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The Digital Library Federation

On May 1, 1995, 16 institutions created the Digital Library Fed-
eration (additional partners have since joined the original 16).
The DLF partners have committed themselves to “bring togeth-
er—from across the nation and beyond—digitized materials
that will be made accessible to students, scholars, and citizens
everywhere.” If they are to succeed in reaching their goals, all
DLF participants realize that they must act quickly to build the
infrastructure and the institutional capacity to sustain digital
libraries. In support of DLF participants’ efforts to these ends,
DLF launched this publication series in 1999 to highlight and

disseminate critical work.
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Foreword

Access to digital materials continues to be an issue of great signifi-
cance in the development of digital libraries. The proliferation of
information in the networked digital environment poses challenges
as well as opportunities. The Digital Library Federation is committed
to fostering work that addresses these challenges and opportunities
while also ensuring the timely dissemination of information about
state-of-the-art initiatives.

The author reports on a wide array of activities in the field. While
this publication is not intended to be exhaustive, the reader will find,
in a single work, an overview of systems of knowledge organization
and pertinent examples of their application to digital materials. Tech-
nological developments have made it possible to provide alternate
subject access through the adoption and use of multiple knowledge
organization schemes. The report offers extensive practical informa-
tion for institutions embarking on digital library initiatives. In particu-
lar, the section on planning and implementing organization systems
identifies methods for enhancing access to existing digital materials.

Rebecca Graham
Research Associate
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Executive Summary

ibrarians are increasingly called upon not only to collect infor-

mation in electronic form but also to organize it into digital

libraries. The materials may be created and held locally, or they
may be created and accessed in a distributed fashion as a virtual
library. Digital libraries can provide material on a variety of topics,
from children’s games to high-energy physics. Their scope may be
local, national, or even international; the audience may be a small
group with specialized interests or the broader public. Essential to
the successful implementation and use of any digital library is the
organization of that library, either directly or indirectly, by one or
more knowledge organization systems (KOS).

The term knowledge organization systems is intended to encom-
pass all types of schemes for organizing information and promoting
knowledge management. Knowledge organization systems include
classification and categorization schemes that organize materials at
a general level, subject headings that provide more detailed access,
and authority files that control variant versions of key information
such as geographic names and personal names. Knowledge organi-
zation systems also include highly structured vocabularies, such as
thesauri, and less traditional schemes, such as semantic networks
and ontologies. Because knowledge organization systems are mecha-
nisms for organizing information, they are at the heart of every li-
brary, museum, and archive.

The knowledge organization system used in a particular situ-
ation may be borrowed from the library tradition, such as the Li-
brary of Congress Classification Schedule, or from commerce, such
as the Yahoo categories, or it may be developed locally. The KOS
may be applied to metadata records for each resource, embedded
in metatags, or separated from the digital library resources as part
of the access mechanism. Regardless of its location with respect to
the resource, its origin, or its type, the KOS has a single purpose: to
organize content to support retrieval of relevant items from a digital
library collection.

The first section of this report defines the general characteristics
of KOSs, with emphasis on their connection to a particular view of
the world. The historic origins and uses of KOSs, in libraries and in
other information management environments, are described. Vari-
ous types of KOSs are discussed.

Section 2 provides examples of how knowledge organization
systems can be used to enhance digital libraries in a variety of disci-
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plines. It describes how a KOS can be used to link a digital resource
to related material. The KOS can be used directly or indirectly to
provide more descriptive records for entities in the digital resource.
Finally, the KOS can provide access not only to a descriptive record
but also to location information about a relevant physical object.

Section 3 discusses how KOSs can be used to provide disparate
communities with access to digital library resources. This can be
done by using a KOS to provide alternate subject access, to add a
new mode of access to the digital library (for example, visual or geo-
graphic in addition to textual), to provide multilingual access, or to
support free-text searching.

The report concludes with a discussion of issues to consider
when using KOSs with digital libraries. It provides a framework for
the design, planning, implementation, and maintenance of KOSs in
digital library environments.
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Knowledge Organization Systems: An Overview

The term knowledge organization systems is intended to encompass

all types of schemes for organizing information and promoting
knowledge management.! Knowledge organization systems include
classification schemes that organize materials at a general level (such
as books on a shelf), subject headings that provide more detailed
access, and authority files that control variant versions of key infor-
mation (such as geographic names and personal names). They also
include less-traditional schemes, such as semantic networks and on-
tologies. Because knowledge organization systems are mechanisms
for organizing information, they are at the heart of every library,
museum, and archive.

Knowledge organization systems are used to organize materi-
als for the purpose of retrieval and to manage a collection. A KOS
serves as a bridge between the user’s information need and the ma-
terial in the collection. With it, the user should be able to identify an
object of interest without prior knowledge of its existence. Whether
through browsing or direct searching, whether through themes on a
Web page or a site search engine, the KOS guides the user through a
discovery process. In addition, KOSs allow the organizers to answer
questions regarding the scope of a collection and what is needed to
round it out.

All digital libraries use one or more KOS. Just as in a physical
library, the KOS in a digital library provides an overview of the con-
tent of the collection and supports retrieval. The scheme may be a
traditional KOS relevant to the scope of the material and the expect-
ed audience for the digital library (such as the Dewey Decimal Sys-
tem or the INSPEC Thesaurus), a commercially developed scheme
such as the Yahoo or Excite categories, or a locally developed scheme
for a corporate intranet.

The decision of what knowledge organization system to use is
central to the development of any digital library. The KOS must be
applicable, either automatically or by human catalogers, to the re-
sources included in the digital library. Once the material is included
in the collection, the KOS must be meaningful to its users.

This section outlines the characteristics of KOSs, describes the
common types, and discusses their origins and traditional uses.

L The term knowledge organization systems as used in this report was coined by
the Networked Knowledge Organization Systems Working Group at its initial
meeting at the ACM Digital Libraries ‘98 Conference in Pittsburgh, Pennsylvania.
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Common Characteristics of Knowledge
Organization Systems

It is often said that humans are inherent organizers. From an early
age, children play sorting and matching games. We cope with our
ever-changing world by comparing new objects or experiences with
those with which we are familiar, identifying patterns and categoriz-
ing what is new into our existing frame of reference. The emphasis
on developing comprehensive KOSs can be seen in the writings of
our earliest philosophers, many of whom continue to influence our
view of the world. For example, Aristotle’s effort to categorize knowl-
edge into groups (such as physics, politics, or psychology) is reflected
in our language, our education, and our science. The original clas-
sification scheme of the Library of Congress, used between 1800 and
1814, was based on the philosophical works of Sir Francis Bacon and
inherited from the English tradition. Beginning in 1814, the influence
of Thomas Jefferson can be seen on the Library of Congress collec-
tion. Jefferson, who reclassified the library, reflected a more human-
ist philosophy (Lesk 1997).

There is no single knowledge classification scheme on which
everyone agrees. Michael Lesk speculates that while a single KOS
would be advantageous, it is unlikely that such a system will ever
be developed. Culture may constrain the knowledge classification
scheme so that what is meaningful to one culture is not necessarily
meaningful to another (Lesk 1997). Therefore, we live in a world of
multiple, variant ways to organize knowledge.

Despite their diversity, KOSs have the following common char-
acteristics that are critical to their use in organizing digital libraries.

® The KOS imposes a particular view of the world on a collection
and the items in it.

* The same entity can be characterized in different ways, depend-
ing on the KOS that is used.

® There must be sufficient commonality between the concept ex-
pressed in a KOS and the real-world object to which that concept
refers that a knowledgeable person could apply the system with
reasonable reliability. Likewise, a person seeking relevant materi-
al by using a KOS must be able to connect his or her concept with
its representation in the system.

Types of Knowledge Organization Systems

A review of some typical knowledge organization systems shows
their scope and applicability to a variety of digital library settings.
While there are specific definitions for many of these KOSs in the
computer science and information science literature, and even in
standards documents, there is debate over these definitions. Terms
are often used, particularly in the popular press and in the book
trade, in nonstandard ways. Reflecting the scope of this practice, a
recent National Information Standards Organization (NISO) work-
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shop on electronic thesauri emphasized the need to improve the
definitions of “terminology relating to terminology” (NISO 1999).

The descriptions given here provide an overview of possible
systems for organizing digital libraries. The descriptions are based
on characteristics such as structure and complexity, relationships
among terms, and historical function. The list is not comprehensive;
nor are the definitions of these terms contained in specific standards
documents. They are grouped into three general categories: term
lists, which emphasize lists of terms often with definitions; classifica-
tions and categories, which emphasize the creation of subject sets;
and relationship lists, which emphasize the connections between
terms and concepts.

Term Lists

Authority Files. Authority files are lists of terms that are used to con-
trol the variant names for an entity or the domain value for a par-
ticular field. Examples include names for countries, individuals, and
organizations. Nonpreferred terms may be linked to the preferred
versions. This type of KOS generally does not include a deep orga-
nization or complex structure. The presentation may be alphabetical
or organized by a shallow classification scheme. A limited hierarchy
may be applied to allow for simple navigation, particularly when
the authority file is being accessed manually or is extremely large.
Examples of authority files include the Library of Congress Name
Authority File and the Getty Geographic Authority File.

Glossaries. A glossary is a list of terms, usually with definitions. The
terms may be from a specific subject field or from a particular work.
The terms are defined within a specific environment and rarely
include variant meanings. Examples include the Environmental Pro-
tection Agency (EPA) Terms of the Environment.

Dictionaries. Dictionaries are alphabetical lists of words and their
definitions. Variant senses are provided where applicable. Diction-
aries are more general in scope than are glossaries. They may also
provide information about the origin of a word, variants (by spelling
and morphology), and multiple meanings across disciplines. While a
dictionary may also provide synonyms and through the definitions,
related words, there is no explicit hierarchical structure or attempt to
group them by concept.

Guazetteers. A gazetteer is a list of place names. Traditional gazetteers
have been published as books or have appeared as indexes to atlas-
es. Each entry may also be identified by feature type, such as river,
city, or school. An example is the U.S. Code of Geographic Names.
Geospatially referenced gazetteers provide coordinates for locating
the place on the earth’s surface. The term gazetteer has several other
meanings, including an announcement publication such as a patent
or legal gazetteer. These gazetteers are often organized using clas-
sification schemes or subject categories.
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Classifications and Categories

Subject Headings. This scheme type provides a set of controlled terms
to represent the subjects of items in a collection. Subject heading
lists can be extensive and cover a broad range of subjects; however,
the subject heading list’s structure is generally very shallow, with a
limited hierarchical structure. In use, subject headings tend to be co-
ordinated, with rules for how they can be joined to provide concepts
that are more specific. Examples include the Medical Subject Head-
ings (MeSH) and the Library of Congress Subject Headings (LCSH).

Classification Schemes, Taxonomies, and Categorization Schemes. These
terms are often used interchangeably. Although there may be subtle
differences from example to example, these types of KOSs all pro-
vide ways to separate entities into “buckets” or broad topic levels.
Some examples provide a hierarchical arrangement of numeric or
alphabetic notation to represent broad topics. These types of KOSs
may not follow the rules for hierarchy required in the ANSI NISO
Thesaurus Standard (£39.19) (NISO 1998), and they lack the explicit
relationships presented in a thesaurus. Examples of classification
schemes include the Library of Congress Classification Schedules
(an open, expandable system), the Dewey Decimal Classification (a
closed system of 10 numeric sections with decimal extensions), and
the Universal Decimal Classification (based on Dewey but extended
to include facets, or particular aspects of a topic). Subject categories
are often used to group thesaurus terms in broad topic sets that lie
outside the hierarchical scheme of the thesaurus. Taxonomies are
increasingly being used in object-oriented design and knowledge
management systems to indicate any grouping of objects based on a
particular characteristic.

Relationship Lists

Thesauri. Thesauri are based on concepts and they show relation-
ships among terms. Relationships commonly expressed in a thesau-
rus include hierarchy, equivalence (synonymy), and association or
relatedness. These relationships are generally represented by the no-
tation BT (broader term), NT (narrower term), SY (synonym), and RT
(associative or related term). Associative relationships may be more
detailed in some schemes. For example, the Unified Medical Lan-
guage System (UMLS) from the National Library of Medicine has
defined more than 40 relationships, many of which are associative.
Preferred terms for indexing and retrieval are identified. Entry terms
(or nonpreferred terms) point to the preferred terms to be used for
each concept.

There are standards for the development of monolingual the-
sauri (NISO 1998; ISO 1986) and multilingual thesauri (ISO 1985). In
these standards, the definition of a thesaurus is fairly narrow. Stan-
dard relationships are assumed, as is the identification of preferred
terms, and there are rules for creating relationships among terms.
The definition of a thesaurus in these standards is often at variance
with schemes that are traditionally called thesauri. Many thesauri do
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not follow all the rules of the standard but are still generally thought
of as thesauri. Another type of thesaurus, such as the Roget’s Thesau-
rus (with the addition of classification categories), represents only
equivalence.

Many thesauri are large; they may include more than 50,000
terms. Most were developed for a specific discipline or a specific
product or family of products. Examples include the Food and Ag-
ricultural Organization’s Aquatic Sciences and Fisheries Thesaurus and
the National Aeronautic and Space Administration (NASA) Thesaurus for
aeronautics and aerospace-related topics.

Semantic Networks. With the advent of natural language processing,
there have been significant developments in semantic networks.
These KOSs structure concepts and terms not as hierarchies but as
a network or a web. Concepts are thought of as nodes, and relation-
ships branch out from them. The relationships generally go beyond
the standard BT, NT, and RT. They may include specific whole-part,
cause-effect, or parent-child relationships. The most noted semantic
network is Princeton University’s WordNet, which is now used in a
variety of search engines.

Ontologies. Ontology is the newest label to be attached to some knowl-
edge organization systems. The knowledge-management commu-
nity is developing ontologies as specific concept models. They can
represent complex relationships among objects, and include the rules
and axioms missing from semantic networks. Ontologies that de-
scribe knowledge in a specific area are often connected with systems
for data mining and knowledge management.

All of these examples of knowledge organization systems, which
vary in complexity, structure, and function, can provide organiza-
tion and increased access to digital libraries.

The Origin and Use of Knowledge
Organization Systems

In the physical library, classification schemes such as Library of
Congress (LC), Dewey Decimal System, and the Universal Decimal
Classification reflect, among other things, the need to store a single
item at a single location on a shelf. To provide multiple access points
beyond the limits of a single physical location, subject headings are
applied. Libraries use subject heading schemes such as LCSH, Sears,
or other specialized schemes developed for specific content or spe-
cific collections. At the level of specific content, libraries have used
authority files to control variant forms of personal, organizational,
and geographic names.

However, KOSs can be found in settings other than libraries. An
awareness of the KOSs available from alternative sources is valuable
when considering the development of digital libraries for a specific
audience.
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Abstracting and Indexing Services

Abstracting and indexing (A&I) services developed as an outgrowth
of traditional bibliographies and the explosion of journal literature.
In the sciences, the development of A&l services was spurred by
the post-World War I concerns about inadequate access to scientific
information. In the 1950s, investment in A&l services was fueled
by the Cold War and Sputnik. Abstracting and indexing services
in the humanities, such as the Bibliography of the History of Art or
the Modern Languages Association (MLA) Bibliography, generally
took a different growth path than did their scientific and technical
counterparts, but they also quickly became important resources for
scholarship in the online environment. The scope of A&l services
varies from broad discipline-oriented services (e.g., chemistry, ar-
chitecture, biology, and physics) to narrowly defined aspects of the
literature (e.g., peaceful uses of nuclear energy) and subdisciplines
(e.g., aquatic sciences).

Special KOSs, such as thesauri and subject categories, were de-
veloped to support A&l services and their specific products and au-
diences. These organizations applied increasingly complex schemes
to provide subject access to the literature in a variety of subjects. By
the 1960s, A&I services were moving from the provision of print-
only products to print and online services through large online
vendors such as Dialog. Later, the products were distributed on CD-
ROM and now, increasingly, on the Web. In many cases, the KOSs
migrated from print to electronic media following the products they
supported. While increased computing power, more sophisticated
search engines, and more independent end-user searching have led
to changes in some KOSs, most have retained their importance, even
in the Web environment.

For many years, the KOSs related to A&l services were applied
only by catalogers and indexers trained in using the KOS indexing
for a particular product or products. The primary users of KOSs
were librarians and other professional searchers. However, the pro-
liferation of electronic data, the explosion of electronic publishing,
and increasing concerns about the difficulty of locating information
have led to a renewed interest in these KOSs for use not only by pro-
fessionals but also by end users.

Publishers

As publishers have migrated to electronic composition systems, they
have become increasingly involved in the production of A&I prod-
ucts. Large journal publishers such as Academic Press and Elsevier
have developed their own systems to provide bibliographic records
linked to the full text of documents. As the content of online journals
has grown, it has become necessary to move from systems that pro-
vide browsing by table of contents and journal issue to systems that
support searching by both free text and by KOS. Electronic journals
have resulted in additional KOSs, particularly classification and cat-
egorization schemes. For example, Elsevier’s Web site has a subject
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categorization scheme to provide access to individual Web sites of its
more than 2,000 titles.

Trade, Professional, and Governmental Organizations

A variety of authority files and classification schemes are used to
support business and commerce. They range from the Standard In-
dustrial Classification (SIC) code and the North American Industrial
Classification System (NAICS), used in procurement and govern-
ment statistics, to disease codes used to communicate patient ill-
nesses and treatments among physicians, hospitals, and insurance
companies. As more organizations develop Web sites, additional
KOSs are being developed to support them.

Internal Projects

Organizations are among the most prolific creators and users of
KOSs. Developers of corporate intranets and knowledge manage-
ment systems have discovered hundreds of specific classification
schemes, glossaries, categorization schemes, and other vocabularies
in use within organizations. Many of these are geared toward spe-
cific tasks and are, therefore, very narrow both in subject scope and
target audience. However, for these audiences, they can also be rich
sources of information.

For example, the Department of Energy (DOE) Environmental
Management Science Program (EMSP) and the Office of Scientific
and Technical Information are developing a digital library to sup-
port EMSP program managers. Program managers and research-
ers have developed “needs categories” and “science categories” to
organize the Environmental Science Network (ESN). The categories
are used primarily to support the process of grant submission and
award; however, the ESN also uses them to provide access to related
material from within DOE and from other distributed databases
from the EPA, the Department of Defense, and NASA. Vocabulary
is currently being organized around these categories for use with a
Web mining tool that will provide highly relevant Web resources for
project managers in specific areas.

Summary

Knowledge organization systems include a variety of schemes

that organize, manage, and retrieve information. They range from
authority files to classification schemes, thesauri, and ontologies.
Libraries and other information management organizations have
developed KOSs to organize and retrieve information. In addition
to their primary function, which is to provide access to materials for
a specific community or audience, KOSs can perform functions that
further enhance the digital library.
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Linking Digital Library Resources to Related Resources

This section emphasizes the ability of knowledge organization sys-
tems to link digital library resources to other related resources. The
basis for this linking is the identification of information within a dig-
ital resource that can be extracted and used to search and locate in-
formation within a KOS. The KOS may then be used to expand codes
to more explanatory full text, to provide more descriptive records, or
to link entity names to resources of physical specimens.

Expanding Codes to Full Text

Practitioners of a discipline use coding schemes to facilitate com-
munication within that discipline. It is often helpful to connect these
coding schemes to the full names for which the code stands. The
examples provided here include links between databank registra-
tion codes and the biological sequence data, and between industrial
codes and the full name that the code represents.

Linking Sequence Numbers to Biosequence Databanks
The lengthy biochemical and genetic sequences that molecular biolo-
gists, biotechnologists, and geneticists identify each day are kept in
databanks. Several databanks have been developed, for example, to
cover protein sequences, nucleotides, and cell lines. One of the larg-
est databanks contains information on the mapping of the human
genome. As molecular biologists began to discover these sequences,
they reported them in scientific journals. Difficulties in composing,
proofreading, and printing the text soon arose. Through an ad hoc
standards process, major biomedical publishers agreed to require the
inclusion of codes or databank numbers for these sequences in ar-
ticles when they are published. In addition, the sequence itself must
be registered in a databank before the paper can be published.

Some of the most frequently referenced databanks are listed on
the Web site of the National Center for Biotechnology Information.
They include GenBank and the Research Collaboratory for Structur-
al Bioinformatics Protein Data Bank. Each sequence number is dif-
ferent, but all begin with a persistent code identifying the databank.

How can the link be made between the literature and the data-
bank? Through a search profile, a text analysis program, or keyword
indexing, the text can be analyzed and the sequence databank num-
bers identified. An active link can be embedded. The active link con-
sists of a search strategy (possibly written as a CGI script) to locate
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that sequence number in the databank where the actual sequence is
stored. When the user clicks on the active link, the script is gener-
ated and launched from the user’s browser. The Web-enabled da-
tabase is searched, and the sequence record is returned to the user.
Depending on the services provided by the databank site, the user
can analyze the sequence using a number of tools provided by the
databank or download the sequence for local manipulation.

This type of connection exists between the National Library of
Medicine’s (NLM) search service, PubMed, and GenBank at the Na-
tional Center for Biotechnology Information. If a search in PubMed
yields records that have GenBank numbers, the user can automati-
cally search and display the sequence records from GenBank.

Linking Individual Industrial Codes to the Full Scheme

In business, classification schemes serve to communicate impor-
tant facts about a company or product. These codes are generally
controlled by a government, professional, trade, or international
standards organization. They often serve as shorthand for users in-
terested in material in a particular area of industry or a specific busi-
ness sector.

Perhaps the most familiar scheme is the SIC code, which was last
updated in 1987. The SIC codes have been used by the U.S. govern-
ment, economists, financial markets, regulators, and procurement
offices to identify manufacturing, agriculture, and service sectors of
the economy. In 1997, a new scheme was approved for use within the
United States. The North American Industrial Classification System
was developed with Canada and Mexico as a means of providing
an agreed-upon scheme for the collection, reporting, and analysis
of information about the economy by sector, both within and across
borders. Information about NAICS is available from the Web site of
the U.S. Census Bureau (see references for address).

The digital library can provide related information by using the
authority files for the coding schemes as a linked authority file. If a
company or economic sector mentioned in the digital library’s collec-
tion can be linked to an SIC or NAICS code, the code can be searched
against the official tables of definitions maintained by the U.S. Cen-
sus Bureau. These files provide definitions of the codes and place
each code in the classification scheme with other economic sectors.

The digital library’s content can be further enhanced by making
a link between the SIC and NAICS codes. If the digital library re-
source has the SIC code, it can be extracted and searched against the
Census Bureau's 1997 NAICS and 1987 SIC Correspondence Tables. The
table returns the corresponding code from the alternate scheme.

Linking to Descriptive Records

Linking the name of an entity, such as a personal name, organiza-
tion, or location, to additional information about that entity was one
of the first uses of hyperlinking. Knowledge organization systems
such as dictionaries, glossaries, and classification schemes can be

"
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used to link the entities in one resource to richer descriptions of that
entity in another resource. This is particularly helpful for users who
are new to a topic and in cases where the additional information can
make the user’s task more efficient.

The examples that follow are from three disciplines. The first
example links organism names to records that not only describe the
species more fully but also put it in the context of the overall clas-
sification scheme for living organisms. The second example links
chemical names to descriptive records and molecular structures. In
the third example, proper names are linked to the biographies for
the person.

Linking Organism Names to Taxonomic Records
Genus-species names are the Latin names for organisms—e.g.,
plants, animals, and microorganisms. Taxonomists, who study and
classify living organisms, create records for each of these organisms.
Generally, these records are linked relationally to the other organ-
isms in a hierarchy. Beyond the organism name and the information
that it and its placement in the hierarchy convey, taxonomic records
use other elements to describe the organism. These may include dis-
tribution patterns, the authority for naming and classification, and
the date the organism was identified. Scientists base the information
on specimens that are retained because they serve as the physical
evidence of the description. Natural history museums, private col-
lections, and individual scientists number, or code, the specimens

in their collections. Sometimes specimens are supported by photo-
graphs or line drawings, which may be digitized.

By using a taxonomic authority file as an intermediate authority
file, one can link a text or an image file containing a name or picture
of an organism to additional related information. By automatically
processing the text or embedding a link from the organism name in
the text or from the image to the taxonomic authority record, one can
extend the knowledge conveyed by the text. The text can include the
descriptive and historical information in the taxonomic record and,
ultimately, link to a photograph, a drawing, or appropriate video or
audio segments.

Because of the ambiguity in organism names, many examples
of this type are now created manually. However, depending on the
extent of the files involved, the ambiguity of the Latin and common
names for organisms can be overcome. An example of a taxonomic
intermediate file is the Integrated Taxonomic Information System
(ITIS). ITIS is a partnership of U.S., Canadian, and Mexican govern-
ment agencies, private organizations, and taxonomic specialists co-
operating to develop an online, scientifically credible list of biologi-
cal names of North American plants and animals. It is used by many
U.S. government agencies for consistent naming of plants and ani-
mals for regulatory and monitoring purposes. To link textual mate-
rial in a digital library to the ITIS record, the organism name can be
identified manually or automatically in the text and submitted as a
query to the ITIS database. When a match is found, ITIS presents the
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ITIS record, which provides essential information about the organ-
ism. The information includes synonymous names, including some
common names, and an indication of the placement of the organism
in the larger taxonomic classification scheme.

Linking Chemical Names to Molecular Structures

The unique identification for a chemical substance is not its name
but its molecular structure. However, chemical names are commonly
used in research documents, project plans, catalogs, and directories,
all of which may be resources in a digital library. There are compet-
ing systems of nomenclature (i.e., that of the Chemical Abstracts
Service [CAS] and of the International Union of Pure and Applied
Chemistry) as well as common and commercial synonyms.

The ambiguity is resolved by providing links between the
chemical names in the text and the molecular structure. This is done
through a chemical registry number or code that is connected to a
particular chemical name (using certain nomenclature standards)
and an authority record that provides additional information about
the chemical. This information includes the chemical’s synonyms
and some of its chemical and physical properties. Most important in
today’s research environment is the link from this authority file to
a chemical structure file. Structure files, used with the appropriate
software, graphically depict the molecular structure. This sophisti-
cated software allows for three-dimensional visualization, rotation,
and substitution of the chemical bonds.

An example of the use of the chemical registry number to link
chemical names with molecular structures can be seen in the work
of BIOSIS, the world’s largest not-for-profit producer of biological
and biomedical databases. In 1993, BIOSIS began processing its bib-
liographic citations (titles and keywords) to automatically identify
chemical names (Hodge, Nelson, and Vleduts-Stokolov 1989). BIOSIS
assigns CAS Registry Numbers (RNs) to the chemical names identi-
fied in this process. In the STN International online system, hosted
in the United States by CAS, a user of BIOSIS can select one or more
of the records resulting from a search and extract the RN. The ex-
tracted RN can be applied against the CAS Registry File, which con-
tains more than 21 million substances, including organics, inorgan-
ics, biosequences, metals, and alloys. The registry file record for the
chemical name, including the link to the synonyms for the chemical
name and the structure file itself, can then be accessed. With special
tools developed by CAS, the structure can be viewed and manipu-
lated. It can be imported into modeling tools that allow the chemist
to manipulate the structure and thereby envision new chemicals.
Alternatively, the user can start with any database that contains CAS
RNs and extract the resulting RNs to perform a search for comple-
mentary bibliographic records in the BIOSIS database.

Linking chemical names to structures using RNs on a large scale
is neither inexpensive nor easy. There are two approaches to identi-
fying chemical names in text. Some journal articles include the CAS
RN for the major chemicals discussed. In this case, an analysis of the
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text for the terms “RN,” “CAS RN,” and variations preceding numer-
ics can identify RNs that can be used as a link. Alternatively, a pro-
gram to identify chemical names in text, similar to that developed by
BIOSIS, could be devised. Developing the identification program, as
well as searching chemical databases, is costly; however, if the digi-
tal library has license agreements for chemistry databases, this type
of linkage may be possible. In addition, many organizations have
small chemical files of their own that may include RNs and other
information of particular relevance to the organization’s research. It
may be possible to link to these local databases using methods that
are more direct.

Linking Personal Names to Biographical Information

A common type of authority file is the personal name authority,
which controls variants of personal names. For example, the Library
of Congress Name Authority File (LCNAF) is used to control variant
personal names for authors, editors, artists, and others. The Union
List of Artist Names (ULAN), developed by the Getty Vocabulary
Program, is another example. Name authorities serve as tools for
catalogers and indexers. They ensure that the proper form of the
name, rather than an unapproved variant, is used and bring together
all works by or about the person.

A name authority file can also be used to link a bibliographic re-
cord or document containing the person’s name to a variety of other
related materials. If the digital library’s resource has a standardized
form of the name, it can be identified and searched against the au-
thority file to locate variants. The standardized and variant forms
can be joined in a search against a variety of other resources that can
provide related information.

For example, in the case of a digital library of images of artists’
works or biographical or critical text, a name authority file such as
the ULAN or the LCNAF can act as an intermediate file to provide
additional information. The file, which contains integrated variant
names, can be searched by the name appearing in the digital library
collection. When the record is found, the information about the artist
can be displayed, providing a wide range of contextual material for
the user. Citations to significant biographical or critical works about
the artist, some of which may also be available on the Web, may also
be provided in the name authority file.

The variant names from a name authority can also be used to lo-
cate and provide automatic links from the personal name in the text
to a biography, without requiring that the name be presented in the
same fashion in the two resources. One such resource that could be
linked to for biographical information is Gale’s Biography Resource,
which contains more than 142,000 biographies and related citations
from more than 1,000 periodicals.

However, to produce this kind of link, there must be a mecha-
nism for locating personal names in text. Several programs can do
this type of text analysis; among those that have been developed
commercially are NameFinder from the Carnegie Group and the
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Intelligent Agent from IBM. In addition, variant names can be ex-
tracted from the name authority itself, grouped, and run as a search
against the text to locate name occurrences.

Linking Entity Names to Physical Specimens

In some cases, it is possible to go another step and connect entity
names in the digital library resources to physical specimens. The
curation of physical specimens or artifacts is critical to the advance-
ment of many disciplines. Exhibition catalogs describe the art objects
in a particular exhibition. Museum catalogs provide inventories

of the art, natural history, or cultural objects held by a particular
museum. These catalogs, increasingly available as computerized da-
tabases, are knowledge organization systems that not only provide
descriptive records but also point to the location of the object in a
museumn, an archive, or another collection.

For example, in biology, a physical specimen is particularly im-
portant when it is the result of the discovery and description of a
new organism or of the reclassification of a known organism. A type
specimen is the example collected from the field by a taxonomist
to serve as the prime example for the description of the organism
and the validation of its taxonomic classification and naming. These
specimens are held by natural history collections, and their deposit
is required by the rules of various taxonomic societies.

As part of the curatorial activity, the collections assign identifica-
tion codes. While the primary use of identification codes has been to
organize the physical collections, numerous projects are under way
in the natural history community to digitize photographs of speci-
mens and create database records for the specimens, including their
identifiers, and thereby make them more readily accessible. The de-
gree of digitization varies from specialty to specialty. For example, in
botany, virtually all significant research herbaria are digitally cata-
loging their type collections instead of maintaining paper records.
Many are also making digital photographs of the type specimens
available over the Web.

The publication of identification codes in the journal literature
is also changing. Historically, identification codes have been pre-
sented in the “Materials Used” sections of journal articles. The level
of specificity of the identification code has varied, depending on the
biological discipline. For example, botanical journals tend to list only
the institution and the catalog, while vertebrate journals provide
the code to the specimen level. The current trend is to require lists
of specimens that are more detailed. As the lists become longer and
the printing costs increase, journal publishers are beginning to re-
quest links to independent Web sites maintained by the researchers
or their organizations that carry all the specimens used in the study
and provide some level of identification.

If the digital library collection contains resources that include
the identification codes, these codes can be extracted and matched
against the Web-based catalogs or databases. This link can provide
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users with location and contact information to allow them to access
the physical object mentioned in the digital library resource.

Curators or registrars of artistic, archaeological, and cultural
history collections also assign inventory or accession numbers to
items in their collections. Identification numbers may also be found
in scholarly catalogues raisonnés. Links similar to those described
for natural history can be made between text related to works of art
and the physical work in a particular collection. An article about a
work of art can be linked to additional information about the physi-
cal specimen by linking the identification number in the text with
an online catalog containing the number and additional information
about the work.

As museums digitize their collections to establish a presence on
the Web or to reduce the handling of the physical objects, KOSs that
can link the digital library resources to the physical object are being
developed. If there is a museum with a collection that complements
that of the digital library, it is worthwhile to discuss ways in which
the digital library and digital museum collections may “co-evolve.”

Summary

Digital libraries can use KOSs to link digital resources to other digi-
tal resources or, indirectly, to physical objects. A simple example

is the expansion of codes and acronyms. Descriptive records may
also be provided either directly from the KOS or indirectly by using
the KOS to capture a search key that can be used to access another
resource. This concept may be taken a step further by using a KOS,
such as a museum or exhibition catalog, to provide information
about the location of the physical object.
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Making Resources Accessible to Other Communities

Someone recently compared the Web with a large room filled with
books that were scattered all over the floor. The Web is the world’s
largest mass of bits and bytes. It is a meeting place that brings to-
gether disparate communities. The “Internet Commons,” as this
meeting place has been called, requires connections between and
among disparate communities in order for an “economy” to develop
(Weibel 1999). This economy will provide the framework within
which both commercial and noncommercial transactions can occur.
KOSs are one means of connecting these disparate communities.
Knowledge organization systems can be used to (1) provide alternate
subject access, (2) add modes of understanding to digital library re-
sources, (3) support multilingual access, and (4) supply terms for ex-
pansion of free-text searches in domains that are relatively unknown
to the user.

Providing Alternate Subject Access

Alternate subject access refers to the provision of one or more addition-

al subject orientations that make the resources of the digital library

accessible to different audiences. This approach is particularly valu-

able when the digital library resources appeal to groups that do not

share a common terminology. It can be a system of subject headings,

a classification scheme, or any other subject-oriented system. Alter-

nate subject access can be provided by

¢ indexing or classifying the resources using multiple schemes,

¢ retaining original schemes from organizations that contribute to
the digital library, or

¢ mapping between the primary scheme and an alternate scheme.

Indexing the Material with Multiple Schemes

The most direct method for providing alternate subject access to a
collection is by classifying or indexing the resources with multiple
schemes, but it may also be the most costly. This approach requires
redundant cataloging or catalogers who are knowledgeable in both
schemes. It may also require modifications to the cataloging tools
and procedures. However, if the cataloging is at a high level (re-
sources versus individual documents), or if the schemes are not dif-
ficult or detailed, it may be a reasonable approach.

17
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Retaining Alternate Indexing from Contributors

If the digital library is being built through contributions from a va-
riety of sources, the originating organization may have applied an
alternate scheme that could be used. For example, the NASA data-
base on aeronautics and astronautics receives relevant bibliographic
records from other U.S. agencies, such as the Department of Defense
and the Department of Energy. The controlled vocabulary terms as-
signed by the contributing organization are processed through a
machine-aided indexing process to create candidate indexing terms
from the NASA Thesaurus for review by NASA’s indexers. However,
the final records contain both the NASA Thesaurus terms and the con-
trolled vocabulary terms from the contributing organization, with the
alternate indexing terms retained in a separate data element in the
bibliographic record. The terms collected from other organizations
can be viewed as an alternate access point, so that at least part of the
collection is accessible through another discipline’s terminology.

Mapping Multiple Schemes

The third method for providing alternate subject access is the most
indirect, that of mapping one or more schemes. Several examples of
this approach can be found among A&l services. Both BIOSIS, the
world’s largest private sector A&l service in the life sciences, and the
NLM apply MeSH to BIOSIS documents. The records that BIOSIS
contributes to NLM’s TOXLINE database are processed automati-
cally to have appropriate MeSH terms added. This is based on a
mapping of the natural language terms that occur in the toxicology
literature and BIOSIS’ normalized natural language keyword index-
ing with the MeSH terminology. In the new BIOSIS relational index-
ing structure, BIOSIS builds and maintains authority files that con-
nect natural language disease names to the MeSH-controlled disease
terms. When the BIOSIS indexer assigns the free text keyword for
the disease name, the appropriate MeSH term is also added to the
record as an alternate access point (BIOSIS 1999). The assignment is
based on the development over time of a mapping between the ter-
minology used by BIOSIS and the MeSH-controlled terms.

In addition to providing alternate access points to BIOSIS prod-
ucts, the inclusion of the MeSH terms makes it possible to perform
cross database searching on the indexing field with MEDLINE and
other databases that include MeSH terms. From 1999 forward, users
can search BIOSIS databases using MeSH disease terms. The disease
terms can be extracted from the MeSH authority file or from a MED-
LINE record and then used in a search against the BIOSIS files, or
vice versa. This helps users find relevant records that are unique to
either BIOSIS or MEDLINE. The inclusion of terms from an alternate
KOS, such as MeSH, therefore supports the use of BIOSIS by medical
librarians and practitioners who are familiar with MeSH terminology.

A more extensive example of mapping variant schemes is the
metathesaurus developed by the NLM’s Unified Medical Language
System (UMLS). This system has linked more than 40 separate KOSs
from various medical specialties. They range from MeSH to coding
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and classification schemes used by insurance companies and physi-
cians to describe treatments and diseases on patient records. The
UMLS is licensed by many other organizations for inclusion in appli-
cations that can bridge various health care communities.

How can digital libraries use alternate indexing? While many
digital libraries do not have the A&I resources of large database pro-
ducers such as NLM and BIOSIS, the concept of applying alternate
indexing can be scaled to fit. While the systems described deal with
item-level bibliographic records, alternate indexing can be applied
at several levels. Alternate subject access can be applied only at the
resource level, for the database, electronic book, electronic journal,
or image collection, so that other communities can identify resources
of interest that must then by searched or browsed individually. This
concept is conducive to use with portals that provide access to the
same resources with different views for different audiences. Alterna-
tively, if the digital library has bibliographic records or metadata re-
cords at a very detailed level, it may be possible to develop switching
programs that will translate concepts from the original organization
of the digital library or resource to that of the alternate scheme.

Adding New Modes of Understanding to
the Digital Library

People perceive the world through many modes, including textual
and graphical. Some people comprehend information more easily in
one mode than another. Most people benefit from a variety of modes
that reinforce one another or that can be used when appropriate to
the context. Many digital library projects remain text-based; how-
ever, this text-only dimension is changing as digital libraries become
oriented more to multimedia and as other modes of information pre-
sentation become viable on the Internet.

KOSs can be used to bring new dimensions to an information
resource or a collection in a digital library. In the digital library en-
vironment, these dimensions can be viewed as layers that can be
added on top of one or more objects. Various tools and services can
be developed that are geared to a particular mode. For example, the
results of a text search can be presented in graphical or visual form,
based on the number of occurrences of a term or concept or on the
occurrences of documents from a particular country, journal title, or
author.

A more complex dimension that can be added is the geospatial
dimension, which emphasizes access by place. A “geolibrary” is
defined as a digital library consisting of “geoinformation,” or mate-
rial that can be accessed by place (National Research Council 1999).
This so-called georeferencing can be either direct (by a geospatial
footprint, a series of latitudes and longitudes for the location) or in-
direct (by a textual place name). Georeferencing of textual objects is
facilitated by a gazetteer, which brings together the place name and
the spatial footprint for its location.2 Many gazetteers also include
feature types for each footprint. The vocabulary used for the feature
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types varies among gazetteers, but may include terms such as “air-
port,” “harbor,” and “railroad station.”

Although many organizations, including federal and state agen-
cies, are currently required to provide geospatial referencing as part
of the National Spatial Data Infrastructure Program, the geospatial
referencing is not readily available for older works. How can the data
sets of today be integrated with the textual information of yesterday?
The answer is by adding geospatial referencing to the text resource.
Geospatial referencing requires that the text name for a place have
an associated spatial footprint. This can be achieved by using a geo-
referenced, digital gazetteer that provides geospatial footprints for
place names.

Through this type of knowledge organization system, place
names in a library catalog or bibliographic database can have foot-
prints assigned (Blair 1999; Tahirkheli 1999). If one or more of the
library’s resources have latitude or longitude coordinates in the cata-
log record or in the full text but no place name, the coordinates can
be extracted and submitted to the gazetteer service. The service will
return the place name for the footprint. Alternatively, the resource
may have a textual place name. This place name can be extracted
and searched against the gazetteer, and the footprint can be pro-
vided to a mapping application. The latter search may result in more
than one footprint, since place names may be ambiguous. Therefore,
it is important that the user interface be designed to allow the user to
distinguish the locations. Once the footprint has been determined, a
user can access the text resource through a geographic mapping tool.
Alternatively, a user of the text resource can find a set of results and
have the place names displayed as footprints on a map.

In disciplines such as ecology, environmental science, and even
public health and epidemiology, it would be beneficial to build a
digital library with access to such a digital gazetteer service. Us-
ers could then access the system through the text mode or the geo-

2. A recent National Science Foundation-sponsored workshop, “Digital
Gazetteer Information Exchange,” addressed the issues of digital gazetteers.
One of the critical issues is that there is no standard for the interchange of
information, either to provide gazetteer information physically to another
gazetteer or to interoperate with one or more distributed gazetteers through the
Internet. The workshop participants emphasized the need for such protocols
and for enhancements to current gazetteers. (Many gazetteers do not include
coordinates or are incomplete in this regard.) The goal is to develop a digital
gazetteer service that can be accessed by any application.

Such a service is central to the vision of a geolibrary. A report on distrib-
uted geolibraries from the National Research Council (1999) envisions the ge-
olibrary as a physical globe. One would walk into such a geolibrary and be con-
fronted not by a card catalog or an OPAC terminal but by a large physical globe.
The user would indicate his or her area of interest by pointing to a place on the
globe. The librarian would use the geospatial location information to retrieve
and present materials related to that place. By comparing feature types, the user
could ask for other place names and locations that were similar to the original.

Significant work into digital gazetteer services and geospatial libraries
has been conducted by the Alexandria Digital Library (ADL) Project at the Uni-
versity of California at Santa Barbara, with support from the National Science
Foundation’s Digital Library Initiative-1 (Hill and Zheng 1999). An ADL Gazet-
teer was created by merging place name authority files from the National Image
Mapping Agency and the U.S. Board on Geographic Names of the U.S. Geologi-
cal Survey. The project also added controlled feature types to the gazetteer.
With the aid of a visualization tool, the information can be provided on a map
and accessed using other geographic visualization tools.
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graphic mode, depending on their comfort level and the type of
information needed. Presenting the results on a map allows users to
make new associations and analyze the results more easily. Through
a geospatial KOS, they can see connections between disparate data,
because the data are presented in an alternate mode.

Providing Multilingual Access

A third way that KOSs can support the use of digital libraries by
disparate communities is to provide multilingual access. A variety
of sources, including multilingual dictionaries and multilingual the-
sauri, can support this type of access.

One of the most extensive multilingual thesaurus efforts is
the Generalized Multilingual Environmental Thesaurus (GEMET)
from the European Environment Agency (EEA), produced by Italy’s
research council, the Consiglio Nazionale delle Ricerche (CNR).

The GEMET is available in 12 languages, and plans for a global en-
vironmental thesaurus in many more languages were recently an-
nounced. GEMET is available by agreement with the EEA.

The European Topic Centre on Catalogue of Data Sources in Ger-
many is developing a system that will link data sources and meta-
data information in a virtual library. GEMET will be used to convert
a search in one language into searches for the same concepts in other
languages. Users will retrieve documents not only in their native
language but also in other languages. This will allow data systems
from throughout the EEA and beyond to be accessed as a virtual
library collection with both controlled vocabulary and free-text term
searching in multiple languages.

Expanding Free-Text Search Terms

Free-text searching is the main method of searching on the Web.
Only a small percentage of Web resources have metadata, and
an even smaller percentage have controlled vocabulary assigned.
However, variations in natural language make free-text searching
problematic. Even a knowledgeable user may not know all the termi-
nology (synonyms or related terms) that can be used in the literature
to express a concept. The problem is exacerbated when the user is
unfamiliar with the topic or is interested in an interdisciplinary area.
How can the user expand his or her search to overcome these ter-
minology differences? One possibility is to use KOSs as aids to the
selection of free-text keywords.

The Getty Vocabulary Project emphasizes support for search-
ing as a significant application of its vocabularies. Harpring (1999)
reports that the vocabularies are increasingly being used in search
engines to look for different terms that refer to the same concept.
The Getty vocabularies (the Art and Architecture Thesaurus, the
Union List of Artists Names, and the Thesaurus of Geographic
Names) are particularly rich in equivalence relationships. “When
these equivalence relationships are exploited in search engines, there
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are typically two possible scenarios: the user may be allowed to first
query the vocabulary database, locating appropriate terms, and then
applying those chosen terms in a query across target databases; or
there may be little or no user interaction with the vocabulary, when
the vocabularies are used behind the scenes [to expand the search]
...” (Harpring 1999). Getty developed a prototype called a.k.a. to
experiment with the use of equivalence terms to broaden or narrow
searches across databases on the Web.

In addition to expanding routine search queries, KOSs can be
used in Web mining tools. Northern Light has developed a Web
mining tool that reportedly returns a high degree of relevant hits.
The KOS that supports the Northern Light site was built by ingest-
ing large existing vocabularies and thesauri. The result was then
organized under an extensive classification scheme developed by
Northern Light. The terms can be used to extend a user’s search or
to distinguish between multiple meanings of the terms supplied by
the user. The results of a search are organized into “folders” based
on the classification scheme. These high-level categories, represented
by the folders, help distinguish multiple meanings of the same term.
For example, an ambiguous word such as “pitcher” might result in
two folders being presented to the user. One folder would be titled
“Sports” (as in baseball pitcher), the second “Decorative Arts” (as in
water pitcher). The user who chooses only the Sports folder will be
presented with only those Web resources that use “pitcher” in the
baseball sense. The user who selects the folder called “Decorative
Arts” will be presented only with those resources that are related to
water pitchers.

KOSs can be very powerful in supporting free-text searching
within digital libraries and in integrating Web resources into exist-
ing digital libraries. However, these systems must be used with
caution. KOSs have generally been developed for a specific disci-
pline, task, or function, or for the indexing of a specific collection or
database. Therefore, depending on the domain in which the KOS is
being used and the complexity of the system, it may or may not sug-
gest relevant free-text terms. Expanding a search with related terms,
rather than pure synonyms, may return hits that are only peripher-
ally relevant to the user.

Summary

One of the benefits of the Internet, the Web, and digital libraries

is the degree to which resources can be made available to broader
audiences. The technology facilitates the connection of disparate
knowledge communities at the network level. However, discovery

of the resources and true accessibility require that the content and
its organization be understood by these disparate communities. By
providing alternate subject access, adding modes of understanding,
supporting multilingual access, and supplying terms for expanding
free-text searching, KOSs can facilitate discovery and understanding
by disparate communities, and allow these communities to interact in
new ways.
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Planning and iImplementing Knowledge Organization
Systems in Digital Libraries

This section provides general guidelines that may be useful for an
organization that wants to use knowledge organization systems to
organize a digital library. The framework described is applicable for
KOSs of any type or subject.

Planning Knowledge Organization Systems

Analyzing User Needs

Of primary importance to any digital library project is an analysis of
its users’ needs, in terms of content and functionality. Many volumes
have already been written about needs assessment, and providing
detailed guidance on this subject is beyond the scope of this paper.
However, when analyzing how a KOS might be used with a particu-
lar digital library, it is essential to thoroughly understand the envi-
ronment of the user. One must look not only at the needs for orga-
nizing the digital library materials but also at possible links between
content within and outside the digital library walls. This is particu-
larly important for KOSs that are acting as intermediate authority
files, because in such cases the links may not be readily apparent. It
is important to consider other views that might be valuable for us-
ers and peripheral communities that might benefit from the digital
library’s content were it accessible to them through a KOS.

Locating Knowledge Organization Systems
Once the user’s needs have been analyzed, it is necessary to locate
KOSs to meet the need. While an alternate system can be built lo-
cally, it is preferable to find an existing KOS for several reasons. First,
it is costly and time-consuming to build a KOS. Second, KOSs often
benefit by having been built over time. Many of the systems de-
scribed in this report have been built over decades; some existed in
paper before digitization. The value of a KOS comes from its accep-
tance by the user community; sources built by noted authorities such
as learned societies, trade associations, or standards groups will be
viewed as more trustworthy than those built internally. Finally, the
networked environment has resulted in both an explosion of pri-
mary materials, including documents, electronic journals, and Web-
based databases, and in an equivalent explosion of KOSs on the Web.
There are several ways to identify KOSs that may be of inter-
est. Many users are already aware of KOSs on the Web within their
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discipline. Developers may also turn to directories, librarians in the
field, and reference sources, or they may perform a general search of
the Internet.

Planning the Infrastructure

It is necessary to make decisions about the architecture of the KOS in
the context of the digital library setting. The physical location of the
KOS is important. Will the system be held externally or internally?
There are pros and cons to either approach.

If the system is available on the Web, it is possible to consider
linking to the KOS as an external system. This architecture requires
a script or some search query to locate the resource. One must then
launch a query against the resource to obtain the piece of informa-
tion that will serve as the key between the two files. This key could
be a universal resource locator (URL) or input to another search
query. A query may be necessary if the KOS is stored in a database.
The script may transfer log-on information (including user ID and
password) from the digital library system to the external KOS, in
order to provide access to the Web-enabled database. In the case of a
more direct link, the access may be by URL.

However, the use of a URL as the link has the same problem
with persistence as does direct access via a URL from a browser. The
organization may move the KOS, thereby changing the URL that is
being used as the key. It is important to determine how often the
URLs in the KOS change, whether there is a means of notification of
these changes, and whether it is possible to consider an alternative
that would be more persistent. Schemes such as the Digital Object
Identifier and the Persistent URL have been devised to enable re-
sources to be physically moved among servers without having their
names changed. Another alternative is the use of other Uniform
Resource Identification (URI) schemes and the Uniform Resource
Name (URN), which can be sent from the newer Web browsers. The
benefit of linking to a remote resource is that the resource will al-
ways be up-to-date. The maintenance of the KOS is in the hands of
the owner, not the digital librarian. It may also be more apparent to
users that the KOS is not owned by the digital library.

Linking to a remote KOS also has disadvantages. Persistence and
unexpected changes in the organization and content of the system
may cause problems. The software or telecommunications route be-
tween the digital library server and the KOS may be unreliable. In
systems requiring fast response time or large amounts of data trans-
fer, and, therefore, high bandwidth (such as full-motion video or
detailed graphics), the fact that a connection must be made between
the digital library and the external KOS may make the system unac-
ceptable to the user.

Alternatively, the KOS may be obtained from the owner and
loaded locally. In many cases, this requires licensing that may not
be required when the KOS is accessed remotely, because a copy of
the whole resource is being provided to the digital library. Loading
a KOS locally also requires that one consider issues such as mainte-
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nance, local system administration, and disk storage. If the KOS uses
special software, such as a database management system, loading
the KOS locally will require a copy of that software, which may re-
quire additional purchase or licensing. Other considerations are the
need for firewalls and interface design. On the positive side, the KOS
is under more local control. Therefore, it may be possible to improve
the response time by not accessing the KOS over the Internet. If the
KOS is to be used behind the scenes (that is, the system is not visible
to the user), concerns of speed and integration become more impor-
tant. If additional modifications (including digitization) need to be
made to the KOS to integrate it with the digital library, it will also be
necessary to load the KOS locally.

If the digital library intends to incorporate numerous secondary
KOSs, it is important to consider the degree to which the architecture
is scaleable. The National Library of Medicine’s UMLS incorporates
more than 40 different sources. While its main purpose has been
to develop a metathesaurus for moving among these vocabularies,
the management of the systems, regardless of the mapping issues,
has been a major consideration. Ingest has been a major concern,
with the need to develop a system that can handle a variety of input
formats—from ASCII text files to highly structured database output.
The architecture must also accommodate the character sets of the in-
coming sources. This is particularly important if a mark-up language
has been used to represent special characters and diacritical marks.
Systems that have been developed in Unicode, which extends ASCII
to accommodate diacritical marks and non-Roman character sets,
cannot be handled by systems that deal only with ASCII or extended
ASCII sets.

Since many digital library systems are being built as extensions
or applications of existing integrated library systems (ILS), it is im-
portant to consider how the KOSs will integrate with the library sys-
tem. Unfortunately, many ILS vendors have not considered links to
external files or databases in their system designs. In some cases, the
vendor may require that the information be stored in the proprietary
format of the ILS. The system may require that the files be on the
same directory or server as the accessing ILS. The fields that can be
linked to the Web or searched may be limited. Outside communica-
tions may require Z39.50 client-server connections. With relatively
closed systems, ILSs may be a difficult environment in which to
implement alternative and nontraditional KOSs.

Digital libraries that are interested in using KOSs should con-
sider this integration when developing requirements for the procure-
ment of a system to support them. Vendors should be encouraged to
support relatively open architectures and to consider the extension
of traditional library systems to support broader digital library func-
tionality.

In addition to these immediate concerns, it is important to con-
sider the incorporation of future KOSs. Initial success may spur the
desire for integration of additional KOSs or enhanced functionality
for the existing KOS. Success may breed additional requirements
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and increase the strain on hardware, software, and network architec-
tures.

Maintaining the Knowledge Organization System

For a digital library, an outdated KOS can be more of a hindrance
than a benefit. Maintenance, both of content and of the system,
should be considered when planning a KOS. This is particularly
important if the digital library is to be self-supporting or revenue
generating.

Version control of the KOS is extremely important. Reloading a
new version from the system provider is one way to accommodate
changes; however, this may not be acceptable if the locally held ver-
sion differs substantially from that held by the system’s provider. If
there has been significant transformation or processing of the origi-
nal KOS, it may be difficult, or impossible, to reload the original and
recreate the changes that have been made.

A transaction-based approach, whereby only changes are trans-
ferred between the KOS provider and the library, is also possible;
however, this requires that the system provider have the infrastruc-
ture, both machine and human, to produce these transactions. It also
requires that the changes to the original KOS be identifiable in order
to create change transactions. For example, Stuart Nelson of the
NLM'’s UMLS Project recently reported that many systems can create
annual transaction records to inform the UMLS about the changes
that have occurred to the original system. However, the changes are
often not indicated with enough detail to support automatic change
transactions in the UMLS. If a change date, for example, is recorded
only at the level of the concept record, it is impossible to tell whether
the term has changed (a correction of a typographic error for exam-
ple) or if the relationship between this concept and another concept
has changed. Since the UMLS splits the incoming terminology and
its relationships into a variety of files, it is often difficult to tell how
the UMLS files must be change based on the changes made during
the maintenance of the original KOS (NISO 1999).

Presenting the Knowledge Organization System

to the User

In addition to deciding which KOS should be used and what func-
tions it should serve, the digital library will need to determine how
to present the KOS to its users. A KOS may be exposed to the user or
made relatively transparent.

The KOS can be exposed to the user in different ways. Material
can be grouped into KOS-related themes or categories on the digital
library’s Web site. The KOS may be used at a higher level to identify
specific portals for different uses or users. If the content of the digi-
tal library includes metadata records, the KOS may be displayed as
index terms on the records or in its entirety as a navigation aid to
searching.

In other cases, the KOS may be transparent. For example, a the-
saurus can be used behind the scenes to extend the user’s search to
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include synonyms, to connect the digital library’s resources to other
information and resources, or to filter or rank the information ob-
tained.

Implementing Knowledge Organization Systems

Acquisition and Intellectual Property Issues
It is critical to properly handle the acquisition of knowledge organi-
zation systems. The first question is whether the KOS is under copy-
right. If so, the copyright holder should be contacted concerning the
KOS. It is important to ensure that the apparent contact is the official
one. Many references have been reprinted or put on the Web without
proper acknowledgment of the real owner.

Once the contact has been made, there are several points for dis-
cussion:

¢ If the provider maintains the KOS, how will the digital library
find out about any changes that may be made in it? Is there a no-
tification mechanism in place? How frequently must the informa-
tion be updated to be of benefit to the digital library’s users? Will
the maintenance be self-evident, or must the agreement include
notification requirements? What will the owner do if the mainte-
nance can no longer be performed?

¢ What will happen if the provider discontinues the product or sells
or transfers it to someone else?

e What uses can the digital library make of the KOS under the pro-
posed agreement? As with other licensing, it is advisable to aim
for the broadest permissions and the longest term possible. At a
minimum, the library should be able to renegotiate the terms of
the agreement relatively easily.

¢ In a networked environment, it is beneficial to develop mecha-
nisms for linking to online versions rather than to maintain a
local copy of the resource. This ensures that what is presented is
up-to-date, and acknowledges more clearly the ownership of the
KOS. However, there are numerous factors to consider. Will the
KOS be used on an intranet or behind a firewall, where access to
the outside or information coming into the organization might be
prohibited? Does the KOS service use “cookies” or require knowl-
edge of the user’s Internet provider address? Does it require a
user ID and password?

e If the KOS is to be accessed remotely, are there service issues?
Is it likely to be accessed with bandwidth, model, and computer
speeds that are adequate for outside connections of this type? Is
the use of such a critical nature that unreliable service on the part
of the KOS or the Internet connection will cause the digital library
itself to be viewed as less useful? Does the KOS require a special-
ized search engine or search query formulation? Can the digital
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library system properly display the results, or would the results
be better displayed through the KOS system? Will the resulting
information be used in its native form or must it be extracted or
transformed? If the KOS is to be loaded locally, in what formats
can the content be received?

¢ If the KOS is not available electronically, can it be digitized? Is the
owner interested in a cooperative venture, and are the human and
financial resources for such an effort available?

Making the Link

There are two parts to establishing the link between the digital li-
brary and the KOS. The first is locating the key anchor information
in the digital library’s resource. The second involves the look up
against the target file. The creation of this link may be more or less
automatic, depending on the particular situation. The characteriza-
tion of this activity is meant to be general and to allow both “on-the-
fly” links and embedded links.

Regardless of what function the KOS is going to serve in the dig-
ital library, the essential information contained in the digital library
resource from which the link is to be made must be identified. The
mechanism for doing this depends on the type of object from which
the link is being made and on the information that is expected to be
identified in the digital library’s resource.

The first step is to review any metadata related to the digital
library resource. Do the metadata carry the term (such as SIC code,
artist’s name, place name, geographic coordinates) that is needed to
make the link? If this information is included, the level at which the
metadata are assigned should be reviewed. If the metadata indicate
the subject matter of the specific resource in which the user will be
interested, the metadata can be used to make the links. However, in
some cases, the terms that appear in the title or description at the re-
source level (e.g., the book) may not be indicative of the subject at the
individual item level (e.g. the chapter). Automatically making a link
on the basis of the content description for an entire book may mis-
represent the content of a chapter. Whether or not the metadata can
be used will depend on the amount and type of information given in
the metadata and the level at which the metadata are assigned.

If a text resource in the digital library provides no appropriate
metadata, the procedure for identifying the key information may
involve text analysis. A program to perform simple string search-
ing or a search engine that can preserve hit locations can be used if
the text string has distinguishing characteristics, such as a database
acronym, or a specific structure, such as a latitude and longitude
coordinate. If the text string has no such cues, text mining or more
complex text-analysis tools may be necessary. These tools use a va-
riety of semantic and syntactic algorithms to locate key information.
There have been significant advances in commercially available text-
mining tools, such as IBM’s Intelligent Agent, which includes specific
algorithms for identification of names of places and persons.
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The second step of the linking activity is to make the connec-
tion to the KOS. The methods for doing this vary, depending on
whether the system is being loaded locally or is referenced remotely.
If the system is loaded locally, it is possible to perform a significant
amount of processing to match the two files, assuming that comput-
er resources of this type are available to the digital library organiza-
tion. If the system is only available remotely over the Web, the inter-
action will require knowledge of scripting and various Web-based
access techniques. Scripting should be considered in both local and
remote approaches, since the more integrated the linking is with the
resource, the more maintenance may be required if there are chang-
es in either the resource or the KOS. Regardless of the approach that
is taken, making the link requires an analysis of both the informa-
tion in the original digital library material and the corresponding
information in the KOS.

If the KOS is being used as an intermediate file to bridge be-
tween the digital library’s resource and another resource, it is also
important to understand the data and the process whereby the
search is performed and information returned from the target re-
source. If the KOS must return a value to the original digital library
resource, the data and process must be evaluated in a bidirectional
sense.

Choosing the linking mechanism is equally important. The link
may be fixed or “on-the-fly.” In the case of a fixed link, a specific URL
is embedded at the link point in the digital library material. How-
ever, as stated before, problems of persistence are inherent in this
approach. Alternatively, a URN can be used. The URN requires the
creation of a namespace on the point of the target file, and the search
is to this namespace rather than to a specific URL. Persistent loca-
tors (PURLs) and digital object identifiers (DOIs) can also solve this
problem. These schemes are sufficient if the material is an HTML
document.

Content in databases is more difficult to retrieve. The National
Library of Medicine now supports the searching of a variety of its
databases through its Internet Grateful Med (IGM) URL function.
IGM users can create URLs that will actually perform searches
against the databases. For example, the following script would per-
form a search for “pneumonia” in the HealthSTAR file: http://igm-
02.nlm.nih.gov/cgi-bin/IGM_robot.pl?datafile=HealthSTAR&search
=Subject=pneumonia.

Information on the syntax for creating such a URL is provided
on the NLM Web site. While the intent is that the search URL will
be bookmarked by an individual user, the same concept can be used
for creating an active link at the anchor point for the link. With addi-
tional scripting, the creation of the term pneumonia can be automati-
cally replaced with an active link that picks up the term where the
link has been made.
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Summary

The framework for developing an infrastructure to support the use
of KOSs in digital libraries requires an analysis of user needs, the
identification and location of the appropriate KOSs, and the develop-
ment of the hardware, software, and network architecture to support
its integration and maintenance. The digital librarian must make de-
cisions concerning the degree to which they will be presented to the
user, acquisition and intellectual property issues, and maintenance
and update procedures. There are several technical ways to make the
link between the digital library and the KOS. As knowledge organi-
zation systems are increasingly available on the Web, requirements
are beginning to be defined to improve the interoperability and gen-
eral use of these resources through the development of knowledge
organization services on the Web.
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The Future of Knowledge Organization Systems on the Web

As online databases moved to the Web, they began to provide their
products, including vocabulary aids, in this environment. Portable
document format (PDF) versions of printed vocabulary aids are com-
mon, since PDF can be easily produced from a Postscript file and it
retains the look of the printed product. With Adobe’s tools for index-
ing and searching, the PDF file can provide some level of support for
linking. Many of these aids, however, remain in the form of HTML
files only—there is no database structure to easily support the link-
ing and searching. In some cases, the full structure of the KOS is not
made available on the Web; the only format for a Web-based thesau-
rus may be an alphabetical list of terms that does not enable the user
to navigate easily the hierarchical structure. As unique ways of us-
ing these resources are developed, it is hoped that more KOS provid-
ers will be encouraged to provide their systems in formats that are
conducive to such networked uses.

Some of the requirements for such electronic KOSs were iden-
tified at a workshop entitled “Electronic Thesauri: Planning for a
Standard” and sponsored by NISO (1999). While the focus of this
meeting was digital thesauri, consideration was also given to other
KOSs in digital form. The identified requirements include persistent
identification at the concept level, the need for a simple protocol for
the distributed querying and response from a KOS, and the develop-
ment of a standard set of metadata attributes for describing a remote
KOS.

To facilitate the search and display of information from a previ-
ously unknown KOS, the system must have unique and persistent
identifiers for each of the concepts in the system. For example, the
California Environmental Resources Evaluation System (of the Cali-
fornia Natural Resources Agency) and the U.S. Geological Survey
have developed a system for remote querying and response (CERES
1999). It requires that each concept in the thesaurus have a unique
identifier. In the case of the previously described ITIS, which is ac-
cessed remotely by the CERES system, the ITIS record number is
used as the identifier. Other unique identifiers could include the
DO, or a classification notation that has been made unique by ap-
pending the scheme name or the URL to the notation.

The second requirement is a protocol for the distributed query-
ing and response of KOSs. This is particularly critical for highly
structured systems such as thesauri, semantic networks, and ontolo-
gies. Work has been done in this area within the Z39.50 community.
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(£39.50 is the NISO standard for searching distributed bibliographic
databases.) A profile has been proposed by the Zthes Working Group
to tailor the Z39.50 protocol to operate on thesauri that follow the
739.19 standard.

A similar effort is under way at the CERES Project. Instead of
a Z39.50-based protocol, CERES has developed a structure that is
based on the Resource Description Framework (RDF) and the HTTP
protocol of standard browsers. The RDF’s concept of containers is a
natural for managing the hierarchical structure of complex systems
such as thesauri. The structure proposed by CERES is likely to be
encoded using XML, a mark-up format that lends itself to structured
information. This protocol for linking distributed vocabularies will
support both searching and cataloging. The user will be presented
with remote vocabularies that can be displayed and navigated by a
local client.

The third major finding from the NISO workshop was the need
for a metadata content standard for the description of KOSs. Such a
standard is key to provision of knowledge organization services over
the Internet. The metadata identify the Web resource as a KOS and
provide important information to allow an application to use it re-
motely without prior knowledge of its content or structure.

A draft set of attributes for describing KOSs available in a net-
worked environment has been developed by a task group of the
Network Knowledge Organization Systems (NKOS) Working Group,
an ad hoc group of terminology experts from organizations that are
interested in issues related to the use and interoperability of KOSs
over the Internet. The draft attributes are based on work originally
done by Linda Hill (Alexandria Digital Library at the University of
California at Santa Barbara) and Michael Raugh (Interconnect Tech-
nologies).

The attributes describe the KOS so that content from the system
can be transferred over the Internet and handled by a remote brows-
er or client application. The attributes include the depth of hierarchy,
the types of relationships included, the subject (described by free
text or by a declared classification scheme), storage format, copyright
and rights management, and contact information. To facilitate the
transfer of information, the attribute set also includes information on
character set and file size. To facilitate the acquisition and licensing
of the KOSs, the draft content description includes point of contact
information.

During discussions about the metadata content standard, work-
shop attendees identified three methods for storing the metadata for
a KOS. First, the metadata could be stored with the KOS, as metadata
elements for that resource. Second, the metadata could be stored in a
physically separate knowledge organization registry. The third pos-
sibility is a hybrid approach, where a minimal set of metadata ele-
ments is contained in a central registry (i.e., sufficient information to
identify the resource, where it is located, and how more information
can be obtained). The more detailed information would be stored
with the KOS itself.
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There is significant interest in the use of KOSs to organize and
search material on the Internet. It is hoped that this interest will re-
sult in knowledge organization services that will make these sources
more readily accessible to a variety of software applications and to a
variety of users. As services and enabled software proliferate, it will
be easier to integrate these KOSs into digital libraries.
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Conclusion: Enhancing Digital Libraries with
Knowledge Organization Systems

Given that the digital library field is still quite new, it seems strange
to be talking already about enhancing digital libraries. However, in
this fast-moving environment, the initial digital libraries resulting
from digitization projects, or even virtual collections, are being en-
hanced as user expectations and technology capabilities allow. In the
midst of this furious activity, it is valuable to analyze users’ needs
and interests and then to identify KOSs that can be used to enhance
the digital library.

Knowledge organization systems refer to a range of traditional
and nontraditional systems for the organization of knowledge. The
systems have been developed in numerous environments outside
the traditional library environment, including those of A&l services,
publishers and professional organizations, and corporations. Exam-
ples exist in many disciplines and for many target audiences.

Knowledge organization systems can enhance the digital library
in a number of ways. They can be used to connect a digital library
resource to a related resource. The related information may reside
within the KOS itself or the KOS may be used as an intermediary file
to retrieve the key needed to access it in another resource. A KOS can
make digital library materials accessible to disparate communities.
This may be done by providing alternate subject access, by adding
access by different modes, by providing multilingual access, and by
using the KOS to support free text searching.

A well-planned infrastructure for KOSs is required. This in-
cludes the resources, processes, and policies for analyzing user
needs; locating KOSs to answer these needs; and acquiring, imple-
menting, and maintaining the KOS.

Traditional and nontraditional KOSs provide an opportunity to
extend the boundaries of the digital library. By going beyond the ini-
tial organization of the digital library, digital librarians can use the
network environment to provide additional value to its users.
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