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Outline

▸ Introduction to knowledge organization systems
▸ Semantic Web standards for knowledge organization systems
▸ Why taxonomies
▸ Why ontologies and knowledge graphs

3



© Semantic Web Company 2022

Semantics

What is semantics?

▸ Semantics = meaning

▸ Thoughts, ideas, concepts, values for things and kinds of relations between things

▸ Not mere words, text strings, and unqualified links

▸ Semantics is about “things, not strings” (of text)

Why semantics?

▸ Users want to find information and answers, not just matching text strings.
▸ Users want to explore specific kinds of linkages, not just anything “related.”
▸ Users want to formulate complex, multi-part queries, and not just information “about.”

4
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Semantics

Semantics is not new; it has existed in:
▸ Dictionaries, glossaries, terminologies, indexes, classification systems, 

taxonomies, thesauri, mind maps/semantic networks

▸ In print or in stand-alone files

5

Semantics that is machine-readable, interoperable, and supports data 
linking, is newer:

▸ Guidelines, standards, and methods (languages) from the World Wide Web 
Consortium (W3C)

▸ “for representing interconnected data on the web”
to enable the Semantic Web (Web 2.0) for semantically linked data

▸ Supporting knowledge organization systems (taxonomies, thesauri, ontologies, 
etc.) in new standard machine-readable forms



Knowledge organization 
systems
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Knowledge Organization System Types

Knowledge Organization system (KOS)
▸ Any system of terms, terminology, classification, etc.

▸ to organize, define, manage, and/or retrieve 
information.

▸ Not any method to organize knowledge directly, 
but rather a scheme to organize concepts for 
organizing, classifying, defining, tagging, or 
retrieving information.

▸ Broader, includes more than just “controlled 
vocabularies”

7

KOS types:
term lists
name authorities
taxonomies
thesauri
glossaries
dictionaries
gazetteers
terminologies
categorization schemes
classification systems
subject heading schemes
semantic networks
ontologies

Controlled 
Vocabularies 
for information 
retrieval
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Knowledge Organization System Types

Controlled 
vocabularies
▸ Term lists/pick lists
▸ Synonym rings
▸ Authority files
▸ Name authorities

▸ Taxonomies
▸ Subject heading schemes
▸ Thesauri

8

Defined 
vocabularies
▸ Dictionaries
▸ Glossaries
▸ Gazetteers
▸ Terminologies 

Classification 
systems
▸ Cataloging systems
▸ Categorization schemes
▸ Classification schemes

Semantic 
models
▸ Mind maps
▸ Topic maps
▸ Semantic networks
▸ Ontologies
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Knowledge Organization System Types

Common types of controlled vocabularies
▸ Term list
▸ Name authority
▸ Taxonomy

▹ Hierarchical taxonomy
▹ Faceted taxonomy

▸ Thesaurus

“Taxonomy” sometimes means any controlled vocabulary.

9
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Knowledge Organization Systems: Term List

Term List
▸ A simple list of terms

▸ Usually alphabetical, but could be in 
other logical order

▸ Lacking synonyms, it is usually short 
enough for quick browsing

▸ Can appear in drop-down scroll boxes

▸ Often used for various metadata 
values or search refinements/facets

▸ Part of a larger set of controlled 
vocabularies,  part of a KOS

10

Country of publication

Language

Format
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Knowledge Organization Systems: Name Authority

Name authority
▸ For named entities, 

concrete entities,
proper nouns

▸ A controlled vocabulary 
with preferred names and 
variant/alternative names.

▸ May or may not have 
hierarchical relationships 
between named entities.

▸ Usually has additional 
information/attributes 
(metadata) for each 
named entity.

11
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Knowledge Organization Systems: Name Authority

12

Name authority
▸ The SKOS model can be 

extended by custom 
ontologies to support 
extended attributes, often 
desired for named entities.
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Knowledge Organization Systems: Taxonomy

Taxonomy
▸ A KOS with broader/narrower relationships that 

includes all concepts to create a hierarchical 
structure.

▸ Has a focus on categorising and organizing 
concepts.

▸ May or may not have “synonyms” to point to the 
correct, preferred terms/labels.

▸ May comprise several hierarchies, concept 
schemes, or facets.

▸ (A facet can be considered as a hierarchy.)
▸ “Taxonomy” sometimes refers to any kind of 

controlled vocabulary (term list, authority file, 
classification scheme, thesaurus, etc.)

13

Career Level
   Student
   Entry Level
   Experienced
   Manager
   Director
   Executive

Function
   Customer Service & Support
   Delivery
   Engineering
   Finance
   General Management
   Legal & Regulatory Affairs
   Marketing & Advertising
    [more]

Industry
   Agriculture
   Apparel & Fashion
   Automotive
   Aviation & Aerospace
   Banking
   Biotechnology
   Broadcast Media
   Chemicals
    [more]

Hierarchical 
taxonomy

Faceted
taxonomy
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Knowledge Organization Systems: Taxonomy

Hierarchical 
taxonomy
Concepts have 
broader-concept 
and/or 
narrower-concept 
relationships 
to other concepts.

14
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Hierarchical taxonomy purposes
1. Serving users who are browsing, exploring, 

discovering, not searching, to whom the hierarchy is 
displayed.

2. Instructing users on appropriate classification
3. Providing context to terms for manual 

indexers/taggers so that they apply the correct term.
4. Providing the context of a broader concept and thus 

meaning to aid in auto-classification.  
5. Enabling “recursive”/“rolled up” retrieval results (A 

term retrieves what is indexed to it and what is 
indexed to each on of its narrower terms, all together.)

15

Knowledge Organization Systems: Taxonomy

Eurovoc Thesaurus excerpt
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Knowledge Organization System Types

Faceted taxonomies
▸ Taxonomies organized into aspects, each for a 

“dimension” of a query
▸ Intended for searching with multiple terms, 

each from different facets, in combination
▸ Each as a refinement, filter, limit by, narrow by
▸ Also called “faceted classification” to classify 

content objects by multiple classification types

Suitable for content of a similar type that shares 
the same facets.
Examples: all research literature, all internal 
policies & procedures, all person profiles, all digital 
media files

16
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Knowledge Organization Systems: Thesaurus

Thesaurus
▸ A controlled vocabulary that has standard structured 

relationships between “terms” (concepts)
▹ Hierarchical: broader term/narrower term (BT/NT)
▹ Associative: related terms (RT)
▹ Equivalence: preferred term (“use for” or “used for”)/

                            non-preferred term (use)  (USE/UF)

▸ Created in accordance with standards:
▹ ISO 25964 (2011, 2013) Thesauri and Interoperability 

with Other Vocabularies
▹ ANSI/NISO Z39.19 (2005, renewed 2010) Guidelines for 

Construction, Format, and Management of Monolingual 
Controlled Vocabularies
www.niso.org/publications/ansiniso-z3919-2005-r2010

17

ERIC - Education thesaurus

http://www.niso.org/publications/ansiniso-z3919-2005-r2010
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Knowledge Organization Systems: Thesaurus

Thesaurus
As expressed in the 
SKOS model:

- Broader concepts
- Narrower concepts
- Related concepts
- Preferred label
- Alternative labels

18
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Knowledge Organization Systems: Ontology

Ontology
▸ A model of a knowledge domain
▸ Similar to (most of) a knowledge graph, but excludes the data
▸ A formal naming and definition of the types, properties and interrelationships of entities in a 

particular domain.
▸ Relations contain meaning, are “semantic.”
▸ Common standards provided by W3C: Web Ontology Language (OWL) and RDF-Schema.
▸ Comprises classes, relations, and attributes, which are linked in triples.

19
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Knowledge Organization Systems: Ontology

20

Classes
                Employee, Country,
                Organization
Relations: HeadquarteredIn < > HomeOf
                  EmployedBy < > Employs
Attributes: Email address, Job title, HQ city, NAICS codes, Currency, Language
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Knowledge Organization Systems: Ontology

21
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Term List Name Authority Taxonomy Thesaurus Ontology

Ambiguity 
control

Ambiguity control

Synonym control

(Attributes)

Ambiguity control

(Synonym 
control)

Hierarchical 
relationships

Ambiguity 
control

Synonym control

Hierarchical 
relationship

Associative 
relationships

 

Semantic 
relationships

Classes

Attributes

Less MoreComplexity/Expressiveness

Comparison of Knowledge Organization Systems
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Term List Name Authority Taxonomy Thesaurus

Ambiguity 
control

Ambiguity control

Synonym control

(Attributes)

Ambiguity control

(Synonym 
control)

Hierarchical 
relationships

Ambiguity 
control

Synonym control

Hierarchical 
relationship

Associative 
relationships

Less MoreComplexity/Expressiveness

Comparison of Knowledge Organization Systems

Ontology



Knowledge organization 
system standards
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Standards & Models

25

Types of standards:

1. Standards for design 
– Supports an expected experience and results by varied users without training.

2. Standards for specifications (measurements, protocols, coding, etc.) 
– Supports exchange and interoperability.

Standards for knowledge organization systems of each type:

1. Standards for design
ANSI/NISO Z39.19-2005 Guidelines for the Construction, Format, and Management of Monolingual 
Controlled Vocabularies 

ISO 25964 (2011 and 2013) Thesauri and Interoperability with Other Vocabularies

2. Standards for specifications and interoperability
Dublin Core, MARC, ZThes, DD 8723-5, SKOS, RDF, RDFS, and OWL
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Standards & Models

ANSI/NISO Z39.19-2005 (R2010) 
Guidelines for the Construction, Format, and Management of Monolingual Controlled Vocabularies 
www.niso.org/publications/ansiniso-z3919-2005-r2010 (167 pages)
▸ Despite its title, focus is on thesauri, but much is applicable to taxonomies, in general.
▸ Comparable international standard is ISO 25964 .

(which also includes multilingual thesauri and more on interoperability)

26

Guidelines/best practices for:
▸ Definitions, types, structure of various controlled vocabularies
▸ Forming relationships
▸ Term choice, scope, form, and style
▸ Display formats
▸ Vocabulary construction approaches
▸ Vocabulary management system considerations

http://www.niso.org/publications/ansiniso-z3919-2005-r2010
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Standards & Models

ANSI/NISO Z39.19-2005 (R2010) 
Examples of quality standards
▸ Concepts/terms are nouns or noun phrases.
▸ Use plural for countable nouns.
▸ No duplicates:  Concept labels must be unique.
▸ No relationship clashes: A pair of concepts can be either hierarchically or associatively 

related to each other, but not both.
▸ No circular relationships: hierarchical relationship logic extend:

▹ Concept A is narrower to Concept B, and 
▹ Concept B is narrower to Concept C, 
▹ Concept C cannot be narrower to Concept A

27
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Standards & Models

SKOS (Simple Knowledge Organization System) 
▸ A data model to represent knowledge organization systems.

▸ A World Wide Web (W3C) recommendation (initial version 2004 - revised 2009)

▸ “A common data model for sharing and linking knowledge organization systems via the Web” 
https://www.w3.org/TR/skos-reference/

▸ A KOS built on SKOS is machine-readable and interchangeable.

▸ Encoded using XML and RDF (Resource Description Framework).

▸ To enable easy publication and use of such vocabularies as linked data.

▸ Different KOS types (name authority, thesaurus, taxonomy, ontology) can all be built on the 
SKOS standard (although ontologies are usually based on the OWL standard instead).

28



© Semantic Web Company 2022

Standards & Models

SKOS principles
▸ A KOS is a group of concepts identified with URIs and 

▸ Concepts can be grouped hierarchically into a concept scheme.

▸ Concepts can be grouped into collections, which can be labeled and/or ordered.

▸ Concept can be labeled with any number of lexical strings (labels) in any natural language.

▸ Concepts can have one prefLabel in any natural language.

▸ Concepts can be documented with notes of various types: scope notes, definitions, editorial 
notes, etc.

▸ Concepts can be linked to each other using hierarchical and associative semantic relations.

▸ Concepts of different concept schemes can be mapped using four basic types of mapping 
relations.

29
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Standards & Models

30

SKOS elements

Concept Scheme 
& Collection

Concepts Labels & 
Notation

Documentation Semantic 
Relations

Mapping 
Relations

ConceptScheme Concept prefLabel scopeNote broader exactMatch

inScheme hasTopConcept altLabel definition narrower closeMatch

Collection topConceptOf hiddenLabel example related broaderMatch

orderedCollection notation changeNote narrowerMatch

member editorialNote relatedMatch

memberList historyNote
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Standards & Models

31

Basic SKOS view 
for taxonomy editing
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Standards: Other W3C Recommendations

RDF (Resource Description Framework)
▸ A World Wide Web (W3C) recommendation www.w3.org/TR/rdf11-concepts
▸ “A standard model for data interchange on the Web”
▸ Requires the use of URIs to specify things and to specify relations.
▸ Models information as subject – predicate – object  triples.

RDFS (RDF-Schema)
▸ A W3C recommendation www.w3.org/2001/sw/wiki/RDFS
▸ Published as part of the RDF Specification Suite Recommendations in 2004.
▸ “A general-purpose language for representing simple RDF vocabularies on the Web”
▸ Goes beyond RDF to designate classes and properties of RDF resources.

OWL (Web Ontology Language)
▸ A W3C specification www.w3.org/OWL
▸ “A Semantic Web language designed to represent rich and complex knowledge about things, groups 

of things, and relations between things”
▸ Based on RDF and RDFS; OWL is W3Cʼs attempt to extend RDFS.

32

https://www.w3.org/TR/rdf11-concepts
https://www.w3.org/2001/sw/wiki/RDFS
https://www.w3.org/OWL
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Standards: OWL (Web Ontology Language)

OWL-Defined Ontology Components
Entities – subjects or objects of properties (domains and ranges)
▸ Classes

▹ Named sets of concepts that share characteristics and relations
▹ May group subclasses or individuals (instances of the class) 

▸ Individuals
▹ Members or instances of a class.

Properties – predicates about individuals (instances)
▸  Object properties

▹ Relations between individuals
▹ May be directed (single direction), symmetric, or with an inverse (different in each direction)

▸ Datatype properties
▹ Attributes or characteristics of individuals
▹ The object of a datatype property is a value.

Literals – values of attributes, with just a lexical form and a datatype.

33https://www.w3.org/TR/2012/REC-owl2-primer-20121211/

https://www.w3.org/TR/2012/REC-owl2-primer-20121211/
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Taxonomy Uses and Benefits

Taxonomy Approaches

“Taxonomy” may refer to 
1. A hierarchy of terms/topics/categories arranged with narrower topics/subcategories 

displayed under their broader/parent categories. 
▸ To guide users to find the desired topic (and its linked content of pages or documents)
▸ Similar to navigation and site maps, but more topical and not just based on page titles 

2. A controlled vocabulary of metadata tags/labels to apply to pages, posts, or documents, 
so that they can be more precisely and comprehensively retrieved (than by search 
algorithms alone on keywords in text). 
▸ Implemented as search suggestion terms, search refinement filters, or related topics 

and searches

35
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Taxonomy Uses and Benefits

Why taxonomies? Traditional use

▸ Concepts/terms are used to tag/index/categorize content to make it easier to be 
found and retrieved
▹ supporting better findability than search alone

▸ The taxonomy is an intermediary that links the user to the desired content.

▸ Taxonomies usually link to content; ontologies can also link to data. 

36

Content Taxonomy Users
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Taxonomy Uses and Benefits

37

www.officedepot.com
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Taxonomy Uses and Benefits

38

World Bank

https://data.worldbank.org

https://data.worldbank.org/
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Taxonomy Uses and Benefits

Benefits of taxonomies and other controlled vocabularies
1. Controlled vocabulary

Brings together different wordings (synonyms) for the same concept
▹ Helps people search for information by different names

2. Classification and structure
Organizes information into a logical structure
▹ Helps people browse or navigate for information
▹ Provides context and meaning for concepts for indexing and retrieval

Scope issues:  “Taxonomy” sometimes refers to any kind of controlled vocabulary

39
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Taxonomies and Data

Relationships between data management/data science and taxonomies
▸ Graph databases - used with taxonomies and ontologies to create knowledge graphs.
▸ Metadata - is often populated with controlled vocabularies/taxonomy values.
▸ Reference data and master data - may be structured into hierarchies as taxonomies.
▸ Data catalogs - can be improved with taxonomies or taxonomy principles.
▸ Linked data - is based on W3C Semantic Web Standards and so are taxonomies.
▸ Machine learning and AI - may be used for text analytics on unstructured data for:

▹ term extraction to automatically generate candidate taxonomy terms
▹ auto-tagging content items with concepts from a taxonomy

40
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Taxonomy Uses and Benefits

Traditional uses of taxonomies:
▸ Topic/category browsing
▸ Search (matching search strings to concepts)
▸ Consistent tagging/indexing

Additional uses:
▸ Discovery (related concept links, or content sharing the same concepts)
▸ Filtering or sorting results
▸ Content management workflow (structured authoring, rights management, retention)
▸ Consistent metadata for identification, comparison, analysis, and reporting
▸ Visualization of topics (importance and/or relations)
▸ Curated content in feeds or info boxes
▸ Knowledge-based personalization or recommendation systems
▸ When integrated with ontologies, support for knowledge graphs and AI-driven 

applications

41
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What you cannot do with a taxonomy alone, but can with an added ontology
▸ Modeling complex interrelationships (e.g. in product approval or supply chain 

processes) and also connect to content
▸ Complex multi-part searches: e.g. find contacts in a specific location, who are employed 

by companies which belong to certain industries
▸ Exploring explicit relationships between concepts (not just broader, narrower, related)
▸ Search across datasets, not just search for content
▸ Search on more specific criteria that vary based on category (class)
▸ Visualization of concepts and semantic relationships
▸ Reasoning and inferencing
▸ Build a knowledge graph...

Why Ontologies

43
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Knowledge Graphs

What is a knowledge graph?

▸ A model of a knowledge domain combined with instance data

▸ Represents unified information across a domain or an organization,  
enriched with context and semantics that are meaningful
across information silos.

▸ Contains business objects and topics
that are closely linked, classified, semantically enriched, 
and connected to existing data and documents.

▸ A layer between the actual content/data and the querying layer. 

44
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Why Knowledge Graphs

45

Problems
▸ Data silos
▸ Heterogeneous data 

sources
▸ Mix of unstructured 

and structured data
▸ Same things with 

different names
▸ Localized meanings
▸ Change

Provided by
▸ Data-centric architecture
▸ Ontologies
▸ Knowledge graphs

Results in
▸ Knowledge discovery
▸ Better decisions
▸ Customer satisfaction

Solutions
▸ Sharing data
▸ Reusable data sets
▸ Semantic links
▸ Semantic data fabric
▸ Unified views

Causing
▸ Inefficiencies
▸ Missed opportunities
▸ Poor decisions
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Knowledge Graphs

46

Applications (augmented AI) 

Ontology, taxonomy,
 and controlled metadata

(Virtual) Data Layer

Content & Data Layer

Knowledge 
graph
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Knowledge Graphs

Knowledge graph components
▸ Extracted data, stored in either

▹ A graph database, of either
➤ RDF-based triple store
➤ Labeled property graph

▹ A search index
➤ RDF-based triple store

▸ which are tagged/linked with metadata or concepts in controlled vocabularies 
(taxonomies and other types) to label and organize the data

▸ which in turn are semantically linked to represent conceptual relationships and enriched 
with additional metadata attributes in an ontology

Scope issue/question: What kind of data is included or not? Data vs. content

47
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Why Apply an Ontology to a Taxonomy

Benefits of combining a high-level ontology as a semantic layer with a taxonomy
▸ Makes use of existing taxonomies, even multiple taxonomies
▸ Easier to model the ontology

▹ Existing taxonomies and controlled vocabularies provide a basis for knowledge 
modeling.

▹ No need to distinguish between sub-classes and individuals.
▸ Supports expert specialization

▹ Taxonomists develop and maintain taxonomies.
▹ Ontologists develop and maintain the ontology.

▸ More flexible and adaptable
▹ The taxonomy changes more frequently than does the ontology.
▹ Taxonomies can easily be added.

▸ Different purposes served
▹ The ontology is for modeling, reasoning, and analysis.
▹ The taxonomy is for tagging and information/data retrieval.

48
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Taxonomy Resources

▸ ANSI/NISO Z39.19-2005 (2010) Guidelines for Construction, Format, and Management of 
Monolingual Controlled Vocabularies
www.niso.org/publications/ansiniso-z3919-2005-r2010

▸ Accidental Taxonomist book websites
http://www.hedden-information.com/accidental-taxonomist/websites (updating in July)

▸ The Accidental Taxonomist Blog
http://accidental-taxonomist.blogspot.com

▸ Hedden Information Management past presentations 
http://www.hedden-information.com/presentations

▸ Taxonomy Talk, taxonomists community on Discord
https://discord.com/invite/3qyMVYCAsw

50

http://www.niso.org/publications/ansiniso-z3919-2005-r2010
http://www.hedden-information.com/accidental-taxonomist/websites/
http://accidental-taxonomist.blogspot.com
http://www.hedden-information.com/presentations
https://discord.com/invite/3qyMVYCAsw
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Taxonomy Resources

Courses, Workshops, Conferences

▸ “Taxonomies and Controlled Vocabularies” self-paced online course any time
Hedden Information Management

▸ “From Taxonomy to Ontology” online tutorial, July 14, 2:00 - 4:30 pm EDT
Special Libraries Association (SLA)

▸ “Knowledge Engineering of Taxonomies, Thesauri, and Ontologies” tutorial, September 14 or 15, 
SEMANTiCS conference, Vienna (hybrid)

▸ Taxonomy Boot Camp conference
November 7-8, 2022, Washington DC

▸ Taxonomy Boot Camp London Virtual half-day conference
October 12, 2022

▸ “Taxonomy and Metadata Design,” 8-hour 2-day online seminar, November 14-15,
Technology Transfer S.r.l.

51

http://www.hedden-information.com/courses-workshops/taxonomy-course
https://www.pathlms.com/sla/courses/43821/webinars/30332#
https://2022-eu.semantics.cc/
https://www.taxonomybootcamp.com
http://www.taxonomybootcamp.com/london
https://technologytransfer.it/heather-hedden/
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Questions/Contact

52

Heather Hedden
Data and Knowledge Engineer
Semantic Web Company Inc.
One Boston Place, Suite 2600
Boston, MA 02108
857-400-0183
heather.hedden@semantic-web.com
www.linkedin.com/in/hedden

Semantic Web Company www.semantic-web.com

PoolParty software www.poolparty.biz
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http://www.semantic-web.com
http://www.poolparty.biz

