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What	  is	  SKOS?	  

•  A	  language	  for	  describing	  Web	  vocabularies	  
(taxonomies,	  classifica>on	  schemes,	  thesauri)	  

•  Builds	  on	  Linked	  Data	  principles	  
– Concepts	  have	  URIs	  	  
– Concepts	  are	  interlinked	  
– Vocabularies	  are	  expressed	  in	  RDF	  
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Who	  is	  using	  SKOS?	  

h"p://www.w3.org/2001/sw/wiki/SKOS/Datasets	  
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SKOS	  Example	  -‐	  UKAT	  

"Weapons"

skos:prefLabel
skos:Concept

ukat:859

"Military Equipment"
skos:prefLabel

skos:Concept
ukat:5060

skos:broaderskos:narrower

skos:broader

skos:narrower

"Ordnance"
skos:altLabel

"Armaments"skos:altLabel

"Arms"

skos:altLabel

ukat: http://www.ukat.org.uk/thesaurus/concept/
skos: http://www.w3.org/2004/02/skos/core# 5	  
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The	  big	  picture	  

Retrieval Model

Query

Documents

Analysis

Analysis

Query 
Representation

Document 
Representation

Scoring Results

SKOS-‐based	  term	  expansion	  
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Label-‐based	  (Query)	  Expansion	  

•  Query:	  roman	  arms	  

•  Document:	  

Title	   Spearhead	  

Descrip>on	   Roman	  iron	  spearhead.	  The	  spearhead	  was	  
abached	  to	  one	  end	  of	  a	  wooden	  shac.	  .	  .	  

Subject	   Weapons	  
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Label-‐based	  (Query)	  Expansion	  

roman arms

skos:prefLabel
weapons

skos:altLabel
armaments

skos:broader
ordnance

skos:broader
military equipment

Title	   Spearhead	  

Descrip>on	   Roman	  iron	  spearhead.	  The	  spearhead	  was	  abached	  
to	  one	  end	  of	  a	  wooden	  shac.	  .	  .	  

Subject	   Weapons	  

matches	  
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URI-‐based	  Expansion	  

•  Query:	  roman	  arms	  

•  Document:	  

Title	   Spearhead	  

Descrip>on	   Roman	  iron	  spearhead.	  The	  spearhead	  was	  
abached	  to	  one	  end	  of	  a	  wooden	  shac.	  .	  .	  

Subject	   hbp://www.ukat.org.uk/thesaurus/concept/859	  
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URI-‐based	  Expansion	  
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URI-‐based	  Expansion	  

matches	  

Title	   Spearhead	  

Descrip>on	   Roman	  iron	  spearhead.	  The	  spearhead	  was	  
abached	  to	  one	  end	  of	  a	  wooden	  shac.	  .	  .	  

Subject	   hbp://www.ukat.org.uk/thesaurus/concept/859	  
arms,	  weapons,	  armaments,	  ...	  

Query:	  roman	  arms	  
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Scoring	  

•  Apply	  regular	  text	  retrieval	  func>ons	  
•  boostctype:	  leverages	  explicit	  declara>on	  of	  
SKOS	  expansion	  types	  in	  term	  representa>ons	  

•  coordq,d:	  ensures	  that	  a	  document	  with	  more	  
matching	  terms	  will	  score	  higher	  
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h"ps://github.com/behas/lucene-‐skos	  
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Dataset	  1	  

•  OHSUMED:	  
– 350K	  Pubmed	  metadata	  records	  from	  270	  journals	  
– Title,	  author,	  abstract,	  …	  
– 3	  level	  relevance	  judgments	  for	  informa>on	  needs	  

•  Medical	  Subject	  Headings	  (MeSH)	  in	  SKOS	  
– Maintained	  by	  US	  Na>onal	  Library	  of	  Medicine	  
– Used	  to	  index	  millions	  of	  ar>cles	  in	  PubMed	  
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Dataset	  2	  

•  8,905	  MODS	  metadata	  records	  harvested	  
from	  the	  Library	  of	  Congress	  (LoC)	  

•  10	  queries	  from	  the	  2009/2010	  query	  
collec>on	  

•  Binary	  relevance	  judgments	  for	  queries	  	  
•  Library	  of	  Congress	  Subject	  Headings	  (LCSH)	  in	  
SKOS	  
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Method	  

•  Focus	  on	  label-‐based	  expansion	  at	  query	  >me	  
•  Normalized	  queries	  and	  SKOS	  vocabularies	  
•  Expanded	  each	  query	  term	  by	  collec>ng	  SKOS	  
concepts	  that	  have	  that	  term	  in	  any	  of	  their	  
labels	  (prefLabel,	  altLabel,	  hiddenLabel)	  

•  Applied	  pre-‐defined	  boost-‐weights	  that	  
maximized	  query	  performance	  
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Two	  Baselines	  

•  No	  term	  expansion	  (NoExp)	  
– queries	  are	  executed	  over	  documents	  without	  
SKOS-‐based	  term	  expansion.	  

•  Pseudo	  Relevance	  Feedback	  (PRF):	  
– Perform	  ini>al	  search	  with	  original	  query	  
– Collect	  terms	  from	  k	  retrieved	  documents	  
– Resubmit	  query	  +	  collected	  terms	  
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OHSUMED	  query	  expansion	  example	  

Query:	  fibromyalgia fibrositis, diagnosis and treatment	  

Expanded	  Query:	  

(fibromyalgia rheumatism muscular^0.5 diffuse myofascial pain syndrome^0.5  
fibromyalgia fibromyositis syndrome^0.5 myofascial pain syndrome diffuse^0.5 
fibromyositis fibromyalgia syndrome^0.5 fibrositis^0.5)	  
(fibrositis rheumatism muscular^0.5 diffuse myofascial pain syndrome^0.5 
fibromyalgia fibromyositis syndrome^0.5 myofascial pain syndrome diffuse^0.5 
fibromyositis fibromyalgia syndrome^0.5 fibromyalgia^0.5)	  
(diagnosis examinations diagnoses^0.5)	  
(treatment disease management^0.5 therapy^0.5)	  
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Results	  OHSUMED/MESH	  

LTC TF-IDF BM25

P@1 P@3 P@10 nDCG@1 nDCG@3 nDCG@10 P@1 P@3 P@10 nDCG@1 nDCG@3 nDCG@10

NoExp 0.333 0.302 0.260 0.407 0.376 0.356 0.381 0.344 0.265 0.450 0.414 0.374
PRF 0.322 0.282 0.302 0.379 0.360 0.393 0.377 0.317 0.275 0.443 0.397 0.369
SKOS 0.419 0.366 0.276 0.484 0.429 0.379 0.500 0.366 0.282 0.548 0.435 0.397

Table 1: Precision and nDCG results on the OHSUMED dataset.

query set provided with each dataset (63 OHSUMED/MESH,
10 LoC/LCSH). We focused on two measures, precision at
rank n (P@n) for both dataset bundles and nDCG at rank n

(nDCG@n) for the OHSUMED/MESH bundle, which pro-
vides ordinal relevance judgments. Two retrieval models
were used for ranking documents: LTC TF-IDF and BM25.

4.1 Dataset Characteristics
The OHSUMED/MeSH bundle comprises a subset of

the PubMed database with about 350K metadata records
(documents) from 270 journals from 1987 to 1991. Each
record contains fields, including title, authors and abstract.
In addition, each document contains indexing terms from
Medical Subject Headings. We use the OHSU set, a selec-
tion of 63 queries from the original 101 in OHSUMED. The
collection includes absolute relevance judgments with three
levels given by human assessors to documents.

Medical Subject Headings (MeSH) is a controlled vocab-
ulary managed by the U.S. National Library of Medicine
(NLM) used to index millions of articles in the PubMed
database. Physicians and medical librarians can use the
terms in this vocabulary to search for relevant documents.
It is structured in 12 levels establishing thesaurus-like hier-
archic relationships and is easily mapped to SKOS [13].

The LoC/LCSH bundle consists of 8,905 MODS meta-
data records about historical maps hosted by the Library of
Congress Map Collections7. Each metadata record has fields
like title, person/role (e.g., creator, cartographer), place, re-
lated items, physical location in library, identifier, etc. It
also contains several subject fields with indexing terms taken
from several controlled vocabularies. We obtained all queries
over this collection for the years 2009 a 2010. Since this ex-
periment is still in an early stage, we selected 10 represen-
tative queries each delivering more than 10 results without
query expansion. We used Mechanical Turk to obtain three
relevance judgments for each query/document pair.

The Library of Congress Subject Headings (LCSH) have
been actively maintained since 1898 and is used in the LoC
catalog but also internationally, often in translation. It in-
cludes personal and corporate name headings as well as ge-
ographical terms.

4.2 Results and Discussion
Table 1 summarizes the results from our experiment on

the OHSUMED/MeSH bundle, in which we compared the
performance of SKOS-based expansion to no expansion and
pseudo-relevance feedback using two di↵erent retrieval mod-
els (LTC TF-IDF and BM25). It shows that our approach
exceeded precision of NoExp and PRF baselines at rank 1
and 3 over all retrieval models. Only in the case of tf–idf
PRF yielded higher precision and nDCG at rank 10.

SKOS-expansion adds specific and curated knowledge to
the query, while PRF widens the query with terms that are

7
http://memory.loc.gov/ammem/gmdhtml/gmdhome.html

only statistically correlated, therefore this is an expectable
outcome. In our case, the PRF expansion method uses the
25 most common terms in the first 5 results for a query,
without knowledge about the relevancy of each term added,
apart from a document collection statistical point of view.
PRF might lead to better recall i.e., return more relevant
documents, but hurt precison at top ranks. On the other
hand, with SKOS-expansion the terms used in expansion
are always from a SKOS vocabulary and not from the cor-
pus. Therefore, we are already only expanding using rele-
vant terms, since the terms’ existence in the vocabulary is a
good hint that the term is important.

LTC TF-IDF

P@1 P@3 P@10

NoExp 0.500 0.500 0.370
PRF 0.300 0.433 0.430
SKOS 0.600 0.533 0.370

Table 2: Precision with LTC TF-IDF results on the
Library of Congress dataset.

Table 2 shows the results we obtained from early experi-
ments with the Library of Congress Subject Headings. The
results are similar to the results with OHSUMED. The PRF
method is best at 10, but SKOS-expansion is more e↵ective
ranking the top positions.
In both experiments we observed that SKOS-expansion

provides the best results for the top ranks. The PRF method
can be competitive for longer result lists because it provides
better retrieval performance with scoring models such as
LTC TF-IDF. However, this greater retrieval performance
of PRF at 10 has a cost: the loss of precision at the very top
ranks. This means that, while the overall number of relevant
documents in the top 10 ranks might be larger with PRF,
the top ranked documents for a number of queries are not
relevant. This problem with PRF is very noticeable in both
datasets when measuring precision at rank 1, where PRF
considerably hurts performance in contrast to NoExp. On
the other hand, SKOS-expansion and PRF can be combined.
We can take advantage of the improved precision at the top
ranks of the SKOS-expansion method to choose the best top
documents to use for PRF, for example.

5. CONCLUSIONS
Knowledge organization systems expressed in SKOS are

available as structured data on the Web and can be used to
improve Web search. In this paper, we presented a SKOS-
based term expansion technique that supports both label-
and URI-based term expansion either at query or docu-
ment indexing-time. It keeps track of SKOS expansion types
and exploits that information for scoring. Our experiments,
which were conducted on two distinct dataset bundles, have

LTC TF-IDF BM25

P@1 P@3 P@10 nDCG@1 nDCG@3 nDCG@10 P@1 P@3 P@10 nDCG@1 nDCG@3 nDCG@10

NoExp 0.333 0.302 0.260 0.407 0.376 0.356 0.381 0.344 0.265 0.450 0.414 0.374
PRF 0.322 0.282 0.302 0.379 0.360 0.393 0.377 0.317 0.275 0.443 0.397 0.369
SKOS 0.419 0.366 0.276 0.484 0.429 0.379 0.500 0.366 0.282 0.548 0.435 0.397

Table 1: Precision and nDCG results on the OHSUMED dataset.

query set provided with each dataset (63 OHSUMED/MESH,
10 LoC/LCSH). We focused on two measures, precision at
rank n (P@n) for both dataset bundles and nDCG at rank n

(nDCG@n) for the OHSUMED/MESH bundle, which pro-
vides ordinal relevance judgments. Two retrieval models
were used for ranking documents: LTC TF-IDF and BM25.

4.1 Dataset Characteristics
The OHSUMED/MeSH bundle comprises a subset of

the PubMed database with about 350K metadata records
(documents) from 270 journals from 1987 to 1991. Each
record contains fields, including title, authors and abstract.
In addition, each document contains indexing terms from
Medical Subject Headings. We use the OHSU set, a selec-
tion of 63 queries from the original 101 in OHSUMED. The
collection includes absolute relevance judgments with three
levels given by human assessors to documents.

Medical Subject Headings (MeSH) is a controlled vocab-
ulary managed by the U.S. National Library of Medicine
(NLM) used to index millions of articles in the PubMed
database. Physicians and medical librarians can use the
terms in this vocabulary to search for relevant documents.
It is structured in 12 levels establishing thesaurus-like hier-
archic relationships and is easily mapped to SKOS [13].

The LoC/LCSH bundle consists of 8,905 MODS meta-
data records about historical maps hosted by the Library of
Congress Map Collections7. Each metadata record has fields
like title, person/role (e.g., creator, cartographer), place, re-
lated items, physical location in library, identifier, etc. It
also contains several subject fields with indexing terms taken
from several controlled vocabularies. We obtained all queries
over this collection for the years 2009 a 2010. Since this ex-
periment is still in an early stage, we selected 10 represen-
tative queries each delivering more than 10 results without
query expansion. We used Mechanical Turk to obtain three
relevance judgments for each query/document pair.

The Library of Congress Subject Headings (LCSH) have
been actively maintained since 1898 and is used in the LoC
catalog but also internationally, often in translation. It in-
cludes personal and corporate name headings as well as ge-
ographical terms.

4.2 Results and Discussion
Table 1 summarizes the results from our experiment on

the OHSUMED/MeSH bundle, in which we compared the
performance of SKOS-based expansion to no expansion and
pseudo-relevance feedback using two di↵erent retrieval mod-
els (LTC TF-IDF and BM25). It shows that our approach
exceeded precision of NoExp and PRF baselines at rank 1
and 3 over all retrieval models. Only in the case of tf–idf
PRF yielded higher precision and nDCG at rank 10.

SKOS-expansion adds specific and curated knowledge to
the query, while PRF widens the query with terms that are

7
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only statistically correlated, therefore this is an expectable
outcome. In our case, the PRF expansion method uses the
25 most common terms in the first 5 results for a query,
without knowledge about the relevancy of each term added,
apart from a document collection statistical point of view.
PRF might lead to better recall i.e., return more relevant
documents, but hurt precison at top ranks. On the other
hand, with SKOS-expansion the terms used in expansion
are always from a SKOS vocabulary and not from the cor-
pus. Therefore, we are already only expanding using rele-
vant terms, since the terms’ existence in the vocabulary is a
good hint that the term is important.

LTC TF-IDF

P@1 P@3 P@10

NoExp 0.500 0.500 0.370
PRF 0.300 0.433 0.430
SKOS 0.600 0.533 0.370

Table 2: Precision with LTC TF-IDF results on the
Library of Congress dataset.

Table 2 shows the results we obtained from early experi-
ments with the Library of Congress Subject Headings. The
results are similar to the results with OHSUMED. The PRF
method is best at 10, but SKOS-expansion is more e↵ective
ranking the top positions.
In both experiments we observed that SKOS-expansion

provides the best results for the top ranks. The PRF method
can be competitive for longer result lists because it provides
better retrieval performance with scoring models such as
LTC TF-IDF. However, this greater retrieval performance
of PRF at 10 has a cost: the loss of precision at the very top
ranks. This means that, while the overall number of relevant
documents in the top 10 ranks might be larger with PRF,
the top ranked documents for a number of queries are not
relevant. This problem with PRF is very noticeable in both
datasets when measuring precision at rank 1, where PRF
considerably hurts performance in contrast to NoExp. On
the other hand, SKOS-expansion and PRF can be combined.
We can take advantage of the improved precision at the top
ranks of the SKOS-expansion method to choose the best top
documents to use for PRF, for example.

5. CONCLUSIONS
Knowledge organization systems expressed in SKOS are

available as structured data on the Web and can be used to
improve Web search. In this paper, we presented a SKOS-
based term expansion technique that supports both label-
and URI-based term expansion either at query or docu-
ment indexing-time. It keeps track of SKOS expansion types
and exploits that information for scoring. Our experiments,
which were conducted on two distinct dataset bundles, have
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Ini>al	  Results	  LoC/LCSH	  

LTC TF-IDF BM25
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query set provided with each dataset (63 OHSUMED/MESH,
10 LoC/LCSH). We focused on two measures, precision at
rank n (P@n) for both dataset bundles and nDCG at rank n

(nDCG@n) for the OHSUMED/MESH bundle, which pro-
vides ordinal relevance judgments. Two retrieval models
were used for ranking documents: LTC TF-IDF and BM25.

4.1 Dataset Characteristics
The OHSUMED/MeSH bundle comprises a subset of

the PubMed database with about 350K metadata records
(documents) from 270 journals from 1987 to 1991. Each
record contains fields, including title, authors and abstract.
In addition, each document contains indexing terms from
Medical Subject Headings. We use the OHSU set, a selec-
tion of 63 queries from the original 101 in OHSUMED. The
collection includes absolute relevance judgments with three
levels given by human assessors to documents.

Medical Subject Headings (MeSH) is a controlled vocab-
ulary managed by the U.S. National Library of Medicine
(NLM) used to index millions of articles in the PubMed
database. Physicians and medical librarians can use the
terms in this vocabulary to search for relevant documents.
It is structured in 12 levels establishing thesaurus-like hier-
archic relationships and is easily mapped to SKOS [13].

The LoC/LCSH bundle consists of 8,905 MODS meta-
data records about historical maps hosted by the Library of
Congress Map Collections7. Each metadata record has fields
like title, person/role (e.g., creator, cartographer), place, re-
lated items, physical location in library, identifier, etc. It
also contains several subject fields with indexing terms taken
from several controlled vocabularies. We obtained all queries
over this collection for the years 2009 a 2010. Since this ex-
periment is still in an early stage, we selected 10 represen-
tative queries each delivering more than 10 results without
query expansion. We used Mechanical Turk to obtain three
relevance judgments for each query/document pair.

The Library of Congress Subject Headings (LCSH) have
been actively maintained since 1898 and is used in the LoC
catalog but also internationally, often in translation. It in-
cludes personal and corporate name headings as well as ge-
ographical terms.

4.2 Results and Discussion
Table 1 summarizes the results from our experiment on

the OHSUMED/MeSH bundle, in which we compared the
performance of SKOS-based expansion to no expansion and
pseudo-relevance feedback using two di↵erent retrieval mod-
els (LTC TF-IDF and BM25). It shows that our approach
exceeded precision of NoExp and PRF baselines at rank 1
and 3 over all retrieval models. Only in the case of tf–idf
PRF yielded higher precision and nDCG at rank 10.

SKOS-expansion adds specific and curated knowledge to
the query, while PRF widens the query with terms that are

7
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only statistically correlated, therefore this is an expectable
outcome. In our case, the PRF expansion method uses the
25 most common terms in the first 5 results for a query,
without knowledge about the relevancy of each term added,
apart from a document collection statistical point of view.
PRF might lead to better recall i.e., return more relevant
documents, but hurt precison at top ranks. On the other
hand, with SKOS-expansion the terms used in expansion
are always from a SKOS vocabulary and not from the cor-
pus. Therefore, we are already only expanding using rele-
vant terms, since the terms’ existence in the vocabulary is a
good hint that the term is important.

LTC TF-IDF

P@1 P@3 P@10

NoExp 0.500 0.500 0.370
PRF 0.300 0.433 0.430
SKOS 0.600 0.533 0.370

Table 2: Precision with LTC TF-IDF results on the
Library of Congress dataset.

Table 2 shows the results we obtained from early experi-
ments with the Library of Congress Subject Headings. The
results are similar to the results with OHSUMED. The PRF
method is best at 10, but SKOS-expansion is more e↵ective
ranking the top positions.
In both experiments we observed that SKOS-expansion

provides the best results for the top ranks. The PRF method
can be competitive for longer result lists because it provides
better retrieval performance with scoring models such as
LTC TF-IDF. However, this greater retrieval performance
of PRF at 10 has a cost: the loss of precision at the very top
ranks. This means that, while the overall number of relevant
documents in the top 10 ranks might be larger with PRF,
the top ranked documents for a number of queries are not
relevant. This problem with PRF is very noticeable in both
datasets when measuring precision at rank 1, where PRF
considerably hurts performance in contrast to NoExp. On
the other hand, SKOS-expansion and PRF can be combined.
We can take advantage of the improved precision at the top
ranks of the SKOS-expansion method to choose the best top
documents to use for PRF, for example.

5. CONCLUSIONS
Knowledge organization systems expressed in SKOS are

available as structured data on the Web and can be used to
improve Web search. In this paper, we presented a SKOS-
based term expansion technique that supports both label-
and URI-based term expansion either at query or docu-
ment indexing-time. It keeps track of SKOS expansion types
and exploits that information for scoring. Our experiments,
which were conducted on two distinct dataset bundles, have
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Conclusions	  

•  Our	  experiments	  indicated	  gains	  in	  retrieval	  
effec>veness	  compared	  to	  no-‐expansion	  or	  
pseudo	  relevance	  feedback	  

•  Our	  solu>on	  can	  easily	  be	  adopted	  by	  loading	  
lucene-‐skos	  with	  Apache	  Lucene	  and	  Solr	  
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Future	  Work	  

•  More	  thorough	  evalua>on	  using	  LoC/LCSH	  	  

•  Use	  corpora,	  queries,	  and	  vocabularies	  from	  
other	  domains	  

•  Apply	  this	  technique	  for	  general	  concept-‐
based	  and	  URI-‐iden>fied	  Web	  data	  sources	  
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Thanks!	  

@bhaslhofer,	  @flaviomar>ns	  
hbp://slideshare.net/bhaslhofer	  

	  
hbps://github.com/behas/lucene-‐skos	  
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