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Aims

» Extract and discover knowledge hidden
in text automatically

> Aid domain experts by automatically:
identifying concepts
extracting facts/relations
discovering implicit links
generating hypotheses
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Why do we need text mining? Too
much information!

> Information overload > Information overlook
» Growth of searches > Many heterogeneous
resources
ediine searches over fime Text (blogs, papers,
00 surveys, news..)

7 Databases

£ Web

5 Ontologies
\ @‘i@iﬁc;éi&ﬁeﬁo\f&%:: %:j%j%«%«i@if < /
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The role of text in information
management

> We are inundated with huge amounts of
data
» Unstructured information (text)
> Different text types, genres, domains..
> Semi-structured information (XML + text)
> Structured information (databases)

> We need to make sense of data

> We need to manage information and
knowledge effectively
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UK National Centre for Text Mining
(NaCTeM)

» The 15t national text mining centre in the
world www.nactem.ac.uk

> Remit: Provision of text mining
services to support UK research

> Funded by: the JISC, BBSRC, EPSRC
> Phase | (2005-2008): biology

> Phase Il (2008-2011) : bio-medicine,
social sciences

humanities

\_ /
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http://www.nactem.ac.uk/

Why is there a need in the UK for a
national centre for text mining?

> Some researchers knew they wanted TM
> TM key component of e-Science

> Involve more researchers (from all
domains) in doing e-science and e-
research

TM seen as key technology for
researchers

And one applicable in every domain
(broad interest/support from major
funding bodies)
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/Embedding Text Mining within e-
Science in the UK

e-Science [...] enables new research and
increases productivity through shared
e-Infrastructure, the development of
computational and logical models and new ways
to discover and use the growing range of
distributed and interoperable resources. |t
supports multidisciplinary and collaborative
working and a culture that adopts the
emerging methods.

M. Atkinson (2007) Beyond e-Science

\_ /
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What the users want to do with their
data (minimally)

» Easier access to data » Managing data across

» Sharing data with locations
their peers ~ Integrating data
~ Annotating data with within workflows,
metadata Web Services
> Aids for semantic

metadata creation;
enriching data with
related metadata e.q.

TEXT MINING RIDES TO experimental results

THE RESCUE
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/ From Text to Knowledge:

tackling the data deluge through text mining

unstructured Text
(implicit knowledge)

Informatio
Retrieval

Informatio
extraction

Knowledge
Discovery

: Structured content Retrieval
C_

Semantic
metadata

Information

Advanced
(explicit knowledge)

Thes Nitional Ciortre for Text Wining
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Text Mining Steps (1/3)

> Information Retrieval (Google)

Finding within a large document collection, a
subset of documents, relevant to a user’s query

> Query term “blood” or Boolean query “blood
pressure”

Too many documents are retrieved, prohibitively
large for humans to read

Many retrieved documents are irrelevant to our
query
Many relevant documents are missing
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Text Mining Steps (2/3)

> Information Extraction, nuggets of text

ldentify information nuggets from text,
fill existing templates, create structured
information, populate text databases

Slot Information San Salvador, 7/10/96
Date 7/10/96 (today)
Location SanSalvador

It has been officially reported that a
— : policeman was wounded today when
Victim injured | policeman urban querrillas attacked the guards
Victim attacked | guards at a power substation located
Perpetrator urban guerrillas downtown San Salvador.
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Information Extraction

> recognise specific relations and events
(typically expressed by verbs - attacked)

» domain restricted (newswire, biology...)
> more complex NLP techniques
more than ‘bag of words’ approach
deep parsing
> Output: filled templates of entities and facts

> |E extracts only what we are looking for, i.e.
what has been defined by patterns

What is Text Mining? 13

NaCTeM . .
Sophia Ananiadou



Text Mining Steps (3/3)

» Data Mining: finds associations among
pieces of information extracted from
many different texts, implicit links

> Integration with databases, ontologies
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Integrating Text with DBs and Ontologies

i
3

Semantic

Interpretation of data
Adding new
knowledge ||
Supporting
semantics text




Uses (1/

Business applications

Business intelligence (market analysis),
competitors, identify risks, make
predictions

Customer views and opinions from blogs
(opinion mining, trends analysis)

Find nuggets of relevant information
immediately, systematically

Remove tedious process of finding
information
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Uses (2/3)

Media

» Semantic searching needed for new models of
information access, linking and extraction

» Personalisation of searching

Document classification and clustering based on
personalised queries

Social networking + text mining
Topic clusters of news
Frame analysis of news
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Uses (3/3)

» Text Mining enriches text with semantic
annotations
For authors tools for semantic
annotation
>Inte|ligent information management

For publishers enrichment of digital
libraries

For scientists intelligent searching,
linking and integration of text,
databases

/
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Applications - extracting terms

™

Rl Source

Annotated Analysis

Sophia Ananiadou

documents documents resuJlt
f A
-
h 4
[ POS tagging ] (GENIA tagger]
}
Term Term C-value ‘
—> [n Drmalisﬂtiﬂﬂ]-» [ extraction ]‘» [ calculation
Terminology
management
: Acronym Acronym ] T database
TerMine extraction clustering |
.
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Saurce documents

Beta-arrestin binding to the beta2-adrenergic receptor requires both receptor

phosphorylation and receptor activation.
Krasel C, Bunemann M, Lorenz K, Lohse MJ.
Institute for Pharmacology and Toxicology, Versbacher Strazze 9, D-97072 Wurzburg, Germany.

Homaologous desensitization of betaz-adrenergic receptors has been shown to be mediated by phospharylation of

the agonist-stimulated receptar by G-protein-coupled receptor kinase 2 { GRK2 ) follawad by hinding of beta-

I this study we have investigated the interactions between receptars and heta-arrestin? in living cells using
flugrescence resonance enerdy transfer. We show that { a ) the initial kinetics of beta-arrestin binding to the
receptar is limited by the kinetics of GREZ2-mediated receptar phosphorylation ; { b ) repeated stimulation leads to

Result 1 - 50 of about 1131 terms

Rank Term Score

1 'Eeegzsigfre”ergic 857778

|2 blood pressure 16.8

o PLadat 1noes

s ol e Jasusrr
________ 5 fedcrsgg?ic 9.14286

= bt & allal g

withdrawal leads to swift dissociation of the receptor-heta-arresting complex. This fast agonist-controlled

receptor sensitivity in repeatedly stimulated cells such as neurons. Ter‘ m S d er I Ved g

_ _ _ _ e 792481
beta2-adrenergic receptor gene single-nucleotide polymorphisms are fro m text us ed as
with rheumatoid arthritis in northern Sweden. 7 92481
Hu B, Arlehag L, Rantapaa-Lahlquist 5B, Lefuert &K, d
Department of Immunalogy, American Red Cross Biomedical Research and Development, MD 20855, USA. =ub I n eX te r m S TR25
The betaZ-adrenergic receptor { beta2-AR ) belongs to the group of G-protein-coupled receptars and is present on 11 CVSUC fibrosis 733333
skeletal and cardiac muscle cells and on lymphocytes. The gene encoding beta2-AR (ADRBZ ) displays a 19 confidence 7
moderate degree of heterogeneity in the hurman population and the distributions of single-nuclectide interval
pokmorphisms { BMPs ) at amino acid positions 16, 27, and 164 are changed in asthma | ohesity, and 2
typertension and in the autoimmune disease myasthenia gravis. An involvernent of the beta2-AR has also been 13 metabolic 7
suggested in hurman rheumatoid arthritis (BA) and its animal model. We describe here an increased prevalence syndrome
ofthe alleles Argl1B and GinZ7 and a lower prevalence of homozygosis for Gly16 and GIUZY in patients with RA. :
Patients having the genotype combination GlyGhyd B-GInGIuZT had higher levels of theumataid factor (RF ) and a 14 jallelic frequency |7
more active disease than other patients. Patients having the genotype Arg18-GIn2 7+ had higher levels of RF when bioluminescence
compared to those having Arg16+GIn27+ |, and patients who were carriers of GIn27T had a more active disease 15 resonance energy 6.5

than non-carriers of GIn27. Qur results show an association of beta2-AR SMPs with BA in a population from the
northern _r_:.lla_rt of Sweden, Qur stud_y_ also confirms the strnr}_gllinka_t__ze diseq_gilibrium_nfgenut}f_pes at @minn acid_
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Problems - term variation &
ambiguity

> Acronyms Gene terms may be

ER estrogen receptor also common

English words
emergency room BAD human gene

endoplasmic reticulum encoding BCL-2
> Spelling family of proteins
Tumour - tumor bad news, bad
Oestrogen - estrogen prediction
NF-kB, NF-KB,
NF-kappa B,
\ nuclear factor kappa B /
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Semantic searching based on
named-entity annotation

\_

The peri-kappa B site mediates human immunodeficiency

DNA Virus
virus type 2 enhancer activation in monocytes ...

cell type

> Entity types (defined by Ontologies)
Genes/protein names
Enzymes, substances, etc.
Names (people, organisations...)

/

The
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KLEIO architecture

/ AcroMine\

I MEDLINE
Acronym

Extraction

Term Named Entity Acronym
Normaliser Recognition Disambiguation Acronym

Dictionar
Integrator
BioThesaurus

Dictionary lookup
based on string

similarity = p—
: Indexed by
Lucene
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MANCHESTER
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ersity

The Universit
of Manchester

Text mining for social sciences

> ASSERT project (NaCTeM-NCeSS-EPPI)

» Assisting the process of systematic
reviewing in social sciences
» Engaging the user community: EPPI

(Evidence for Policy and Practice
Information and Co-ordinating Centre)

Document classification
Information extraction
Summarisation
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The process of Systematic Reviewing

> Searching: extensive searches to locate as much
relevant research as possible according to a query.

> Screening: narrows the scope of search to only the
relevant documents to a specific review.

Highlights key evidence and results that may impact
on the policy.

>  Synthesizing: correlates evidence from a plethora of
resources and summarises the results.

>  The process is mainly manual

\_ /
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Overview of ASSERT

™

Document
Clustering

Document
Collections

R

Document
Classification

Multi-Document
Summarisation

Search

Screen

/
H

/
-

Document

Synthesize

Query Term Sentence
Expansion Extraction Sectioning Extraction
ﬂﬁNaCTeM What is Text Mining? 30

The Mational Certre Aring

Sophia Ananiadou



MANCH }5\ [ER

824

» Analyse, structure and visualise BBC
news online, according to a user’s query
using advanced text mining techniques

» Concept discovery and retrieval

interface allows a user to enter a query
across the document collection and
automatically calculate a list of concepts
specific to the query and ranked by
perceived importance.
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Finding news using text mining

3 MaCTeM Mews Browser - Document Viewer - Mozilla Firefox

Eile Edit Wi Hiskary Bookmarks Tools Help
<EI - - @ /‘I [ hetpiii127.0.0.1:8080/EBC_News_Browser/showDacument . dotid=6977400 (=[] [I[C-] =9
[} MacTeM 5 Centre Mews [ | Termine | | Acromine | | MEDIE -3 Info-PubMed [ | kleio {3 FacTa b GEMIs [ | ASSERT-BBC
.
'\“‘f“:_'jea"ch Last Published: Tue Sep 04 02:44:00 BST 2007
bt H Israel army ousts Hebron settlers
o West Bank barrier change ordered sras s ousis Hebronsai=
Northern Ireland Israel's supreme court orders the government to re-route iz:z: .2";:22 Euaelleit::slaari«:?r:dLSIN
f::ﬂ:"d the West Bank barrier near the village of Bilin. Blow for defiant Zimbabwe farmars
g:zi‘;‘.f:s Israel 's supreme court has ordered the government to redraw
Health the route of the West Bank barrier near Bilin village, a key
Education focus of anti-barrier protest. . X
Science /Mature contentious new settlernent project
Technology . . Matityshu East
Enbertainment The court accepted an appeal by Bilin residents, who had argued nternstional law
—————————————— that the barrier prevented them from reaching 50 2% of their Israeli governrnent
BEC Mews Home agricultural land Abdullsh Abu Rahras
Page =] : Bilin protest crganiser
M2CTeM Horme Page 7 ilegal land grab
ffffffffffffff weekly protests against the barrier have been held there for two Lstaeli defence ministry
NaCTeM Seruices wears Miest Bank barrier n
= Terrmine
o ﬁlc"z;?ne The Israeli government says the barrier is a security measure
- Me . - ; "
. Imfopubmed but Palestinians view it as an illegal land grab.
- Kleio
The International Court of Justice issued an adwvisory ruling in
2004 that the barrier breached international law where it is
built on occupied territory and should be dismantled.
Correspondents say the latest ruling is an embarrassing blow to
the Israeli government at a place which has come to symbolise
opposition to the barrier.
twwe were not convinced that it is necessary for
security-military reasons to retain the current route that passes
on Bilin 's lands, " the chief justice, Dorit Beinish, wrote,
s
Daone
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Clustering the documents

2 NaCTeM News Browser - Document Viewer - Mozilla Firefox

File  Edit Wiew History Bookmarks Tools  Help
</EI 4 = @ ﬁ |@ http:ff127.0.0.1:8080/BBC_MNews_Browser fclusterviewer .do \\]
[} mMacTem 5 Centre News || Termine [ | Acromine [ | MEDIE -3 Info-PubMed [ | Kleio £ FacTa (N GEMIA [| ASSERT-BBC
f 7 e’
Cluster results for: 'west bank' Yisualize
world &l Documents (77) Harmas wormen protest in West Bank - Sat Sep 22 16:15:00 BST
lI-El:gland Haras And Fatah {18} 200 .
Morth Ireland o West Bank barrier change ordered - Tue Sep 04 09:44:00 BST
RGN LFEIET Tony Blair {63
sScotand e G = 2007 —
W al Fi in n Gaza .
yalee i bgL 5( 2 Envoy Blair holds West Bank talks - Tue Jul 24 13:02:00 BST 2007
e rab League - =
Politics __g €52 Eivals pay Hamas force by mistake - Thu Aug 09 10:37:00 BST
Health Three Militants (6) 007
Education :
Sy e T The Surnmit (5} W Bank talks for abbas and Olmert - Mon Aug 06 11:17:00 BST
Technology
Entertainment Fuel Cuts {43 2007
""""""" The UM (33 Freed BBC reporter thanks Abbas - Thu Jul 05 14:55:00 BST 2007
BBC Mews Homie . . N
Page The Capital {4 Eey Palestinian exile may return - Sun Jul 15 11:0<4:00 BST 2007
MaCTer H P
HEETE [Risne BaEis The Freed (2) Israel army ousts Hebron settlers - Tue Aug OF 09:34:00 BST
NaCTeM Services Pirate Radio {23 2007
+ Terrmine Gaza Hostile (2) Israeli forces kill three gunmen - Sat Aug 25 08:17:00 BST 2007
N a‘gg;‘g'ne {Other) (27) Olmert hosts Abbas in fresh talks - Tue Aug 28 09:25:00 BST
+ InfoPubMed 2007
+ Eleio africa invests to stop migrants - Wed Aug 22 08:57:00 BST 2007
Arab League condemns Gaza 'crime’ - Sat Jun 16 04:45:00 BST
2007
Hamas battles for control of Gaza - Wed Jun 13 18:02:00 BST
2007
US tries to save Middle East plan - Mon Oct 15 10:56:00 BST
2007
Israel hears Arab peace proposal - WWed Jul 25 10:55:00 BST 2007
Freed Palestinians welcomed home - Fri Jul 20 00:40:00 BST 2007
US 'to unblock' Palestinian aid - Sat Jun 16 18:48:00 BST 2007
Pirate radin stons Israsl flinhts - Thiy Tun 07 23:41: 00 RST 200 st
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Visualising the results
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Benefits to Users

» Provision of a focused search with goal
based results

> Allows expansion beyond known
keywords for a more complete search

> Visualization of a result set creates an
overview of the research in the domain

> Saves time and effort
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What do our users/clients
use our services for?

A\

vV V VY V

NaCTeM

Creation of controlled vocabularies, extraction of interactions,
creation of models and networks, database curation
(BOOTStrep)

Bibliographic searching, automatic classification and semantic
extraction in support of subject searching (ASSERT, INTUTE)

Ontology building
Media frame analysis (ASSIST)

Semantic extraction to support indexing and linking across
repositories (INTUTE)

Extracting bio-processes, gene-disease mining (Pfizer)
Maintaining and constructing pathways (REFINE)
Classification of on-line news feeds, document classification
Topic detection (BBC)
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Text Mining for Knowledge
Discovery

> Semantic enrichment relies on NLP based TM
technologies

> Applications based on semantically annotated
texts enable knowledge discovery

» Linking text with domain knowledge

Integrate other knowledge sources,
ontologies, terminologies

Integration of distributed TM software
(workflows)
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