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Section	  1:	  Data	  Indexing	  and	  Retrieval	  

•  Information retrieval (IR; aka, search) 
•  Big picture 

•  Content, indexing, retrieval 

• Overview of topics in this section 
•  Finding and accessing datasets, indexing, and identifiers  
•  Data curation and version control  

•  Ontologies  

•  Metadata standards  

•  Provenance  
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Introducing	  myself	  

William Hersh, MD 

Professor and Chair 

Department of Medical Informatics & Clinical 
Epidemiology 

School of Medicine 

Oregon Health & Science University 

Email: hersh@ohsu.edu 

Web: www.billhersh.info 

Blog: http://informaticsprofessor.blogspot.com 

Twitter: @williamhersh 

  

About	  this	  lecture	  

• Content derived from OHSU Open Educational Resources (OERs) 
content, funded by BD2K Grant 1R25GM114820 

•  https://dmice.ohsu.edu/bd2k/ 

• Will introduce topic with overview of Information Retrieval that focuses 
on organization, indexing, and retrieval of data sources 

•  Will also introduce specific topics for rest of Section 1 

• Secondary aim is to demonstrate the OERs approach: Taking content 
from our library to use and re-purpose to teach and learn data science 

•  Drawn from BDK10 and BDK14 
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Data	  and	  Information	  Retrieval	  

Big	  picture	  of	  IR	  (Hersh,	  2009)	  

• Life cycle of scientific data and information 

•  IR process 

• Knowledge discovery 

• Challenges 
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Life	  cycle	  of	  scientiGic	  data	  and	  information	  

New 
research 

Write up 
results 

Submit for 
publication 

Publish 

Secondary 
publications 

Peer 
review 

Public data 
repository 

Relinquish 
copyright 

Revise 

Reject 

Accept 

Notice focus on information and paucity of data (currently) 

IR	  also	  a	  growing	  part	  of	  “knowledge	  discovery”	  
from	  scientiGic	  literature	  

All literature 
 

Possibly relevant 
literature 

 
Definitely relevant 

literature 
 

Structured 
(actionable) 
knowledge 

Information 
retrieval 

Information 
extraction, 
text mining 
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IR	  process	  

Metadata 

Queries Content 

Search 
engine 

Retrieval Indexing 

IR	  is	  now	  “mainstream”	  
•  91% of US Internet users (73% of US 

adults) have used a search engine 
•  71% of Internet users (59% of US 

adults) have searched for health 
information, with 35% using it for self-
diagnosis 

•  US users now make up only 12% of 
world Internet population 

•  “Search” is considered an “integral 
application” 

•  Not only in libraries but also in 
enterprises and on individual 
computers and mobile devices 

•  “Search engine optimization” (SEO) 
is a key function used by many 
companies and organizations  

•  Many are willing to pay  
•  Some are lucky, e.g., last name of 

“Hersh” 

(Purcell, 2012), (Fox, 2013), (comScore, 2012), (Barrows, 2006), (Google, 2010), (Segal, 2011) 
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IR	  and	  online	  access	  Girmly	  planted	  in	  health	  and	  
biomedicine	  
• Biology is now defined as an “information science” 

• Pharmaceutical companies compete for informatics/library talent 

• Clinicians cannot keep up – average of 75 clinical trials and 11 
systematic reviews published each day 

• Search for health information by clinicians, researchers, and patients/
consumers is ubiquitous 

•  It’s even part of “meaningful use” – text search over electronic health record 
notes 

(Insel, 2003), (Davies, 2006), (Bastian, 2010), (Purcell, 2012); (Google/Manhattan Research, 2012),(Metzger, 2012) 

Some	  challenges	  in	  IR	  

• We have gone from information paucity to information overload 

• Many topics we want to search on have multiple ways to be expressed 
•  e.g., diseases, genes, symptoms, etc. 

• The converse is a problem too: Many words and terms used to 
express topics have multiple meanings 

•  e.g., cold, Apr-1 

• Balancing open access vs. providing for cost of production and 
maintenance 
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Content,	  Indexing,	  and	  Retrieval	  

Content	  

• At first there was bibliographic 
•  Abstracts (mostly of journal articles) 

• And then (not sequentially timewise), 
•  Full-text – articles, textbooks, reports, etc. 

•  Hypermedia – including Web pages, images, sounds, videos, etc. 
•  Structured collections – textbooks, databases, compendia, etc. 

• And now, 
•  Data! 
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Indexing	  

• Assignment of metadata to content items by automated or manual 
methods, including 

•  Subjects (terms) 

•  Automated indexing systems assign words and measures, e.g., 
frequency 

• Manual indexing systems tend to assign phrases from controlled 
vocabulary, e.g., MeSH in MEDLINE 

•  Attributes 

•  Author – e.g., Hersh W 
•  Source 
•  Publication type – important in evidence-based medicine 
•  Secondary source – important for genes, proteins, etc. 
• Grant number 
•  Location – link to publisher via DOI 

Indexing	  vocabularies	  

• Usually 
•  Controlled 

•  Hierarchical 

• Oldest and best known is Medical 
Subject Headings (MeSH) of 
NLM 

•  Over 26,000 terms, with many 
synonyms for those terms 

•  Hierarchical, based on 16 trees, 
e.g., Anatomy, Diseases, Chemicals 
and Drugs 

• MeSH browser allows exploration 
•  http://www.nlm.nih.gov/mesh/

MBrowser.html  

(Coletti, 2001) 
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Retrieval	  

• Most common approaches are 
•  Boolean – use of AND, OR, NOT 

•  Natural language – words common 
to query and content 

• Natural language systems usually 
rank retrieval results by some 
measure of relevance 

•  Word occurrence and frequencies 
common to content and query 

•  In-links (Google PageRank; Brin, 
1998) 

AND 

OR 

NOT 

Metadata	  

•  “Data about data” – meaning of data elements 

• Three types of metadata 
•  Descriptive – describes data element for discovery or identification 

•  Structural – describes organizational structure of data 

•  Administrative – information on how to manage 

• Rights management – who can access and when, how, etc. 
•  Preservation – archiving and storage 

•  In context of IR systems 
•  Literature indexing and annotation 
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How	  do	  we	  know	  how	  well	  we	  searched?	  

• Many questions we could possibly ask (Hersh, 2009) 
•  Is system used? 

•  Are users satisfied? 

•  Do they find relevant information? 

•  Do they complete their desired task? 

• Most common approach is to measure proportions of relevant 
documents retrieval 

•  Recall 

•  Precision 

Topics	  of	  Section	  1	  
Questions in context of indexing and retrieval 
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Finding	  and	  accessing	  datasets,	  indexing,	  and	  
identiGiers	  
• Many emerging portals indexing and allowing retrieval of data, e.g., 

•  DataCite – www.datacite.org 

•  DataMed (from bioCADDIE) – www.datamed.org 

• Are there issues unique to indexing and retrieval of data sets? 

Data	  curation	  and	  version	  control	  

• Data sets have context and may 
grow or change 

• How do we insure data are best 
described and up to date? 

• Data curation and document 
indexing have overlapping 
activities 

http://library.ucmerced.edu/research/
researchers/research-data-curation  
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Ontologies	  

• More than a vocabulary or 
thesaurus, a “formal 
conceptualization of a 
specified domain” (BDK14) 

•  Terms are defined 

•  Relationships between terms 
are defined, allowing logical 
inference and sophisticated 
data queries 

•  Terms are arranged in a 
hierarchy 

• How can we optimally index 
and then retrieval using 
ontologies? 

Metadata	  standards	  

• Many types, which one(s) to use depends on task 

•  ISO standards for metadata (generic) 
•  http://metadata-standards.org  

• Some better-known metadata standards for IR include 
•  MEDLINE – focus on biomedical literature; includes MeSH 

•  Dublin Core Metadata – motivated by Web resources 

•  DataCite – focus on data sources, builds on Dublin Core 

•  bioCADDIE – mapping among a variety of metadata standards with a focus on 
biomedical data 

• What approach(es) is/are optimal for data indexing and retrieval? 
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Provenance	  

• Where does your data come 
from? 

• Example from clinical medicine 
(Hersh, 2013): Is a patient on a 
medication? 

• Any re-use of data must take 
provenance into account 

• How do we best describe 
provenance in data sets? 

Questions?	  
William Hersh, MD 

Oregon Health & Science University 

hersh@ohsu.edu 

 


