of retrievals and use cases 

• Expandable – at the information model level and methods 

• Cutting edge technologies – best methods combining existing practices and 
novel research with rapid technology transfer 
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Original cTAKES Components 

• Sentence boundary detection 

• Tokenization (rule-based) 

• Morphologic normalization (NLM’s LVG) 

• POS tagging  

• Shallow parsing  

• Named Entity Recognition 

• Dictionary mapping (lookup algorithm) 

• Negation and context identification 
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Original cTAKES Named Entities 

• Drug mentions 

• Disease/disorder mentions 

• Sign/symptom mentions 

• Anatomical site mentions 

•  With these attributes 

• RxNorm code or Concept Unique Identifier (CUI) and SNOMED-CT codes. 

• Negation (denies chest pain) 

• Status (history of, family history of, possible/probable) 
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Additional cTAKES Components 

• Smoking status classifier 

• More detailed drug mention annotator 

• dosage 

• route 

• form 

• drug change status 

• and more 

• Peripheral Artery Disease (PAD) annotator 
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Demo (time permitting) 

• RapidMiner tweet classification 
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