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Understanding Metadata
and Metadata Schemes

Jane Greenberg

SUMMARY. Although the development and implementation of meta-
data schemes over the last decade has been extensive, research examin-
ing the sum of these activities is limited. This limitation is likely due to
the massive scope of the topic. A framework is needed to study the full
extent of, and functionalities supported by, metadata schemes. Metadata
schemes developed for information resources are analyzed. To begin, the
author presents a review of the definition of metadata, metadata functions,
and several metadata typologies. Next, a conceptualization for metadata
schemes is presented. The emphasis is on semantic container-like meta-
data schemes (data structures). The last part of this paper introduces the
MODAL (Metadata Objectives and principles, Domains, and Architectural
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Layout) framework as an approach for studying metadata schemes. The pa-
per concludes with a brief discussion on the value of frameworks for exam-
ining metadata schemes, including different types of metadata schemes.
[Article copies available for a fee from The Haworth Document Delivery Ser-
vice: 1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com>
Website: <http://www.HaworthPress.com> © 2005 by The Haworth Press, Inc.
All rights reserved.]
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INTRODUCTION

Digital repositories have grown at an explosive rate over the last de-
cade due to new information technologies, particularly those supporting
World Wide Web (Web) applications. This growth has led to a tremen-
dous increase in the need for data management, an intense interest in
metadata in a wide range of communities (e.g., education, government,
scientific, business, etc.), and extensive development of metadata
schemes. There are hundreds of metadata schemes being used, many
of which are in their second, third, or nth iteration. Many specifica-
tions developed for information resources have been endorsed by
standards bodies. For example, the Dublin Core Metadata Element
Set, Version 1.1 (2003) (hereafter referred to as the Dublin Core) has
been formally endorsed as a standard by Committeé Européen De
Normalisation (CEN) as CEN Workshop Agreement (CWA) 13874
(http://www.cenorm.be/cenorm/businessdomains/businessdomains/
informationsocietystandardizationsystem/published+cwas/13874.pdf),
the National Information Standards Organization (NISO) as NISO
Z39.85-2001 (http://www.niso.org/standards/resources/Z39-85.pdf), and
most recently the International Standards Organization (ISO) as ISO
15836-2003 (http://www.niso.org/international/SC4/n515.pdf).

An official list of all available metadata schemes does not exist, not
even one specific to information resources, although a number of
metadata registries are becoming fairly extensive. The CORES registry
(http://www.cores-eu.net/registry/) is a good example, currently listing
40 metadata schemes, and supporting searching and browsing by meta-
data scheme developer, maintenance agency, element sets, elements,
encoding schemes, application profiles, and element usages. Addition-
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ally, Web resources, such as the IFLA DIGITAL LIBRARIES: Meta-
data Resources Web page (http://www.ifla.org/II/metadata.htm) and
the UKOLN Metadata Web site (http://www.ukoln.ac.uk/metadata/),
provide ample information about metadata schemes by referencing and
linking to papers, presentations, electronic listservs and newsgroups,
and metadata specifications. These resources are useful for studying the
population of metadata schemes, although it is difficult to study this
topic in its entirety, given the multiplicity of schemes, their evolution-
ary nature (different versions or releases produced over time), their dif-
ferent constituencies, and their varied functional emphases.

Despite these challenges, it is important to conceptualize the nature
of metadata schemes. We need to study schemes in order to understand
their place in the larger context of information organization, manage-
ment, and access. The intense interest in, and extensive development of,
metadata schemes over the last decade brings this need to the forefront
and calls for an examination of the population of these semantic con-
tainer-like systems. A framework is needed to study the full extent of
and functionalities supported by metadata schemes. In this paper I con-
sider this need by examining schemes developed for information re-
sources. The first part is a review of the definition of metadata, metadata
functions, and several metadata typologies. Next, I present conceptu-
alization for metadata schemes. The emphasis is on semantic con-
tainer-like metadata schemes (data structures). The last part of this
paper introduces the MODAL (Metadata Objectives and principles,
Domain, and Architectural Layout) framework as an approach for
studying metadata schemes. The paper concludes with a brief discus-
sion on value of frameworks for examining metadata schemes, includ-
ing different types of metadata schemes.

METADATA AND METADATA SUPPORTED FUNCTIONS

Defining Metadata

It is well documented that Jack E. Myers coined the term “metadata”
in 1969, and it was first printed in a product brochure in 1973. Meyers
used the term to represent current and future products associated with
his MetaModel and to designate a company that would develop and
market those products. METADATA® was registered in 1986 as a U.S.
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Trademark for The Metadata Company, where Meyers is a principle
(The Metadata Company: http://www.metadata.com/).

Building upon Meyer’s usage, the terms metadata, meta data and
meta-data (all in lower case) have been adopted by the computer sci-
ence, statistical, database, and library and information science commu-
nities to mean “data about data.” The term metadata, in these realms,
addresses data attributes that describe, provide context, indicate the
quality, or document other object (or data) characteristics.

Information and library scientists both equate (e.g., Milstead &
Feldman, 1999; Caplan, 1995) and distinguish (e.g., Heery, 1996) creat-
ing metadata from cataloging. The main distinction is that metadata is
exclusive to electronic information. This interpretation is, however, not
hard-and-fast, as librarians have been cataloging electronic resources
for decades prior to the Web, and many metadata schemes are applica-
ble to physical as well as digital resources. Definitions of metadata spe-
cific to information resources (the types of materials found in both
physical and digital libraries, archives, museums, and other information
agencies) are consistent in that they emphasize the functional aspect of
metadata, with the common definition of “structured data about data”
(e.g., Duval et al. 2002; Woodley et al. 2003). Metadata can be viewed
as “structured data about an object that supports functions associated
with the designated object”–with an object being “any entity, form, or
mode for which contextual data can be recorded” (Greenberg, 2003).

Metadata Functions

Many discussions, particularly those exploring metadata in the infor-
mation resource community (libraries, archives, museums, and other in-
formation centers), tend to group metadata elements by the various
functions they support. The result is the identification of different types
of metadata (or metadata classes), each of which comprises multiple
metadata elements. Table 1 provides typologies of different types of
metadata identified by Lagoze et al. (1996), Gilliland-Swetland (2000),
Greenberg (2001), and Caplan (2003).

Lagoze et al. have developed one of the most extensive typologies,
presented in Table 1, columns one through three. Column one summa-
rizes the Lagoze et al. typology, column 2 describes the metadata func-
tions corresponding to the typology, and column three lists examples of
metadata elements that facilitate the functions in column 2.

Gilliland-Swetland’s (2000), Greenberg’s (2001), and Caplan’s (2003)
typologies are presented in Table 1, columns four, five, and six respec-
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tively; and these typologies are mapped to the functions identified by
Lagoze et al. (column 2). The typologies developed by these three au-
thors (Gilliland-Swetland, Greenberg, and Caplan) are not as extensive
as the Lagoze et al. typology and definitions vary among authors. As a
result, metadata types are repeated in the mapping, and often more than
one type is listed to match the Lagoze et al. metadata functions.

Table 1 illustrates similarities among metadata typologies, yet it also
makes evident the challenge in establishing one universal metadata
classification. Most important is that the naming of different types of
metadata, with labels such as “resource discovery” and “use,” demon-
strates that functionality is the principal reason for metadata.

A CONCEPTUALIZATION FOR METADATA SCHEMES

A Context for Metadata Schemes

While literature includes analyses on the different types of metadata,
discussions on the meaning of scheme (or schema), in the metadata con-
text, are scarce. It may simply be that “scheme” is generally understood
to be “a structured framework or plan” (Miriam-Webster Online: http://
www.m-w.com/cgi-bin/dictionary?va=schema), and adopting this con-
cept for representation systems used in information databases seems
very reasonable. The term scheme has historically been applied to
classificatory and terminological systems used in library catalogs and
other information databases, such as the Dewey Decimal Classification
(DDC) system and Library of Congress Subject Headings (LCSH); this
practice continues with little debate–if any. Here I focus on the semantic
container-like schemes, also referred to as data structures. These are the
higher-level structured schemes that may require or recommend the use
of schemes containing acceptable data values (e.g., DDC or LCSH).

The philosopher Kant provides insight into the meaning of scheme in
his 1785 treatise Critique of Pure Reason (1998). Kant reasons that a
schema is a system based on experience and the gathering of empirical
data. Kant’s model, emphasizing experience and empirical analysis, is
applicable to developments underlying metadata schemes today. The
experience aspect is evident via expert collaboration during scheme de-
sign activities. Subject discipline experts and technical experts, in areas
such as electronic markup, thesaurus development, representation, and
data processing, frequently join forces through committees or desig-
nated initiatives to design a metadata scheme. These committees and
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initiatives can be locally, nationally, or internationally positioned. For
example, the Dublin Core Metadata Initiative is an international and in-
terdisciplinary group that has developed and maintains the Dublin Core
through committee consensus. Metadata scheme designers, working to-
gether, draw upon experience gained in their areas of expertise.

Referring back to Kant’s model, the empirical aspect of scheme de-
sign is evident mainly through the counting of metadata elements,
sub-elements, qualifiers, and other components. Nascent metadata
scheme design can be guided by a pre-determined number of elements,
dictating the scheme’s extent and often granularity (refinement). This
restriction requires element counting during the design process. The
empirical aspect of metadata scheme design is also evident in analyses
of pre-existing metadata schemes–even those developed during the
pre-digital era. The crosswalk analysis, a common analytical method,
often employed as a first step to scheme design, is heavily empirical
(e.g., Woodley, 2000; Zeng, 1997). Equivalent or similarly functioning
metadata elements from two or more metadata schemes are mapped to
one another via a table that allows for an element-level detailed compar-
ison among schemes. Other empirical methods include counting how
many institutions or initiatives have adopted a scheme; counting the
number of metadata elements being used (or not used) in a particular
scheme; and analyzing the strength of the relationship among metadata
elements (e.g., Moen and Benardino, 2003).

The “conceptualization” of a metadata scheme is generally “formal-
ized in a specification” (Greenberg, 2003), and there are standards to
guide this process. Arguably, the most important standard guiding this
process is ISO/IEC (International Standards Organization/International
Electrotechnical Commission) 11179, Metadata Registries Standard,
developed by ISO/IEC JTC1 SC32 WG2 Development/Maintenance
(http://metadata-stds.org/11179/). The standard has six parts: (1) Frame-
work, (2) Classification, (3) Registry Metamodel and Basic Attributes,
(4) Formulation of Data Definitions, (5) Naming and Identification
Principles, and (6) Registration. The standard includes extensive in-
structions on how to identify data elements and register a scheme with a
registration authority. ISO/IEC 11179 is essential for the database com-
munity, and has been a vital resource for the development of metadata
schemes for digital resources. Part 1 and Part 4 of ISO/IEC 1179 appear
to be the most important sections for metadata scheme development.
Part 1 “introduces and discusses fundamental ideas of data elements,
value domains, data element concepts, conceptual domains, and classi-
fication schemes,” and Part 4 “provides guidance on how to develop un-
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ambiguous data definitions.” Additional standards guiding metadata
scheme development include ISO/IEC 20943, Procedures for Achiev-
ing Metadata Registry Content Consistency; ISO/IEC 20944, Metadata
Registry Interoperability and Bindings; and ISO/IEC 18038, Identifica-
tion and Mapping of Various Categories of Jurisdictional Domains (see
http://metadata-stds.org/).

Metadata Scheme Conceptualized

Exploring the meaning of “scheme,” including referencing ISO/IEC
11179, and reviewing metadata functionalities aid in conceptualizing
what a metadata scheme is. Described as “a systematic, orderly combina-
tion of elements or terms” (Woodley et al., 2003) and “a set of metadata
elements and rules for their uses that has been defined for a particular pur-
pose” (Caplan, 2003), literature does not reveal a universally accepted
definition for metadata scheme–unlike the standard definition of “data
about data” for metadata. A metadata scheme can, however, be identified
by three main features. A metadata scheme is:

1. A collection of metadata elements gathered to support a function,
or a series of functions (e.g., resource discovery, administration,
use, etc.), for an information object.

2. A collection of metadata elements, forming a structured container,
to which data values are added. Data values may be uncontrolled
or controlled (e.g., taken from a source such as LCSH or a stan-
dardized list of values).

3. A collection of data elements, with their attributes formalized in a
specification (or a data dictionary). Examples of element attrib-
utes include the metadata element’s “name,” “identifier,” “label,”
“definition,” and the “date the element was declared.”

Specifications vary tremendously from fairly flexible guidelines, such
as the Dublin Core, to detailed and complex rules, such as Federal Geo-
graphic Documentation Committee (FGDC) Content Standard for Digi-
tal Geospatial Metadata (CSDGM) (1998), or the CSDGM’s extension
for biological data (Content Standard for Digital Geospatial Metadata
Part 1: Biological Data Profile, 1999). Specifications almost always
provide element definitions–first and foremost. In reference to other el-
ement attributes, specifications might or might not:
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• Define relationships among metadata elements.
• Identify specific acceptable content values or content value sys-

tems (e.g., LCSH) to be used with the scheme.
• Provide syntactical guidelines. Content syntax guidelines, such as

“surname” before “forename” or “year” “month” “day” [YYYY-
MM-DD], or encoding and markup syntax guidelines for XML or
HTML languages.

• Declare metadata element cardinality. That is, how many times a
metadata element can or must appear in a metadata description.

• Further refine metadata elements definitions through qualifica-
tion. For example, the metadata element “creator” can be further
refined by “person” or “corporate body.”

ANALYZING METADATA SCHEMES

A comprehensive study of metadata schemes seems daunting when
considering the wide range of metadata schemes, their evolutionary na-
ture (different versions or releases produced over time), their different
constituencies, and their varied functional emphases. Despite this chal-
lenge, research is needed to better understand the range of metadata
schemes and how they fit into the information context. The MODAL
framework, defined by objectives and principles, domains, and archi-
tectural layout, provides a way to examine the population of metadata
schemes. Figure 1 illustrates the MODAL framework, which is dis-
cussed in more detail in this section.

Objectives and Principles

One way to further understand a metadata scheme is to study its un-
derlying objectives and principles. Objectives identify the overall
aims and goals of the scheme, while principles are rules or means for
accomplishing tasks to meet an objective. Objectives and principles
are often published as a series of statements, and frequently appear as
metadata specification introductions. These underlying features of
metadata schemes are often inter-woven, making it difficult to distin-
guish the objectives from the principles.

Among the most influential historical statements of bibliographic
control objectives, are Charles A. Cutter’s (1904) objectives for a li-
brary catalog, printed in the 4th edition of his Rules for a Dictionary
Catalog. Emphasizing resource discovery, almost one hundred years
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prior to the development of the World Wide Web and digital technolo-
gies, Cutter’s objectives state that a library catalog is to:

1. Enable a person to find a book when the author, title, or subject is
known;

2. Show what the library has by author, subject, and literature genre;
and

3. Assist in the selection of a book by its edition and literary or topical
composition. These objectives have a functional end: they exem-
plify resource discovery, and with a little tweaking of terminology
(e.g., changing book to digital resource), they represent the objec-
tives of many current metadata schemes developed for digital re-
sources.
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DomainsObjectives and
Principles

Architectural Layout

Objectives: Overall aims
and goals of the scheme
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Architectural layout:
Structural design and the
extent and granularity of the
metadata elements recorded
in its specification

Structural design:
Component parts and
levels of a metadata
scheme
Extent: Number of
metadata elements
Granularity:
Refinement of the
element definition

Simple------Complex

Dublin------CSDGM/
Core FGDC

E.g., CIMI is for the museum
community, and GILS is for the
government sector . . .

Object class domain: Assembly or grouping
of similiar objects by type (multiple ways to
define type)

General object types (e.g.,
Information resources, activities,
events, persons, places, . . .)

Data modeling types (e.g., Work,
expression, manifestation, and item)

Object format domain: Object’s composition,
what it is made of

Environmental domain types (e.g.,
CIMI is for the museum objects, GILS is
for government documents, . . .)

Objective:

Principle:

Facilitate resource
discovery /

Subject
specificity

Objective:

Principle

Facilitate
interoperability and
data exchange /

: Use
XML

E.g., CSDGM/FGDC–digital
geospatial resources; GEM textual,
graphical, auditory, multimedia, or
other formats; and Dublin Core
DLOs and physical resources

–

–

FIGURE 1. The MODAL Framework for Metadata Objectives and Principles,
Domains, and Architectural Layout



Cutter’s Rules for a Dictionary Catalog (1904) also includes princi-
ples to meet the stated objectives. An example of the subject specificity
principle, which aids Cutter’s first two objectives, is: “Enter a work un-
der its subject-heading, not under the heading of a class which includes
that subject. Example: Put Lady Cust’s book on The cat under Cat, not
under Zoology or Mammals, or Domestic animals; and put Garnier’s
Le fer under Iron, not under Metals or Metallurgy” (1904, p. 66).

Among one of the best known historical examples of principles of
bibliographic control is the “Statement of Principles,” commonly
known as the “Paris Principles,” resulting from the International Con-
ference on Cataloguing that took place in Paris in 1961 (International
Federation . . . , 1963). Adopted by delegates from 53 different coun-
tries, the Paris Principles were established to guide the selection and
form of access points for library materials and to harmonize and direct
future cataloging on an international level (Carpenter, 1985). It is inter-
esting to note that the second statement in the Paris Principles is a rendi-
tion of Cutter’s objectives.

The synthesis of objectives, principles, and functional requirements
continues to be a fundamental component of metadata schemes that
guide online cataloging. Exploring these underlying components was a
major theme in the 1996 International Conference on the Principles and
Future Development of AACR (Weihs, 1998), which explored the adap-
tation of AACR2 for cataloging electronic resources. The Functional
Requirements for Bibliographic Records (FRBR) (1997), an Interna-
tional Federation of Library Associations and Institutions’ (IFLA) model
for bibliographic control, provides another recent example of a synthe-
sis of these fundamental components.

Historical and contemporary cataloging developments are indicative
of the objectives and principles stated in metadata schemes developed
for digital resources. A key objective of many metadata schemes is to
facilitate resource discovery, and, thus many specifications indicate
this. The first item listed in the Dublin Core Metadata Initiative’s mis-
sion statement Web page (http://www.dublincore.org/about/) is to im-
prove means for finding resources on the Internet by “developing
metadata standards for discovery across domains.” Another objective,
found in a number of fairly recent metadata schemes, is to document
preservation and reformatting. The final report of RLG’s Working Group
on Preservation Issues of Metadata (1998) states that the scheme’s
16 elements are deemed “crucial to the continued viability of a digital
master file.” This objective, or variations of it, is found in the introduc-
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tions of many other preservation metadata schemes (for links to preser-
vation metadata see: http://www.dublincore.org/groups/preservation/).

A number of metadata schemes have formal statements of principles
to help accomplish objectives and to guide scheme design. A case in
point is the Poughkeepsie Principles, an outcome of the Vassar Plan-
ning Conference that led to the Text Encoding Initiative (TEI) guide-
lines (Design Principles . . . , 1988). These Principles consist of nine
statements that highlight the need to establish a set of guidelines for data
interchange, define a meta-language, recommend encoding principles,
support compatibility with existing standards, and permit the conver-
sion of resources to newer communication formats, among other
goals–all for electronic text in the humanities. Many of these statements
appear more like objectives and weave in the principles. The TEI stan-
dard includes a series of metadata schemes for different types of text in
the humanities, such as novels, plays, lexicons, and bibliographic in-
formation–to name a few components. The most current version is TEI
P4 (Sperberg-McQueen and Burnard, 2002).

Another set of metadata scheme principles is the Ann Arbor Accords
(1996) (hereafter referred to as the Accords), developed for metadata
about electronic archival finding aids. The Accords were influenced by
the Poughkeepsie Principles, and appear to also interweave objectives
and principles. The Accords “defines principles and criteria for design-
ing, developing, and maintaining SGML-based encoding schemes for
archive and library finding aids,” and have guided the development of
the SGML (now XML) document type definition (DTD) for the En-
coded Archival Description (EAD) (2002). The “General Principles”
section of the Accords (principles 4 through 8) defines the chief aim of
archival finding aids, and emphasizes goals of the EAD, such as facili-
tating interchange and portability, increasing the intelligibility of find-
ing aids within and across institutions, and fostering data sharing. The
“Structural Features” section of the Accords (principles 9 through 12)
includes EAD design principles. This section explains that the EAD en-
coding scheme is based on SGML with a formal DTD, that the scheme
consists of two parts (an SGML-compliant DTD and detailed applica-
tion guidelines), and that more generic terms, such as “unit” and “com-
ponent,” were used to ensure broad application of the scheme.

A final example of principles with a slightly different tenor than the
Poughkeepsie Principles and the Ann Arbor Accords are the Dublin
Core’s principles of simplicity, semantic interoperability, international
consensus, and flexibility for Web resource description (e.g., Dublin
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Core Metadata, 1997). These principles define general modes of opera-
tion and are the tenets upon which the Dublin Core has developed.

Objectives and principles, as reviewed here, highlight one way in
which the population of metadata schemes may be examined and fur-
ther understood. In the next section, I will focus on metadata scheme do-
mains.

Domains

Additional insight into the population of metadata schemes can be
gained by examining a scheme’s application domains–that is, the realms
in which the scheme operates. This discussion presents three domains
for studying metadata schemes. They are the environmental domain,
object class domain, and object format domain. The distinctions be-
tween these domains are not absolute, but they are discussed separately
for the sake of clarity.

Environmental Domain

The environmental domain is the discipline or the community that
the scheme serves. The majority of schemes in the Web environment
have been developed to meet the needs of a specified community. Ex-
amples include Consortium for the Computer Interchange of Museum
Information (CIMI) (2000), developed primarily for the museum com-
munity and art world; Government Information Locator Service (GILS)
(1997), developed for the government sector; Rich Site Summary
(RSS) (2000), developed for the news community; and Data Documen-
tation Initiative (DDI) (2000), developed for the social science re-
search community. The Dublin Core is a multidisciplinary schema
developed to facilitate resource discovery and support interoperability
and data exchange among communities. As a result, the Dublin Core’s
environmental domain includes the larger information resource de-
scription community (Weibel, 1995), which may be thought of as a
community uniting smaller communities or disciplines.

Object Class Domain

Object class domain is the assembly or grouping of similar objects by
“type.” There are a variety of ways that type can be defined for the ob-
ject class domain. A majority of the schemes identified in this article
(e.g., Dublin Core, TEI, and EAD) have been designed for information
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resources–the class of objects commonly found in libraries, museums,
archives, or other information agencies. Other types of objects include
activities, events, persons, places, structures, relationships, transac-
tions, execution directions, and programmatic applications. Each of
these object types can have sub-domains, which can be further divided
by genre. For example, information resources can be further refined by
format (e.g., textual, graphical, auditory, and multi-media, among other
formats), a topic that is covered below under object format domain.

The environmental domains identified above each cater to a specific
type of resource, and illustrate another way to look at the object class.
For example, CIMI is for art objects, GILS is for government docu-
ments, RSS is for channel information, and DDI is for social science
statistical data.

Data modeling activities lend to another way of typing objects. For
example, the FRBR model supports representation of works, expres-
sions, manifestations, and items, which may be viewed as different
classes or objects. Traditionally, metadata schemes have combined
these representations. The Machine Readable Cataloging (MARC) bib-
liographic format illustrates this point and is considered a flat data struc-
ture. Research on the nature of a work and multiple derivations (e.g.,
Smiraglia, 2001) is important for forwarding information object repre-
sentation, particularly in the digital environment where derivations are
likely to be even more significant compared to the high numbers already
found in catalogs representing more traditional bibliographic resources
(e.g., monographs, videos, musical works, and so forth) (Smiraglia and
Leazer, 1999).

Object Format Domain

Object format domain is the object’s composition–what it is made of.
FGDC/CSDGM was designed for digital geospatial materials and is an
example of a format-specific scheme. The majority of information re-
source-oriented metadata schemas are applicable to multiple formats.
For example, the Gateway to Educational Material (GEM) Element Set
(1999) is a metadata schema for educational resources, available in tex-
tual, graphical, auditory, multimedia, or other formats. The Dublin Core,
designed initially for digital like objects (DLOs), which are defined as
textual objects, is also applicable to physical objects in many different
formats (Weibel and Hakala, 1998). Extending beyond information re-
sources, object format is a likely factor in other schemas as well. Con-
sider the ontology developments in the field of genomics, where metadata
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schemes designed for human beings or animals document different
blood types, e.g., the DNA (deoxyribonucleic acid) gene sequence. This
example is beyond the scope of this article, but it demonstrates another
view of domain format.

Architectural Layout

Architectural layout involves the structural design of a scheme, and
the extent and granularity of the metadata elements. (Scheme architec-
ture is not to be confused with information architecture, which applies
to design framework for entire information systems or environments.)
Scheme structures range from fairly simple flat designs–that generally
have a limited number of general metadata elements–to complex modu-
lar structures with a higher number and usually more granular metadata
elements.

At the simple end of the spectrum is the Dublin Core, which com-
prises 15 basic metadata elements that are deemed essential for re-
source discovery. The simplicity of the Dublin Core is predicated on
its existence as a low-level common denominator that aims to support
interoperability among resource description environments using more
complex schemas. This activity is facilitated by crosswalk analyses that
map metadata elements to achieve semantic interoperability. Another
factor underlying the Dublin Core’s simplicity is connected to its goal to
serve as the core or base for the development of more elaborate or do-
main specific schemas. An example is found with GEM, which incorpo-
rates all 15 Dublin Core metadata elements and their exact definitions,
but includes a set of specialized metadata elements (e.g., “pedagogy,”
“grade level,” “audience,” to name a few) that are important for orga-
nizing and accessing Web-based educational resources. Resources con-
taining GEM metadata can easily be transferred to any database that
uses equivalent Dublin Core elements.

Slightly more complex than the Dublin Core’s architecture, but still
relatively simple, is Metadata Object Description Schema (MODS)
(2003). This scheme has 19 top level elements and two root elements,
each with sub-elements and most with attributes to describe the ele-
ment. Another slightly more complex metadata scheme is the Visual
Resource Association’s Core Categories (VRA Core, 3.0) (2000) for vi-
sual objects (e.g., paintings, antiques, other cultural objects) and images
that document them (e.g., slides, photographs, digital images used for
studying these objects). Initially modular, with one component for the
work (the visual object) and one component for the image of the work
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(see Core Categories for Visual Resources, 1997), this schema now
conflates these two parts into a single arrangement. VRA, version 3.0,
has 17 metadata elements and recommends one metadata record per ob-
ject, whether the work itself or an image of the work is being repre-
sented. The VRA is more granular than the Dublin Core in that the
elements are specifically defined for the visual resource domain.

Compared to the VRA Core, the DIG35 Specification: Metadata for
Digital Images (2000) has a fairly complex architectural layout. This
scheme includes five top-level structural components: basic image, im-
age creation, content description, history, and intellectual property
rights, and over 150 metadata elements for documenting images. The
“image creation” section includes sub-sections labeled general informa-
tion, camera capture metadata, device characterization, camera settings,
scanner capture metadata, and captured item metadata, each of which
are further defined by a collection of metadata and meta-metadata ele-
ments, the majority of which are not prescribed in the VRA Core.

A final example of a scheme with a complex architectural layout is
the FGDC/CSDGM developed for digital geospatial resources. The
structural design consists of ten top-level sections; this schema has over
320 compound metadata elements. FGDC/CSDGM, Section 4, Spatial
Reference Information, provides a good example of this scheme’s
granularity with over 40 metadata elements–all of which map to the
Dublin Core “coverage” metadata element to achieve semantic inter-
operability. For example, a data exchange sequence between the two
schemes would require that FGDC/CSDGM "Map_Projection_Param-
eters," "Grid_Coordinate_System," "Universal_Transverse_Mercator,"
"State_Plane_Coordinate_System," "ARC_Coordinate_System," "Planar_
Coordinate_Information," "Distance_and_Bearing_Representation," and
"Geodetic_Model" metadata elements (a few element examples) be
mapped to the Dublin Core’s “coverage” metadata element.

In observing schema architectures, particularly the extent of and
granularity of metadata elements, factors such as metadata element
cardinality and qualification must also be taken into account. This is
because element repeatability in one specification might be able to
achieve the extensity and granularity documented in another specifica-
tion. This point is illustrated with the example above where FGDC/
CSDGM, Section 4, metadata elements, which are quite as granular and
have obligation and occurrence restrictions, were mapped to the Dublin
Core “coverage” metadata element, which is optional and repeatable.

Although the architectural layout examples provided here are fairly
representative of scheme architectural compositions, it is important to
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point out that greater complexity in structural design is not always cor-
related with a higher number of and more granular metadata elements.
For example, RSS has a slightly complex structural design with four
main components (channel, item, text input, and image), but only 16
metadata elements that, with the exception of the granular descriptions
given for the “channel,” are applicable to a wide range of information
resources. The EAD scheme for archival finding aids deviates from the
norm as well, albeit in the other direction. EAD has a simple structure
comprising two main components (header and archival description), but
is extensive in that it contains over 143 metadata elements with descrip-
tions that range from general to quite granular.

CONCLUSIONS:
FRAMEWORKS AS AN APPROACH OF STUDY

Metadata is generally defined as structured data about data, and in-
formation and library scientists emphasize the functional goals in their
discussions. The functional aspect is evident when reviewing metadata
typologies. Defining what specifically a metadata scheme is presents a
greater challenge, given the multiplicity of schemes, their evolutionary
nature, their different constituencies, and their varied functional empha-
ses. The MODAL framework presents a way to study this complex
topic.

Frameworks are useful for understanding complex topics: they help
divide, categorize, and analyze concepts. Although metadata schemes
vary tremendously, they are shown to be similar when examining their
objectives and principles, domain foci, and architectural layout. The
MODAL framework focuses on these features and provides a structure
for examining and interpreting metadata schemes. The MODAL frame-
work can also aid with metadata scheme design.

Although frameworks facilitate study, it is important to note that they
are artificial creations, with accompanying shortcomings. The MODAL
framework will likely not support every analysis of metadata schemes,
and it might require enhancement and modification over time. It is also
likely that researchers will develop new frameworks supporting anal-
yses of different types of metadata schemes. This point becomes evi-
dent when considering the different uses of the term metadata scheme:
“metadata scheme” connotes not only the semantic container-like
structures focused on in this article, but also topics we commonly refer
to as content standards (e.g., AACR), controlled vocabularies (e.g.,
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LCSH), taxonomies and ontologies (e.g., Yahoos! main classification),
and full markup language, such as Mathematical Markup Language
(MathML™) (1999). These different types of metadata schemes require
further investigation, and point to an exciting research agenda.

Studying more semantic container-like metadata schemes, as em-
phasized in this paper, and the different types of metadata schemes
noted above will help improve the MODAL framework approach. The
MODAL framework can be used to study different types of metadata
schemes, and testing of its applicability is warranted. Together these ap-
proaches will contribute to a body of knowledge about the population of
metadata schemes and help us understand the role of metadata schemes
in the larger context of information organization, management, and ac-
cess.
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