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Outline

1. FAIR 
- a LOD KOS as an open dataset

2. FIT
- a LOD KOS as a value vocabulary 
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Metrics development for LOD KOS
The metrics are developed based on:
• Data collected 2015-16, 2017-18, & 2019-20

• Datahub and other vocab services
• Case studies on LOD KOS in the SW, 2015-2020
(Refer to the full paper: Zeng &  Clunis, 2020)

Findable
Accessible
Interoperable
Reusable

Functional
Impactful
Transformable

LOD KOS found in the Datahub: 
-(2016): 1251 found
-(2017): 1662 found 
-(2021): 1176 found

with tags: “thesaurus”, “classification”, “taxonomy”, 
“ontology”, “terminology” 
(Note: Some are tagged with multiple categories. Some 
have multiple editions.)

& https://old.datahub.io/

https://datahub.io/

Zeng, M. L. &  Clunis, J. (2020). FAIR+ FIT: guiding principles and functional 
metrics for linked open data (LOD) KOS products. Journal of Data and 
Information Science, 5(1), 93-118. https://doi.org/10.2478/jdis-2020-0008

https://old.datahub.io/
https://datahub.io/


FAIR 
– a LOD KOS as an open dataset 

Metrics development for LOD KOS

Findable
Accessible
Interoperable
Reusable



CC

19
33

19
99
－

20
05

18
76

DDC
18

96
-1
90

5
UDC

18
98
－

19
09

LCSH

NISO 
Z39.19

19
67

TEST

Thesaurus

19
74ISO 2788 19
85

ISO5964

20
05

-2
00

9

W3C
SKOS 
& XL

KOS

20
11

-2
01

3

ISO
25964

20
02

OpenCyc
ontology

20
04

W3C
OWL

20
11

Schema.
org

4

Growth of the KOS for information and knowledge organization tasks  

Classification, Subject headings

• LIS professionals • LIS professionals
• I&A database producers  

+ Thesaurus ++ Ontology, knowledge base

• LIS professionals
• I&A database producers  
• Anyone
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Growth of the KOS for the information and knowledge organization tasks  

Classification, Subject headings

• LIS professionals • LIS professionals
• I&A database producers  

+Thesaurus ++ Ontology, knowledge base

• LIS professionals
• I&A database producers  
• Anyone

Conventional KOS have always been quick adapters of 
of new technologies in their publishing venues and applications 

The release of a LOD KOS product
represents a turning point for the
producer or provider of a vocabulary.

I&A 
databases

CD-ROMs

XML files

HTML 
Websites

RDF datasets

printed



Findable 
F1. (Meta)data are assigned a globally unique and 
persistent identifier
F2. Data are described with rich metadata (defined by R1 
below)
F3. Metadata clearly and explicitly include the identifier of 
the data they describe
F4. (Meta)data are registered or indexed in a searchable 
resource

6

https://www.go-fair.org/fair-principles/

LOD KOS’ FAIR: Findable Examples from the datahub: 
- Various levels of F[indable]

vs.

vOur additional recommendation: 
ÞEnrich metadata about KOS as much as possible 

to enable data discovery processes



LOD KOS’ FAIR: Accessible

Accessible
A1. (Meta)data are retrievable by their identifier using a standardised 
communications protocol

A2. Metadata are accessible, even when the data are no longer 
available

Examples from the datahub: 
- Various levels of A[ccessible] 

https://www.go-fair.org/fair-principles/

vs.

vOur additional recommendation: 
ÞProvide multiple pathways for accessing KOS datasets
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https://www.go-fair.org/fair-principles/



Interoperable
I1. (Meta)data use a formal, accessible, shared, and broadly 
applicable language for knowledge representation.
I2. (Meta)data use vocabularies that follow FAIR principles
I3. (Meta)data include qualified references to other 
(meta)data
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LOD KOS’ FAIR: Interoperable Search Type of 
KOS/DATASET

# found 
(initial)

# found 
(verified)

Authority Files 164 18

List 825 71

Terminology 39 35

Thesaurus 80 91

Taxonomy 37 22

Classification 478 43

Ontology 531 266

Totals 1623 (+531 
ontologies)

280 (+ 266 
ontologies)

vOur additional recommendation: 
ÞUtilize the KOS Types Vocabulary* to standardize the way 

vocabulary types are categorized
*https://nkos.slis.kent.edu/nkos-type.html

Examples from the datahub: 

3391 
vocabularies

https://www.go-fair.org/fair-principles/

Note: Some are tagged with multiple 
categories. Some have multiple editions.



Examples from the datahub: 
- Various levels of R[eusable]

LOD KOS’ FAIR: Reusable

Marcia Zeng & J. Clunis - NKOS Workshop @DC2019, Sept 24, Seoul

vs.

Reusable
R1. Meta(data) are richly described with a plurality of accurate 
and relevant attributes

R1.1. (Meta)data are released with a clear and accessible data 
usage license
R1.2. (Meta)data are associated with detailed provenance
R1.3. (Meta)data meet domain-relevant community standards

https://www.go-fair.org/fair-principles/

9

vOur additional recommendation: 
Þ Adequately supply license and provenance metadata to 

enable datasets’ reusability



F I T 
– a LOD KOS as a 
value vocabulary

Functional
Impactful

Transformable

Metrics development for LOD KOS



Functional

Metrics:

F1. The vocabulary is delivered in 
consumable formats

F2. The provided SPARQL 
endpoints are operational

F3. Dataset properties and 
structures are informed 
effectively

F4. Services are user-friendly, 
making vocabulary contents 
reachable

11

Functional
Metrics for LOD KOS

-- as  a value vocabulary

[The vocabulary is...]
Made available in ways that 
enhance its inherent purpose



Format 2016 2017 2019 

JSON 54 42 74 

HTML 47 37 71 

XML 55 42 69 

TSV 44 30 63 

RDF+XML 40 30 61 

DEFAULT/AUTO 37 27 51 

TURTLE 30 26 39 

CSV 34 20 39 

N-TRIPLES 26 18 36 

JAVASCRIPT 23 11 31 

SPREADSHEET 22 3 30 

PLAIN/TEXT 20 21 28 

QUERY STRUCTURE 15 15 23 

SERIALIZED PHP 15 15 22 

JSON-LD   3 1 

 

Functional

Ø Available in various 
data serialization 
formats

consu
mable

F1. The vocabulary is 
delivered in consumable
formats

Findings based on data from datahub: 

12

Available serialization formats of KOS datasets 
(sorted based on data collected 2019)



Functional

13

- Data collected from datahub

with SPARQL Endpoints
In addition to data dumps …

Ø Accessible through SPARQL

2016 2017 2019
Search Type of 
KOS/DATASET

# 
found

# with 
SPARQL 

endpoints

Search Type of 
KOS/DATASET

# found # with 
SPARQL 

endpoints

Search Type of 
KOS/DATASET

# found # with 
SPARQL 

endpoints

Thesaurus 67 39 Thesaurus 79 40 Thesaurus 80 41

Classification 458 29 Classification 476 31 Classification 478 31

Taxonomy 26 8 Taxonomy 35 8 Taxonomy 37 10

Terminology 35 7 Terminology 39 8 Terminology 39 8

List 665 52 List 821 58 List 825 59

Total 1251 135 Total 1450 145 Total 1459 149

vOur recommendation for F1: 
Þ a KOS vocabulary should be delivered in consumable formats: available in various 

data serialization formats and accessible through a SPARQL endpoint
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Number of Non-Functioning SPARQL endpoints

after removing 
duplicates and not 
including 
ontologies:

Reality check

Findings (2019): Near 80%  are operational  

F2. SPARQL endpoints are operational  

Ensures sustainability!

vOur recommendation for F2: 
Þ institutions should commit to ensuring the sustainability of access to their KOS 

dataset deliverables by providing a persistently available SPARQL endpoint

Functional

more than 20% are no longer working



In order to master a query, one 
must understand: 

• the syntax, 
• forms, 
• operators, 
• result set modifiers, 
• variables, and 
• functions of the SPARQL 

query language. 

+
• properties used by various 

involved RDF vocabularies

15

FunctionalF3. Dataset properties and structures are 
informed effectively 

http://vocabularies.unesco.org/sparql-form/

http://vocabularies.unesco.org/sparql-form/
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(cont.) F3. Dataset 
properties and structures 
are informed effectively 

Reality check: For the KOSs which provided SPARQL 
Endpoints, are they similar in structure and do they use a 
similar set of properties?                          

Functional

Finding 
(Study 
conducted in 
2016): The 
majority have 
specialized
properties to 
represent their 
structure.
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Reality check: For the KOSs which provided SPARQL Endpoints, are they similar in structure and do they 
use a similar set of properties?

[Study conducted in 2019.]
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• Contains multiple refined 
query examples to inform
knowledge of dataset 
properties and structures

(cont.) F3. Dataset 
properties and structures 
are informed effectively 

Functional

vOur recommendation for F3: 
Þ Dataset properties and structure information should be more effectively and 

readily available 
ÞA SPARQL service should at least contain refined query examples to reveal the 

internal structures of the datasets  
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Functional

Findings (2019) of 149 endpoints: 
• 66 offered a default query. 
• 26 offered example queries of any kind.
• 9 provided more than 3 example queries.

F4. Services are user-friendly, making vocabulary 
contents reachable 

reachable

v We highly recommend 
KOS producers adopt 
and adhere to best 
practices like this to 
enhance usability



Query examples available by year 
# of 

datasets
Endpoint 

operational
Endpoint 
no longer 
available

# providing 
default 
query

# providing 
example 
queries

# providing 
more than 3 

example 
queries

1459 149 74 66 (41% ) 26 (<20% ) 9 (a few )

1450 145 63 33 21 10

1251 135 29 - 16 6

vOur recommendation for F4: 
Þ Datasets with SPARQL endpoints should provide query 

examples or forms and templates to enable the easy 
creation of queries allowing users to interact with the data. 

Functional

(cont.) F4. Services 
are user-friendly, 
making vocabulary 
contents reachable 

20



Metrics:

F1. The vocabulary is delivered in 
consumable formats

F2. Provided SPARQL endpoints 
are operational

F3. Dataset properties and 
structures are informed 
effectively

F4. Services are user-friendly, 
making vocabulary contents 
reachable

Functional

21

When a KOS is Functional, it could 
further its Impacts and potential 
Transformable usages 

Summary

[The vocabulary is...]
Made available in ways that 
enhance its inherent purpose

LOD
KOS

Functional



(cont.) F I T 
– a LOD KOS as a value vocabulary

Metrics development for LOD KOS

Functional
Impactful

Transformable



Impactful

Metrics:

I1. Exposed through 
terminology services

I2. Used by data providers
a) as a primary value Vocab

b) in semantic enrichment

I3. Mapped with other KOS 
vocabs

I4. Showed/discussed at 
professional conferences and 
publications

Maximizes the impact of a 
LOD KOS vocab

23

ImpactfulMetrics for LOD KOS
-- as  a value vocabulary
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a. Registry of KOS
ü BARTOC (Basel Register of Thesauri, Ontologies & Classifications) 

• 3390+ https://bartoc.org/

ü Taxonomy warehouse http://www.taxonomywarehouse.com/default.aspx

ü Taxobank: 2000 vocabularies http://www.taxobank.org/

b. Registry of LOD vocabularies (“property vocabularies” & “value vocabularies”) 

Ø LOV (Linked Open Vocabularies)  http://lov.okfn.org/dataset/lov

• 760+ registered, some are value vocabularies

Ø BioPortal https://bioportal.bioontology.org/

• 900+ ontologies, some are classifications and thesauri

c. Registry of LOD products, including KOS 

v DataHub https://datahub.io/ &  https://old.datahub.io/

I1. Exposed through terminology services Impactful

https://bartoc.org/
http://www.taxonomywarehouse.com/default.aspx
http://www.taxobank.org/
http://lov.okfn.org/dataset/lov
https://bioportal.bioontology.org/
https://datahub.io/
https://old.datahub.io/


http://bioportal.bioontology.org/ontologies/MESH
25

a) as a primary value vocabulary
I2. Used by data providers Impactful



[Europeana enriches xxx by aligning to (xxx)]
agent names à

places à
concepts à

time period à (Semium Time).  

Update from Europeana
enriched in 2021 (by May):  

ü Relate objects to concepts, agents, places, etc., 
using the properties in the Europeana Data Model 
(EDM) (e.g., dc:subject, dc:creator).

- Source: Europeana Semantic Enrichment Framework Documentation
Version: 17th November 2016 (updated 2017, 2018, 2020, 2021). 
Available from https://pro.europeana.eu/page/europeana-semantic-enrichment
--> several vocabularies (Compiled by MZ 2020-11-18, validated 2021-10-21)

agents

places

concepts

Europeana Dereferenceable vocabularies
(cont.) I2. Used by data providers

b) used in semantic enrichment  

Impactful

Type June 19 Nov 20 May 21
Place 14,019,045 15,206,861 16,101,291

Concept 15,734,342 15,218,899 15,765,470

Agent 1,309,614 1,429,242 1,311,327

Time
Period

17,406,100 18,597,882 16,452,469

Europeana Semantic Enrichment Framework 
Europeana semantic enrichment - - > 

26

https://pro.europeana.eu/page/europeana-semantic-enrichment
https://docs.google.com/spreadsheets/d/1BoDNolkcp_qfvVShdOZyGcf61XslcwKF2MdGcjgYs20/edit
https://docs.google.com/document/d/1JvjrWMTpMIH7WnuieNqcT0zpJAXUPo6x4uMBj1pEx0Y
https://pro.europeana.eu/page/europeana-semantic-enrichment
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https://publications.europa.eu/en/w
eb/eu-vocabularies/th-dataset/-
/resource/dataset/eurovoc

Alignments 
require 

interoperability
in syntax

&
structure

I3. Mapped with 
other KOSs

AGROVOC
Impactful

http://aims.fao.org/standards/agrovoc
/linked-data 

https://zbw.eu/stw/version/latest/map
ping/about.en.html



Ø NKOS workshops

Ø LODLAM Summit

Ø ISKO and ISKO-chapter events

Ø DCMI conferences

Ø Books and journal articles

Ø … … 

28

Impactful

-- as a KOS vocabulary 
I4. Showed/discussed at professional 
conferences and publications



Impactful

Metrics:

I1. Exposed through 
terminology services

I2. Used by data providers
a) as a primary value vocab

b) in semantic enrichment

I3. Mapped with other KOS 
vocabs

I4. Showed/discussed at 
professional conferences and 
publications

Maximizes the impact of a 
LOD KOS vocab

29

ImpactfulSummary
LOD
KOS



2. F I T 
– a LOD KOS as a value vocabulary

Metrics development for LOD KOS

Functional
Impactful

Transformable



Transformable

Metrics:

T1. Allows special KOS products to 
be derived from the original data

T2. The user is given autonomy to 
determine what structure and 
information is desired and can be 
reproduced from the vocabulary

T3. Enables extensibility to fit 
diverse needs

T4. Supports innovative and 
transformative uses beyond normal 
“value vocabularies”

Extends the functionality and 
impact through innovative 
adaptations

31

TransformableMetrics for LOD KOS
-- as  a value vocabulary
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http://vocabularies.unesco.org/sparql-form/
Image captured 2019-08-21

Transformable

derivable

Top - -down

T1. Allows special KOS 
products to be derived from 
the original data

About 100 micro-thesauri can be obtained

http://vocabularies.unesco.org/sparql-form/

http://vocabularies.unesco.org/sparql-form/
http://vocabularies.unesco.org/sparql-form/
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http://vocab.getty.edu/sparql

1

2

3

4

reproducible
bottom - - up 

T2. The user is given 
autonomy to determine 
what structure and 
information is desired 
and can be reproduced

Transformable

http://vocab.getty.edu/sparql
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AAT descendants of 300194567 "drinking vessels" 

AAT descendants  of 300212133 
“costume by function”

Endless reuse potentials. 

Transformable



Ø Extended to fit diverse needs 

• Culture

• Language

• Domain 

• Structure 

Ø Virtual harmonization 
through linking
• E.g., Faceted Application of Subject 

Terminology  (FAST) 
àVIAF URI (schema:sameAs)
&  Wikidata URI (foaf:focus)

35

- because the vocabulary 
is available as a LOD KOS

T3. Extended to fit diverse needs

Transformable
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Ø LOD KOS can be used for 
Ø obtaining special graphs or 

datasets for very complicated 
questions

Ø revealing unknown relationships 

Could a LOD KOS dataset be 
considered 

Ø a knowledge base?
Ø the foundation of a network 

analysis? 
Ø the building blocks of a 

framework for research in 
humanities and science?

beyond being a “vocabulary”

TransformableT4. Supports innovative
transformative uses beyond normal 
“value vocabularies”



https://sparql.uniprot.org/

37

UniProt
Universal Protein Resource
- with many entries being derived 

from genome sequencing projects

Transformable

innovative

http://sparql.uniprot.org/

Marcia Zeng & J. Clunis - NKOS Workshop @DC2019, Sept 24, 
Seoul

Query examples can lead users to explore he rich contents of the datasets

innov
ative

https://sparql.uniprot.org/
http://sparql.uniprot.org/
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http://vocab.getty.edu/queries

Name authorities offer 
foundational 
structured data for 
network analyses

Transformable
Union List of Artist Names
(ULAN) – Specific Queries

http://vocab.getty.edu/queries#ULAN-
Specific_Queries

(cont.) T4. Supports 
innovative
transformative uses

LOD KOS products can 
be transformed beyond
being just “value 
vocabularies”

They can become 
knowledge bases and 
provide semantic-rich 
discoveries  

innov
ative

http://vocab.getty.edu/queries
http://vocab.getty.edu/queries


Transformable

Metrics:

T1. Allows special KOS products to 
be derived from the original data

T2. The user is given autonomy to 
determine what structure and 
information is desired and can be 
reproduced from the vocabulary

T3. Enables extensibility to fit 
diverse needs

T4. Supports innovative and 
transformative uses beyond normal 
“value vocabularies”

Extends the functionality and 
impact through innovative 
adaptations

39

TransformableSummary
LOD
KOS



[The vocabulary is...]

Made available in ways that 
enhance its inherent purpose

Metrics:

F1. The vocabulary is delivered in 
consumable formats

F2. Provided SPARQL endpoints 
are operational

F3. Dataset properties and 
structures are informed effectively

F4. Services are user-friendly, 
making vocabulary contents 
reachable

Ø Functional Ø Impactful Ø Transformable
[The vocabulary...]

Maximizes the impact of a LOD 
KOS vocab

Metrics:

I1. Exposed through terminology 
services

I2. Used by data providers

a) as a primary value Vocab

b) in semantic enrichment

I3. Mapped with other KOS vocabs

I4. Showed/discussed at professional 
conferences and publications

[The vocabulary...]

Extends the functionality and impact 
through innovative adaptations

Metrics:

T1. Allows special KOS products to be 
derived from the original data

T2. The user is given autonomy to 
determine what structure and information 
is desired and can be reproduced from the 
vocabulary

T3. Enables extensibility to fit diverse needs

T4. Supports innovative and transformative 
uses beyond normal “value vocabularies”

F I T Metrics for LOD KOS (as value vocabularies)

Marcia Zeng - ISKO-UK 2021-10 40

Conclusion



FAIR + F I T Metrics for LOD KOS

41

Ø Transformable
• Derivable 
• Autonomous
• Extendable
• Innovative

Ø Functional
• Consumable
• Operational 
• Use-friendly,   

Reachable
• Informative

FAIR
as a dataset

Ø Findable

Ø Accessible

Ø Interoperable

Ø Reusable

FIT as a value vocabulary 

Ø Impactful
• Exposed
• Used
• Mapped
• Showed 

/Discussed 

[The vocabulary ...]
Is made available in 
ways that enhance its 
inherent purpose

[The vocabulary...]

Maximizes the impact 
of a LOD KOS vocab

[The vocabulary...]

Extends the functionality 
and impact through 
innovative adaptations

Conclusion



FAIR + FIT 
Functional Metrics for 
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Thank you!

Full paper: FAIR + FIT : Guiding Principles and Functional 
Metrics  for Linked Open Data (LOD) KOS Products

Marcia Lei Zeng & Julaine Clunis
Journal of Data and Information Science (JDIS) 5(1), 2020. 
https://doi.org/10.2478/jdis-2020-0008
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