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Do controlled vocabularies matter?

« Email public-esw-thes June 26, 2011
« Survey of 158 participants in 27 countries

Use of controlled  Which controlled Application areas
vocabularies vocabularies
Semantic search
Yes | 85% Taxonomy 73% Data integration
N 15% Ontology 63% Structure for content navigation
0)
: Thesaurus 59% (Linked) Open Data publishing
Glossary 30% Annotation & tag recommendation
Other 7% Content authoring and interlinking

Support of multilingual applications

Autocomplete suggestions

Recommender systems

Kondert et al., 2011
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Knowledge Organization Systems

« schemes for organizing information & promoting knowledge
management

» Term lists (authority files, glossaries, dictionaries, gazetteers)

» Classification & categories (classification scheme, taxonomy, subject
headings)

« Relationship lists (thesaurus, semantic network, ontology)

—>Coined 1998 at initial NKOS meeting ACM DL conf. Pittsburgh, PA

Hodge, 2000
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Zeng, 2008. http://nkos.slis.kent.edu/KOS_taxonomy.htm



Information Retrieval

“Information retrieval (IR) is finding material (usually documents) of an
unstructured nature (usually text) that satisfies an information need from
within large collections (usually stored on computers). “ (Manning et al.,
2008)

 search or browse (+ access)

e text + Images, audio, video, data, objects described with text
e unstructured (full-text) or structured (metadata, triples)
 ranked or sorted results

« digital or analog



Manual vs. automatic indexing / :,
controlled vocabulary vs. full-text

Full-text Excerpting /
abstracting Web search

Domain-specific

Vocabulary Databases

control

Automatic
classification

Subject

cataloging

Controlled vocabulary

Manual _ Automatic
Indexing

Anderson & Perez-Carballo, 2001




Application of KOS in IR systems

 Indexing (& ranking) for retrieval
« Query formulation — browsing
* Query formulation — KOS mapping
« Query specialization / contextualization
« Query expansion
 ,Co-occurrence thesauri*
« KOS-based expansion

* Result presentation




Indexing (& ranking) for retrieval

» Cranfield studies (1960s)
« Comparex controlled vocabulary to full-text (term) indexing
« Minimally controlled terms (synonyms, stemming) performed better than
controlled vocabulary

» Biggest achievement: evaluation methodology for IR

- Results vary (measured in recall / precision)
» Recall usually increases through added KOS vocabulary
* Merging usually works best (adding controlled vocabulary improves
results)

—> Other factors make general statements about KOS impact difficult:

* Document length « Language processing
 Avall. of other text * Query syntax
* Document types * Type + specificity of controlled vocabulary

Anderson & Perez-Carballo, 2001; Cleverdon & Mills, 1963; Dubois, 1987; Gross & Taylor, 2005; Hersh et al. 1994;
Muddamalle, 1998: Rajashekar & Croft,1995: Rowley, 1994: Savoy 2005: Savoy & Abdou, 2008: VVoorbij, 1998 8



Query formulation - browsing

« Computer access through classification prototypes since 1960s

* OPAC classification access: shelflist browsing hidden behind call
number search

* Thesaurus access: alphabetic list offered in many bibliographic
databases, systematic access not always (through search)

- Web: Subject gateways, Yahoo, open directory, Amazon...
—> Faceted browsing: fewer top-level facets, flexible searching possible

- KOS unwieldy to display / difficult to grasp for user

—> Evaluation generally based on usabillity, rarely compared to direct
search

Broughton, 2006; Markey, 2006; Shiri et al., 2002a




f the Fine Arts Mu n Francisco;
ung Museums, hitp:/fwaaw. thi r.ong

search

Show tooltip previews of subcategories

MEDIA

Book (309) Objects (1889)
Ceramic (296) Painting (115)
Drawing (1547) Photograph (223)
Glass (403) Print (18208)

Metalwork (124 Sculpture (193)

LOCATION

Africa (1013 Middle East g0)
Asia (45) Morth America (2624)
Australia (5 Dceania (72)

Central America (57)
Europe (17758)

Roman Empire (4)
South America (158)

OBJECTS

Clothing (so18)
Containers (2632) Timepieces (73)
Food and Meals (3580) Yehicles (3457}
Fuel (453) Weapons (1488)

Lighting (2&8) Writing Tools (3836)
BUILT _PLACES
Bridge (431} Dwelling (1528)

Musical Instruments (534)

Username default
Create a Mew Account

HEAVEN AND EARTH

Dawn, Dusk, Might (s29)
Islands, Deserts, Forests (424)
Mountains, Hills, Valleys (2471)
Rivers, Lakes, Seas (4098

SHAPES AND COLORS

Color (4149
Decoration (1680}
Metal (z58)

OCCUPATIONS

Combatant, Guard (1170}
Entertainer (524)
Leader (z888)

ARTISTS

AC. active 18th century (13
AH. Heisey and Company (1)
Aachen, Hans von, 1552 - 1615 (1)

Password

Stone and Rock (18)
Storms, Clouds, Floods (1145)
Sun, Moon, Stars (1272)

SCene (8526)
Shape (1588)

Professional (4o09)
Worker (1125)

Ackerman. James, active 1813 ()
Adam, Georg, 1784 - 1823 (1)
Adam, Robert, 1728 - 1792 (1)

Abbenille, M. Sanson di (1)

Adam, Victor, 1801 - 1366 (4)

Abbey, Edwin Austin, 1852 - 1911 (7) Adams & Co. (1)

Abbiati, Alessandro Paolo, active

more...

AN cas

http://orange.sims.berkeley.edu/cgi-bin/flamenco.cgi/famuseum/Flamenco
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Query formulation — KOS mapping

» Overcome vocabulary problem

« Catalog studies of 1980s/90s: users are searching subjects, but cannot
match their ,searcher vocabulary” to the ,system vocabulary”

Methods:

- (Fuzzy) string matching
- Co-occurrence analysis
= Multilingual mapping

- Works best in combination with original query (query expansion)
- Depends on matching effectiveness / other available vocabulary
- Some queries (named entities) not represented in KOS

Buckland, 1999; Jones et al., 1995; Larson, 1991a/b; Markey, 1980; Petras et al., 2003; Taylor, 1995 0




Query specialization / contextualization

« Disambiguate information need through KOS concepts /
contextualization

« ,Did you mean?”
- Form of query reformulation / expansion

-> Difficult selection of categories / terms to present
- Requires user interaction (usablility generally not evaluated)

12



Query disambiguation

a duck

Find the Duck
foto Tepe, Richard

This is a research prototype of Europeana's semfl | Portret van Julia Jackson (Mrs H...
Enter a search term, for example: Egypt, Rembrandt, winc albuminedruk Cameran, Julia Margaret

» duck

Duckworth, G.AV.

Ducker

: i g duck
Collections  Thesauri Anatidae
. T duck
-
:3 i “ o avoid
A : duck
y _4‘ : b Y dip
/ -. 1 -

europeana
46,038 artworks 82,781 artworks 327

Long Duckmanton

think culture inhabited place

Diicker, Eugen Gustay
1841-01-29 to 1841-02-10 1516-12-05

Duck, G.

Duckett, Ben

Europeana Semantic Search Engine prototype, VUA: http://eculture.cs.vu.nl/europeana/session/search i




Query specialization

Inspec Specialty Search Term Recommenders

cahble Clear

Physics Specialty Engineering Specialty Computers Specialty
Query: cable Query: cable Query: cable

1 Superconducting cables 1 Power cable insulation 1 Cable television

2 Superconducting magnets 2 Powercables 2 Submarine cables

3 Optical cables 3 Power cable testing 3 Optical cables

4 Submarine cables 4 XLPE insulation 4 Modems

5 Superconducting coils 5 Cable sheathing 5 Cable laying

6 Telecommunication cables 6 Underground cables 6 Coaxial cables

7 Niobium alloys 7 Insulation testing 7 Optical fibre subscriber

8  Multifilamentary 8 Optical cables loops

superconductors 9 Cable laying 8 Power cable insulation

9 Tokamak devices 10 Superconducting cables 9 Powercables

10 Accelerator magnets 10 Telecommunication cables

Petras, 2006 14




Query expansion — ,,co-occurrence thesauri“ > &% :

« Thesaurus types: manually constructed (strongly controlled), searching
thesauri (large entry vocabulary), automatically constructed

 Similarity thesaurus, co-occurrence thesaurus
« Mostly from CS-based IR community

—> Based on co-occurrence of terms (semantic relatedness, not only
synonym / equivalence)

- Expansion generally improves retrieval results & seems to be better
than standard blind query feedback

- Semantic relationship not specified
- Not compared to expansion with controlled vocabulary

Abdelali & Cowie, 2007; Qui & Frei, 1993; Schutze & Pedersen, 1997; Shiri, 2002b; Shiri & Revie, 2006 | .




Query expansion — KOS

1. Use co-occurrence to expand query terms with KOS terms
2. Using relationships in KOS to expand query terms with KOS terms

—> most popular use of KOS in semantic web community (ontologies have
many more relationship types)

—> Both interactive & automatic expansion studied
- Generally improves results (but not necessarily)

- Automatic expansion: equivalence & narrower term relationships most
effective, but evidence of other relationships working better can be found

- Query needs to be matched to KOS vocabulary
—> Loss in precision = danger of over-expansion
- KOS also used for expansion, when not used as indexing language

Jones et al., 1995; Kristensen, 1993; Meijj et al., 2010; Petras, 2005; Satori, 2009; Segura, 2011;
Srinivasan 1996° Suomela & Kekaldinen 2005 Tudhobe & Rindina 2006 16



Sidebar: MeSH, Wikipedia & WordNet

—>Seem to be most popular KOS for IR research

* Mesh

—>Highly controlled (thesaurus with strong hierarchy), domain-specific,
high-quality + precise indexing in Medline

« WordNet

—>word senses (not only nouns); Concept relationships: synonymy,
hyponymy (is-a), meronymy (part-of)

—> not domain-specific, not used for indexing

« Wikipedia

—> Titles and Wikipedia categories both treated as concepts

- undetermined semantic relationships, uncontrolled vocabulary, not
domain-specific, not used for indexing (other than Wikipedia)

- query expansion approaches with MeSH commonly successful,
Wikipedia & WordNet: mixed results

Egozi et al., 2011; Gonzalo et al., 1998; Navigli & Verardi, 2003; Voorhees, 1994 17




Result presentation
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« (Document clustering: categorization of search results, but not based
on KOS)

- Mixed results, titles for clusters confusing

Jacso, 2007 18




Document clustering

web news images maps blogs wikipedia jobs more »
‘W information retrieval

clouds SOUrces sites time

All Results (245

& Amazon.com (s

& Search z7)

-] Algorithms |5}
@ Algorithms and Heuristics (2
@ Data Structures & Algorithms (2
@ Other Topics 2

& Management (17}

@ SIGIR (5

& Image (3

& Conference |10

& Large-Scale (5

@ Answers.com (3}

& Model (13

maore | all clouds

find in clouds:

http://search.yippy.com/

remix

Search for more results like these

Cluster Algorithms contains 6 documents.

National University of Ireland. Galway B8 &4 &

Department of Information Technology. Research areas include Al (Neural Metworks, Genet
Algorithms), Applications (Remote Sensing Data Collecting Systems and TCF/IP), Informa
Retrieval and Filtering, Scientific Computing and Computational Mathematics.
www.it.nuigalway.ie - [cache] - Open Directory

Information Retrieval Data Structures & Algorithms - Willam ... & < &

Information Retrieval Data Structures & Algorithms - William B. _.. Information Retrieve
Contents Information Retrieval - Data Structures & Algorithms edited by William B. Frake
www_scribd com/__ormation-Retrieval-Data-Structures-Algorithms-William-B-Frakes - [cache]

Amazon. com: Information Retrieval: Algorithms and Heuristics (The .

Interested in how an efficient search engine works? Want to know what algorithms are used
resulting documents in response to user requests? The authors ... www_amazon_com/Inform
Retrieval-Algorithms-Heuristics-2nd/dp/1402030045 - Cached page
www._amazon_com/Information-Retrieval-Algorithms-Heuristics-2nd/dp/ 1402030045 - [cache] -
Additional Sources

Information Retrieval B @ &

The Journal of Information Retrieval is an international forum for theory, algorithms, and e
that concern search and storage of text, images, video, and ... www_springer.com/computer
/database+management+%26+information+retrieval/journal/10791 - Cached page
www_springer.com/.__/database+management+&-+information+retrieval/journal/10791 - [cache
Yahoo!, Additional Sources, Gigablast

Amazon.com: Information Retrieval: Data Structures and Algorithms .
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Result presentation
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« (Document clustering: categorization of search results, but not based
on KOS)

- Mixed results, titles for clusters confusing

 Faceted search results: based on KOS and other features of the
documents

- KOS presentation mostly sorted by frequency

Jacso, 2007 20




Faceted result browsing

Home @ =  Search @ -

r
)\ Worldcat

Search results for "knowledge o
F Format
Ed Refine Your Search

Author

Ball State Univer... (25)
Mato Research And... (24)
Meorth Aflantic Tr... (23)

Christopher Alberts (20)
David Stern (18]

Show more ...

English (14215)

Undetermined (454)

http://www.worldcat.org

Ef} Create lizsts, bibicgraphies and reviews:
Sign in or create a free accoun

anization systems Q m

d a Libran

Topic
Business & Economics (509

Computer Science (213)
Engineenng & Tec... (185)

Library Science, ... (125)
Medicing (111) seconds) ¢ First <Prev 1 2 3 Mext

Education (98)

] _ List] - [ Save | Sortby: Relevance - Save Search
Sociology (78] /
Gowvernment Documents (70)

Mathematics (571 digmatic and Syntagmatic Relations in Knowledge

Health Profession

dariculture (31)

Peycholoqy (26)
- . - hge: German

Political Science (25) - )

pticn: NFD / 59, no. 2, (20038); 100

er. Frankfurt am Main . Die Gesellschaft, 1597-2001.

hse: ArticleFirst

Biclogical Sciences (22)
Language, Linguis... (17)
Health Facilities... (14)
Philosophy & Reli... (14)
Geography & Earth.. (13) ttierte Wissensordnungen und Dynamisches Klassieren als
ittel der Efforschung des Dark Web

emann S5.; Mellissen H.-D.

History & Aundlia... (13)
Anthropology (1.2)
Physical Sciences (12)
Art & Architecture (10)
Law (]

[¥]
(11]

in

: German

w

bticn: Informaticn-Wissenschaft und Praxis, w59 n2 (2008 03 01): 108-117

) ) hse: Copynght 2011 Elsevier B.V. All rights resensed
Physical Educatio... (5) Pyngit < o

Chemistry (4)

M ial isewa - knnwderdne nrnanizFzatinn evetemae and cerriresas
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Result presentation
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« (Document clustering: categorization of search results, but not based
on KOS)

- Mixed results, titles for clusters confusing

 Faceted search results: based on KOS and other features of the
documents

- KOS presentation mostly sorted by frequency
« Ontology-based: representing different relationships
- Many relationships possibly confusing

- Rarely evaluated in comparison or for effectiveness

Jacso, 2007 ~




Relationship-based results presentation _f»%

v works created by matching person (46)

* Works created by matching person
| { ° Works related to matching person
LE DE?,_C?TP}J.?}{T[N:M Ofﬁcife‘r‘meu'):?ar»d b... el:thap ir}.w?ctl... “ Inte[ielsurmeit‘vr?n_ : ® Works Created by a teaCher Of

v works showing concept (6) m atC h I n g pe rSO n

* Works related to an artefact
created by matching person

* Works created by an artist
professionally related to matching
person

* Works titled
* Works showing concept
~{v‘e‘acrhit'|:c.1kaal"r:n-e‘tVs'oldm Wachtlokaal met kaar... RAo'kende en‘ﬁ:a?‘n?ﬁde.., Interieur met rokend... 3 Works With matching Location o

Fries met eendenjacht Twee eenden op besne... Eenden in het water Landschap mettaling...

v ‘works related to matching person (20)

Europeana Semantic Search Engine prototype, VUA: http://eculture.cs.vu.nl/europeana/session/search
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Impact measurement: Evaluation

« KOS In indexing, query expansion, query reformulation
—> Rigorous & standardized in IR for effectiveness
- Rarely usability tests

« KOS for browsing, result presentation in end-user interfaces
—> Usability tests not as rigorous and not always performed
- Rarely effectiveness tests

« Ontology-based search, query expansion
—> Early: prototype development; Now: evaluation also in focus

- SEALS (Semantic Evaluation at Large Scale), STI Test beds &
challenges

Halpin et al., 2010; Wrigley et al., 2010.
httn://about seals-broiect etl httn://testbeds-challenaes sti? ora

24



Terminology issues - Disciplines

,over the years, various meta-languages have been used to manually
enrich documents with conceptual knowledge of some kind [...] We will
refer to this broad range of meta-languages as concept languages and to
their vocabulary terms as concepts.” (Meij et al., 2010)

Computer Science / Information Retrieval € - Library and Information
Science < - Atrtificial Intelligence, Semantic Web, Linked Data

,Work on LLD can be hampered by the disparity in concepts and
terminology between libraries and the Semantic Web community. Few in
libraries would use a term like "statement" for metadata, and the Web
community does not have concepts equivalent to libraries' "headings" or
"authority control.” W3C LLD Incubator Group Draft Report, 2011

25



Terminology issues - KOS

KOS:

thesauri = librarians, information scientists
taxonomies = commercial information technologists, systems

developers
ontologies = Al, Semantic Web, Linked Data communities

—>Difference in term use mainly dependent on:
« Use case / application area
 Original discipline of author / developer

- Conceptual & structural differences
—> Impact on application

Broughton 2006; Dextre Clarke 2008; Gilchrist, 2003; Mayfield 2002; Soergel, 1999

26




Terminology issues - Ontology

LIS conceptualization:
term list = taxonomy -> classification = thesaurus = ontology = KOS

Semantic Web / LD conceptualization:

1. Semantic level ontologies: ,representational primitives to model a
domain of knowledge or discourse” = KOS, value vocabularies

2. Logical or physical level ontologies: “level of abstraction of data
models to model entities, attributes, relationships” = metadata
schemas, metadata element sets

- Differences in level of abstraction, number of relationships, type of
concepts, formality, ability for reasoning

—> Differences in application (no query expansion with “concepts” from
metadata schemas)

Gruber, 2009; Hodge, 2000, W3C LLD Incubator Group, 2011

27
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« fundamental facets: disciplines & documents are modelled
 upper (foundational) ontologies: abstract concepts (general notions) for
search, linguistics, reasoning applications

RLG fundamental categories: Eﬁﬁgested upper merged ontology (SUMO):
* Thing :
. Kind . Physpal
e Part * Object | |
- Property - ContentBearingPhysical
« Material * Process
* Process * PhysicalSystem
« Operation * Abstract
« Agent * Quantity
+ Patient * Attribute
* Product » SetOrClass
* By-product « Relation
* Space « Proposition
* Time . Graph
» GraphElement

Broughton, 2006; Mills, 2004; Niles & Pease, 2001. http://www.ontologyportal.org/
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Lessons learned

Impact factors for success of KOS in IR systems:
« Domain specificity

« Terminology / discipline of domain

* Object type (availability of text)

 Query type

« Search goal

« User type / domain familiarity

* Presentation / interaction

 Mode of access

* Relationship type

29



Lessons learned

Domain specificity:
- The more domain-specific the KOS (and application area), the better
the IR results.

Terminology / discipline of domain:

- KOS generally work better in disciplines with less terminological
vagueness (the clearer defined & standardized, the better also the IR
results).

Object type (availability of text):
- KOS (particularly terminology control) are generally more important for
retrieval success for object descriptions with fewer text.

Bates et al., 2003; Sartori, 2009; Svenonius, 1986; Wang, 2008 30




Lessons learned

Query type:
-2 KOS support is more important for short, broader or ambiguous
gueries.

—> Multi-concept queries might suffer from automatic methods for KOS
support because of potential query drift.

Search goal:
—-> KOS support is generally more successful for high-recall searches.
- Ontology-based retrieval might help in high-precision searches.

Bhogal et al., 2007; Segura et al., 2011; Suomela & Kekalainen, 2006 31




Lessons learned

User type / domain familiarity:

—>Novice users and users unfamiliar with the domain benefit most from
KOS for query expansion and contextualization.

- EXxpert users use KOS more often for query term selection or avoid
subject searching altogether.

Presentation / interaction:

- Interactive KOS use works better than automatic, especially for query
expansion, but puts more burden on the user.

- Interface design has a strong impact on experienced utility (can
Influence relevance assessments).

Bates, 1988; Beaulieu, 1997; Greenberg, 2004; Hsieh-Yee, 1993; livonen & Sonnenwald, 1998;
Markev 2007: Schwartz 2008: Shiri & Revie 2006 Sutcliffe et al 2000: VVakkari et al 2003 32



Lessons learned

Mode of acccess:

- KOS presentation is more useful if it follows the user‘s mode of
access, which is typically with a broader, more general entry than the
Information need, then narrowing down.

Relationship type:

- For automatic expansion, KOS equivalent and narrower term
relationships generally result in better IR results.

- KOS associative relationships can be helpful in interactive IR.

- Automatic expansion with co-occurring terms from the same domain
and level of generality works well.

—> For ontologies and their various relationships, the relationships best
suited for expansion depend on the domain.

Bates, 1998; Bhogal et al., 2007; Greenberg, 2001a, b; Navigl & Velardi, 2003;
Seaqaura et al 2011° Shiri & Revie 2006° Suomela & Kekalainen 2006 33



Sidebar: Relationship types in LIS KOS

Association for Library Collections & Technical Services study on subject
relationships for improvement of subject heading displays / use:

Hierarchical relationship types:
« Class/instance pairs

« Genus/species pairs

« Genealogical relationships

» Organizational reporting
 Partitive relationships

* Whole/part pairs

 Topic inclusion
 Discipline/subdiscipline pairs
+ 17 more

Associative relationship types:

Action/target pairs
Environmental relationships
Entity/school of thought pairs
Causal relationships
Dependency relationships
Instrument/goal pairs
Method/product pairs
Process/method pairs

+ 115 more

- 53 equivalence relationship types

Michel, 1996

34



Outlook: ,,.Semantic search*

 Killer application” of Semantic Web
« Highly structured, precise and distributed (linked) search
e Large-scale & necessary use of KOS!

—> Full potential of semantic relationships has not been realized

- Challenges for ontology development

—> Challenges of interoperability

- Challenges of scale & performance

- Challenges for query & browsing interfaces:
« Masking of query language
« Matching of natural language queries

—> Challenges of indexing & matching

http://www-03.ibm.com/innovation/us/watson/

Ferrucci et al., 2010; Janev & Vranes, 2011; Pellegrini, 2009
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“Despite the differences, it is to be regretted that the
‘ontological engineers’ make little or no reference to
work in information science...” (B.C. Vickery, 1997)

,ontological approaches are less developed and
studied...” (F. Sartori, 2009)

We are working on it. ©

vivien.petras@ibi.hu-berlin.de
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“Sometimes it is argued that with the automation of
Information retrieval it is possible to dispense with
traditional methodologies for organizing information, in
particular, classification. Perhaps the strongest
counterargument to this is that classification underlies all
thinking; thus it would be prima facie surprising if it found
no place in online systems of the future. But what is this
place?” (Svenonius, 1983)
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Functions of KOS

 vocabulary control (synonymy, polysemy)

« orientation / reference tool (knowledge organization, clarify concepts)
 conceptual frameworks for communication & learning

 standardized and consistent definition of concepts (variables, terms)
« classification for action: diagnosis, procedures, work flows

 support indexing (description & categorization of documents)

« term-based support of end-user searching (term list)

« knowledge-based support of end-user searching (hierarchies, facets)
e automatic term- or relationship-based expansion in direct search

« multilingual mapping of concepts

 support structured displays of search results

Soergel, 1999 e




Indexing for retrieval

Controlled vocabulary

Full text

+ Synonym, polysem, compound control
+ Expresses implicit concepts

+ Search term identification

+ Concept relationships

+ Maps areas of knowledge (access)

+ High recall, precision possible

+ Multilingual mapping possible

+ Exhaustivity - every word equal

+ Specificity - potential for high precision
+ No delay in incorporating new terms

+ Author words — no indexer errors

+ Natural language - searcher words

+ Interoperability between systems

+ Low cost

— Lack of exhaustivity

— Possible lack of specificity

— Possible inadequacies of coverage

— Possible out-of-date vocabulary

— Indexer errors

— Avrtificial language — searcher problems
— Interoperability problems

— High cost

— Synonymy, polysemy problems

— Implicit information may be missed
— Greater burden on searcher

— No concept relationships

— Vocabulary must be known

— Specificity — loss in recall

Dubois, 1987; Rowley, 1994
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