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Overview

§ Characteristics of indexing & indexing languages

§ Basic measures of performance

§ Some crowdexing

§ Indexing in two domains

§ Biomedicine

§ What is biomedicine

§ Biomedical terminology and IR

§ PubMed & MeSH

§ Folktales

With pop quizes!



Characteristics of indexing & indexing languages
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Collection
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Results

Indexer tries to guess how
user will formulate query

User tries to guess how
indexer will choose representation

indexing



Characteristics of indexing & indexing languages

§ Indexing characteristics
§ Automatic vs. manual
§ Exhaustivity: number of topics indexed

§ Index language
§ Controlled vs. uncontrolled vocabulary
§ Specificity: level of precision

§ Types of retrieval
§ Exact match (set) vs best match (ranked)
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Basic measures of performance: precision and recall

§ System: returns documents (or not)
§ User: finds document relevant (or not)

§ Precision: ONLY relevant results
§ Recall: ALL relevant results
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Note: for ranked retrieval other (related) measures exist!



Basic measures of performance: precision and recall
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True positives

(#TP)

False negatives

(#FN)

False positives

(#FP)

True negatives

(#TN)

Relevant

Not relevant

Match No match

System says:

User says:

Recall =
#TP

#TP + #FN
Precision =

#TP

#TP + #FP



Document collection

Basic measures of performance: precision and recall

§ Precision: fraction of relevant retrieved documents
§ Only relevant
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relevant

retrieved

good stuff

§ Recall: fraction of retrieved relevant documents
§ All relevant



Quiz

§ How can you achieve a recall of 1?
§ How can you achieve a precision of 1?
§ Can you measure the precision/recall of a Google search result?
§ Is precision or recall important for:

§ News search?
§ Patent search?
§ Product search?
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Let’s do some crowdexing
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§ Visit

§ http://dolf.trieschnigg.nl/crowdexing
§ http://goo.gl/x62XPq



Some discussion questions

§ What terms to use: words, phrases, entities?
§ Which terms to include?
§ Are all terms equally important?
§ How to deal with numbers?
§ How to deal with word variations?
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Some observations (hopefully ;-))

§ You chose an indexing unit, with a certain specificity
§ You made a selection of words to include, resulting in a certain 

exhaustivity
§ Probably you don't agree

§ Some terms are more important than others
§ Important information is implicit
§ Terms can be ambiguous
§ How consistent do you think you are?
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Let's automate this

§ Extract index terms automatically: tokenization
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Tokenization example

Get indexing terms from text automatically

1.Lowercase text
"US" is the same as "us"

2.Extract words
"Hepatitus-A"
3.Stopword removal
"To be or not to be"
4.Stemming
University à Univers
Universe à Univers
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Ma The co-founder of e-
commerce giant Alibaba and 
one of China's best-known 
businessmen, Jack Ma, is 
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Jobs of China' will leave the firm 
on his 55th birthday.
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Case study 1: biomedicine
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What is biomedicine?
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Biomedicine/
Life sciences

biology

chemistry

physics

biomechanics

biochemistry

bioinformatics

genomics

cell biology

biophysics

genetics

developmental biology

immunology

ecology

botany

food science

biotechnologymicrobiology

oncology

systems biology

zoology

immunogenetics

medicine

computational neuroscience

environmental science



What is biomedicine?

§ A large number of related disciplines
§ “Studying the structure, function, growth, origin, evolution or distribution 

of living organisms and their natural environments”

Sept 2018 21



They like to publish

§ MEDLINE: 
§ A bibliographic database
§ Exponential growth

§ Manually indexed (MeSH)
§ 2013 statistics

§ 19 mln references

§ � 5,600 journals
§ 2010: 700,000 additions
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2016 update: 2017 update: 2018 update:



A sample MEDLINE entry

§ Authors & Affiliations
§ Title
§ Journal
§ Publication date
§ Abstract
§ MeSH terms
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Quiz

§ What is more important in this domain? Precision or recall?
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“A month in the laboratory can save an hour in the library”
F. Westheimer (1912-2007), professor of Chemistry at Harvard 

University 



Information retrieval in the text mining landscape

§ Information retrieval
§ Finding information
§ Find information about P53

§ Information extraction
§ Extracting facts
§ Which proteins interact with P53?

§ Knowledge discovery
§ Discovering new knowledge
§ E.g. combining complementary but 

disjoint literatures (Swanson)
§ Fish oiló blood viscosity 

blood viscosity ó Raynaud’s disease
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[Hersh, 2009]



Terminology: a challenge for biomedical IR

§ Biomedical concepts are represented by terms
§ What is a concept?

§ “an abstract idea, a general notion” ~ something interesting
§ Examples of biomedical concepts

§ Diseases
§ Organisms
§ Genes
§ Proteins
§ Chemicals
§ …
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“mad cow disease”
“BSE”
“Bovine spongiform encephalopathy”

Mad cow
disease



Characteristics of biomedical terminology

§ Complex
§ Inconsistent
§ Many synonyms
§ Ambiguous
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Biomedical terminology is complex

§ Many compound terms
§ nuclear factor kappa-light-chain-

enhancer of activated B cells
§ 85% of the terms consist of more than 

one word (Nenadic et al, 2005)
§ Frequent use of ad hoc abbreviations

§ TRADD binds to the TNF receptor-
associated factor 2 (TRAF-2) that 
recruits NF-kB-inducible kinase (NIK).
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Biomedical terminology is inconsistent

§ 75% of the authors do not use official gene symbol or full gene names 
(Chen et al., 2005)

§ Frequent spelling variation:
§ NF-kB, nfkb, NF kappa B

§ syt4, syt iv
§ Fast changing terminology: 

§ How many synonyms of Mexican 
flu can you think of?

Sept 2018 29

novel influenza A (H1N1), 2009 H1N1 flu, new influenza 
A virus, pandemic H1N1/09 virus, novel H1N1 virus, 
A/California/07/2009 (H1N1), H1N1 influenza, H1N1 
Virus, Mexican Virus, swine influenza, SI, Pig Flu, 
Swine-Origin Influenza A H1N1 Virus, Influenza A Virus, 
H1N1 Subtype, ...



Biomedical terminology is inconsistent

“Biologists would rather share their toothbrush than a gene name”
Michael Ashburner, professor of biology at the University of Cambridge
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Biomedical terminology contains many synonyms

§ Nuclear Factor-kappa B
§ Immunoglobulin Enhancer-Binding Protein
§ Ig-EBP-1, Ig EBP 1, IgEBP1
§ NF-kB, NFkappaB, NF-kappa-B, NF-kappa beta
§ Transcription Factor NF kB
§ NF kapa beta
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Biomedical terminology is highly ambiguous

§ Abbreviations: PSA
§ prostate specific antigen
§ psoriasis arthritis

§ poultry science administration
§ … (100 more)

§ Use of general English terms
§ white protein
§ big brain protein
§ hr
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Quiz

§ What is the effect of these characteristics? (on precision/recall)
§ How can an IR system deal with these characteristics?
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Mad cow
disease

Mad cow
disease“mad cow disease” “BSE”

Breast self-
examination“BSE” “BSE”

Will be missed

Will be incorrectly
matched

query document



Quiz

§ What is the effect of these characteristics?

§ Vocabulary mismatch between query and (relevant) documents

§ Missing synonyms: low recall

§ Using ambiguous terms: low precision

§ How can an IR system deal with these characteristics?

§ Incorporate domain knowledge, for instance

§ Sophisticated lexical analysis

§ Query/document expansion

§ Concept representations

§ ….
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Biomedical Search in Practice: PubMed
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Let’s search PubMed
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Let’s search PubMed
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PubMed

§ Searches the MEDLINE database
§ Boolean matching
§ It uses multiple indexing vocabularies:

§ Manual controlled vocabulary index (MeSH) &
§ Automatic uncontrolled vocabulary index (free text)

§ By default, sorted by publication date (newest first) 
§ Automatic query mapping and expansion
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MeSH

§ A controlled vocabulary for indexing biomedical documents
§ 24,000 main descriptors + qualifiers
§ Hierarchically organized (DAG)
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Example MeSH descriptor
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§ Main descriptor/qualifier

§ * indicates important
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FACTS on MeSH

§ Organizing principle: “to conceptually partition the literature”
§ Hierarchy: Is-a and part-of relationships
§ Yearly updated
§ Average: 9 MeSH descriptors per document
§ Manually assigned, also based on full-text
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Quiz: different styles of indexing
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Manual
Controlled vocabulary
(MeSH)

Automatic
Uncontrolled 
vocabulary
(free text)

Advantages ? ?

Disadvantages ? ?
Aspects: costs, representation quality, consistency, maintainability, 
effectiveness for searching, user friendliness, exhaustiveness/specificity



Quiz: different styles of indexing
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Manual
Controlled vocabulary
(MeSH)

Automatic
Uncontrolled 
vocabulary
(free text)

Advantages

-Unambiguous
-Terms are informative
-High level summary

-Fast
-Cheap
-Trivial to maintain

Disadvantages

-Slow
-Expensive
-Hard to maintain
-Difficult to keep 
consistent
-Difficult to query

-Can be ambiguous
-Not as intuitive



Automatic free text vs. manual contr. vocabulary indexing

§ Automatic free text indexing is cheap, fast and trivial to maintain
§ Controlled vocabulary indexing is easier to understand and unambiguous

è They might complement each other
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Case study 2: Folktales
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The Dutch Folktale Database

§ Maintained by the Meertens Institute since 1994

§ > 40,000 Dutch folktales, collected since the 19th century

§ Subgenres

§ Fairy tales, legends, urban legends
jokes, riddles, personal narratives

§ Languages

§ Dutch, Frisian, Old Dutch, Middle Dutch 
and many Dutch dialects

§ Other metadata

§ Summary, keywords, story type, motifs
proper names, storyteller, location etc.

§ Online since 2004: www.verhalenbank.nl
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Quiz

§ Why do manual indexing in this domain?
§ Why use an uncontrolled vocabulary?
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Quiz

§ Why do manual indexing in this domain?
§ Multilingual content
§ Variety in style (temporal, audience)
§ Assign abstract terms
§ Make a selection of important topics

§ Why use an uncontrolled vocabulary?
§ New topics appear frequently (urban legends)
§ Controlled vocabulary is labour-intensive
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Manual keywords (1/2)
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Manual keywords (2/2)

§ Keyword assignment
§ Manual uncontrolled vocabulary indexing
§ Vaguely defined indexing task
§ Carried out by many different annotators

§ Statistics (42k docs, 17k Dutch)
§ 15 assigned keywords on average, median 10
§ Mostly single words (90%)
§ 43k unique keywords
§ 65% of keywords appears literally in (Dutch) text
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How do the keywords
relate to the story text?

§ Manual classification of 50 docs, 989 keywords

§ Classes fraction
§ Literal68%
§ Almost literal 12%
§ Synonym 5%
§ Hypernym 2%
§ Typing error <1%
§ Other (more abstract, etc.) 13%

§ è 80% can be (almost) literally linked to the text

Sept 2018 54



Do annotators agree?

§ Setup

§ 10 annotators, 5 stories each 

§ Each story annotated by 2 annotators

§ Judge all story words:

1) non-relevant; 2) relevant; 3) highly relevant

§ Results of measuring inter-annotator agreement

§ Substantial agreement on relevant keywords (κ: 0.62),

only moderate agreement on highly relevant keywords (κ: 0.48)

§ Reasons for disagreement

1) verbs and adjectives? 2) overlooked

3) choice rather than both 4) lack of instructions
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Consistency is an issue with

manual indexing



Summary

§ Different styles of indexing and indexing languages
§ Each with its pros and cons

§ Depends on the domain, important factors include
§ Type of information
§ Cost
§ Speed
§ Maintainability
§ Consistency
§ User friendliness
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