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to Connect Users and Information

Mary S. Woodley 

Since the turn of the millennium, instantaneous access to a wide variety 
of content via the Web has ceased to be considered “bleeding-edge tech-
nology” and instead has become expected. In fact, from 2000 to the 
time of this writing, there has been continued exponential growth in the 
number of digital projects providing online access to a range of informa-
tion resources: Web pages, full-text articles and books, cultural heritage 
resources (including images of works of art, architecture, and material 
culture), and other intellectual content, including born digital objects. 
Users increasingly expect that the Web will serve as a portal to the entire 
universe of knowledge. Recently, Google Scholar, Yahoo! and OCLC’s 
WorldCat (a union catalog of the holdings of national and international 
libraries) have joined forces to direct users to the closest library that owns 
the book they are seeking, whether it is available in print or online or 
both.¹ Global access to the universe of traditional print materials and 
digital resources has become more than ever the goal of many institutions 
that create and/or manage digital resources. 

Unfortunately, there are still no magic programming scripts that 
can create seamless access to the right information in the right context 
so that it can be efficiently retrieved and understood. At this point, most 
institutions (including governments, libraries, archives, museums, and 
commercial enterprises) have moved from in-house manual systems to 
automated systems in order to provide the most efficient means to control 

The author would like to thank Karim Boughida of George Washington University for his 
invaluable input about meta searching and metadata harvesting and Diane Hillmann, of 
Cornell University, who graciously commented on the chapter as a whole. The author takes 
full responsibility for any errors or omissions.

¹  For more about the Google and WorldCat partnership, see http://scholar.google.com/
scholar/libraries.html. More information about OCLC’s Open WorldCat program can be 
found at http://www.oclc.org/worldcat/open/. 
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and provide access to their collections and assets.² Some institutions have 
a single information system for managing all their content; others support 
multiple systems that may or may not be interoperable. Individual institu-
tions, or communities of similar institutions, have created shared metadata 
standards to help to organize their particular content. These standards 
might include elements or fields, with their definitions (also known as 
metadata element sets or data structure standards);³ codified rules or best 
practices for recording the information with which the fields or elements 
are populated (data content standards); and vocabularies, thesauri, and 
controlled lists of terms or the actual data values that go into the data 
structures (data value standards).⁴ The various specialized communi-
ties or knowledge domains tend to maintain their own data structure, 
data content, and data value standards, tailored to serve their specific 
types of collections and their core users. It is when communities want to 
share their content in a broader arena, or reuse the information for other 
purposes, that problems of interoperability arise. Seamless, precise retrieval 
of information objects formulated according to diverse sets of rules and 
standards is still far from a reality.

The development of sophisticated tools to enable users to 
discover, access, and share digital content, such as link resolvers, OAI-
PMH harvesters, and the development of the Semantic Web have 
increased users’ expectations that they will be able to search simultaneously 
across many different metadata structures.⁵

The goal of seamless access has motivated institutions to convert 
their legacy data, originally developed for in-house use, to standards more 
readily accessible for public display or sharing; or to provide a single 
interface to search many heterogeneous databases or Web resources at the 
same time. Metadata crosswalks are at the heart of our ability to make 
this possible, whether they are used to convert data to a new or different 

²  An excellent survey of the history and future of library automation can be found in 
 Christine Borgman,  “From Acting Locally to Thinking Globally: A Brief History of 
Library Automation,” Library Quarterly 67, no. 3 (July 1997): 215–49.

³  What determines the granularity or detail in any element will vary from standard to 
standard. In different systems, single instances of metadata may be referred to as fields, 
labels, tabs, identifiers, and so on. Margaret St. Pierre and William P. LaPlant Jr., “Issues 
in  Crosswalking, Content Metadata Standards,” in NISO Standards. http://www.niso.org/
press/whitepapers/crsswalk.html.  

⁴  See the Typology of Data Standards in the first chapter of this book.
⁵  The Semantic Web is a collaborative effort led by the W3C, the goal of which is to provide 

a common framework that will allow data to be shared and reused across various applica-
tions as well as across enterprise and community boundaries. The Semantic Web is based on 
common formats such as RDF (see Tony Gill’s discussion in the preceding chapter), which 
make it possible to integrate and combine data drawn from diverse sources. http://www.
w3.org/2001/sw/.
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standard, to harvest and repackage data from multiple resources, to search 
across heterogeneous resources, or to merge diverse information resources. 

Definitions and Scope

For the purposes of this chapter, “mapping” refers to the intellectual activ- 
ity of comparing and analyzing two or more metadata schemas; “cross-
walks” are the visual and textual product of the mapping process.  
A crosswalk is a table or chart that shows the relationships and equivalen-
cies (and highlights the inevitable gaps) between two or more metadata 
formats. An example of a simple crosswalk is given in table 1, where a 
subset of elements from four different metadata schemas are mapped to 
one another. Table 2 is a more detailed mapping between MARC21 and 
Simple Dublin Core. Note that in almost all cases there is a many-to-one 
relationship between the richer element set (in this example, MARC) and 
the simpler set (Dublin Core). 

Metadata Mapping and Crosswalks

Crosswalks are used to compare metadata elements from one schema or 
element set to one or more other schemas. In comparing two metadata 
element sets or schemas, similarities and differences must be understood 
on multiple levels so as to evaluate the degree to which the schemas are 

Table 1. Example of a Crosswalk of a Subset of Elements from Different Metadata Schemes

CDWA MARC EAD Dublin Core

Object/Work-Type 655 Genre/form <controlaccess><genreform> Type

Titles or Names 24Xa Title and Title— 
Related Information

<unittitle> Title

Creation–Date 260c Imprint— 
Date of Publication

<unitdate> Date.Created

Creation-Creator-Identity 1XX Main Entry
7XX Added Entry

<origination><persname>
<origination><corpname>
<origination><famname>
<controlaccess><persname>
<controlaccess><corpname>

Creator

Subject Matter 520 Summary, etc.
6xx Subject Headings

<abstract>
<scopecontent>
<controlaccess><subject>

Subject

Current Location 852 Location <repository><physloc>
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interoperable; crosswalks are the visual representations, or “maps,” that 
show these relationships of similarity and difference. 

One definition of interoperability is “the ability of different 
types of computers, networks, operating systems, and applications to work 
together effectively, without prior communication, in order to exchange 
information in a useful and meaningful manner. Interoperability can be 
seen as having three aspects: semantic, structural and syntactic.”⁶ Semantic 
mapping is the process of analyzing the definitions of the elements or fields 
to determine whether they have the same or similar meanings. A crosswalk 
supports the ability of a search engine to query fields with the same or 
similar content in different databases; in other words, it supports “semantic 
interoperability.” Crosswalks are not only important for supporting the 
demand for “one-stop shopping,” or cross-domain searching; they are also 
instrumental for converting data from one format to another.⁷ “Struc-
tural interoperability” refers to the presence of data models or wrappers 
that specify the semantic schema being used. For example, the Resource 
Description Framework, or RDF, is a standard that allows metadata to be 
defined and shared by different communities.⁸ “Syntactic interoperability,” 
also called technical interoperability, refers to the ability to communicate, 
transport, store, and represent metadata and other types of information 
between and among different systems and schemas.⁹

Table 2. Example of a Crosswalk: MARC21 to Simple Dublin Core 

MARC Fields Dublin Core Elements

130, 240, 245, 246 Title

100, 110, 111 Creator

100, 110, 111, 700, 710, 711* Contributor

600, 610, 630, 650, 651, 653 Subject / Keyword

Notes 500, 505, 520, 562, 583 Description

260 $b Publisher

581, 700 $t, 730, 787, 776 Relationship

008/ 07-10  260 $c Date

⁶  DCMI Glossary. http://www.dublincore.org/documents/usageguide/glossary.shtml. 
⁷  Ibid. Crosswalks can be expressed or coded for machines to automate the mapping between 

different metadata element sets or schemas.
⁸  http://www.w3.org/RDF. See also the discussion of RDF in the preceding chapter.
⁹  See Paul Miller, “Interoperability Focus,” http://www.ukoln.ac.uk/interop-forcus/about/. 
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Mapping metadata elements from different schemas is only one 
level of crosswalking. At another level of semantic interoperability are the 
data content standards for formulating the data values that populate the 
metadata elements, for example, rules for recording personal names or 
encoding standards for dates. A significant weakness of crosswalks of meta-
data elements alone is that results of a query will be less successful if the 
name or concept is expressed differently in each database. By using stan-
dardized ways to express terms and phrases for identifying people, places, 
corporate bodies, and concepts, it is possible to greatly improve retrieval 
of relevant information associated with a particular concept. Some online 
resources provide access to controlled terms, along with cross-references 
for variant forms of terms or names that point the searcher to the preferred 
form. This optimizes the searching and retrieval of information objects 
such as bibliographic records, images, and sound files. However, there is 
no universal authority file,¹⁰ much less a universal set of cataloging rules 
that catalogers, indexers, and users consult. Each cataloging or indexing 
domain has developed its own cataloging rules as well as its own domain-
specific thesauri or lists of terms that are designed to support the research 
needs of a particular community. Crosswalks have been used to migrate 
the data structure of information resources from one format to another, 
but only recently have there been projects to map the data values that 
populate those structures.¹¹ When searching many databases at once, 
precision and relevance become even more crucial. This is especially true if 
one is searching bibliographic records, records from citation databases, and 
full-text resources at the same time. Integrated authority control would 
significantly improve both retrieval and interoperability in searching dispa-
rate resources like these.

The Gale Group attempted to solve the problem of multiple 
subject thesauri by creating a single thesaurus and mapping the controlled 
vocabulary from the individual databases to their own in-house thesaurus. 
It is unclear to what extent the depth and coverage of the controlled terms 
in the individual databases are compromised by this merging.¹²

The Simple Knowledge Organization Scheme (SKOS Core) 
project by the W3C Semantic Web Best Practices and Deployment Work- 
ing Group is a set of specifications for organizing, documenting, and 
publishing taxonomies, classification schemes, and controlled vocabularies, 

¹⁰  A virtual international authority file has been posited by Barbara Tillett, but it is far from 
a reality as of this writing. See B. Tillett, “A Virtual International Authority File,” in 6th 
IFLA Council and General Conference, August 16–25, 2001. http://www.ifla.org/IV/ifla67/
papers/094-152ae.pdf.

¹¹  Sherry L. Vellucci, “Metadata and Authority Control,” LRTS 44, no. 1 (January 2000): 
33–43. See the Typology of Data Standards in the first chapter of this book.

¹²  Jessica L. Milstead, “Cross-File Searching,” Searcher 7, no. 1 (May 1999): 44–55.
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such as thesauri, subject lists, and glossaries or terminology lists, within an 
RDF framework.¹³ SKOS mapping is a specific application that is used to 
express mappings between diverse knowledge organization schemes. The 
National Science Digital Library’s Metadata Registry is one of the first 
production deployments of SKOS.¹⁴ Mapping and crosswalks of metadata 
elements are fairly well developed activities in the digital library world; 
mapping of data values is still in an early phase.  But, clearly, the ability to 
map vocabularies (data value standards), as well as the metadata element 
sets (data structure standards) that are “filled” with the data values, will 
significantly enhance the ability of search engines to effectively conduct 
queries across heterogeneous databases.¹⁵ 

Syntactical interoperability is achieved by shared markup 
languages and data format standards that make it possible to transmit and 
share data between computers. For instance, in addition to being a data 
structure standard, MARC (Machine-Readable Cataloging Record) is the 
transmission format used by bibliographic utilities and libraries;¹⁶ EAD 
(Encoded Archival Description) can be expressed as a DTD (document 
type definition) or an XML schema for archival finding aids expressed in 
SGML or XML; CDWA Lite is an XML schema for metadata records for 
works of art, architecture, and material culture; and Dublin Core meta-
data records can be expressed in HTML or XML.¹⁷ 

The Role of Crosswalks in Repurposing and Transforming Metadata 

The process of repurposing metadata covers a broad spectrum of activi-
ties: converting or transforming records from one metadata schema to 
another, migrating from a legacy schema (whether standard or local) to 
a different schema, integrating records created according to different 
metadata schemas, and harvesting or aggregating metadata records that 
were created using a shared community standard or different metadata 
standards. Dushay and Hillmann note that the library community has 

¹³  See the SKOS home page at http://www.w3.org/2004/02/skos/. 
¹⁴  The NSDL metadata registry can be found at http://metadataregistry.org/. 
¹⁵  For an introduction to the SKOS Core project, see Alistar Miles, “SKOS Core: Simple 

Knowledge Organization for the Web,” in DC-2005 Proceedings of the International 
 Conference on Dublin Core and Metadata Applications. http://www.slais.ubc.ca/PEOPLE/
faculty/tennis-p/dcpapers/paper01.pdf. 

¹⁶  MARC serves as a transmission standard as well as a metadata standard whose rules 
for content are governed by AACR. Key access points (names, subjects, titles) use 
values from authority files. MARC can also be expressed in XML. http://www. 
loc.gov/standards/marcxml///. 

¹⁷  Simple Dublin Core and Qualified Dublin Core can also be expressed in XHTML  
and RDF/XML. Details on encoding guidelines are available at http://dublincore 
.org/resources/expressions/.
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an extensive and fairly successful history of aggregating metadata records 
(in the MARC format) created by many different libraries that share data 
content and data value standards (Anglo-American Cataloguing Rules, 
Library of Congress authorities) as well as a common data structure stan-
dard and transmission format (MARC). However, aggregating metadata 
records from different repositories may create confusing display results, 
especially if some of the metadata was automatically generated or created 
by institutions or individuals that did not follow best practices or stan-
dard thesauri and controlled vocabularies.¹⁸ 

Data conversion projects transfer the values in metadata fields 
or elements from one system (and often one schema) to another. Institu-
tions convert data for a variety of reasons, for example, when upgrading 
to a new system, because the legacy system has become obsolete, or when 
the institution has decided to provide public access to some or all of its 
content and therefore wishes to convert from a proprietary schema to 
a standard schema for publishing data. Conversion is accomplished by 
mapping the structural elements in the older system to those in the new 
system. In practice, there is often not the same granularity between all the 
fields in the two systems, which makes the process of converting data from 
one system to another more complex. Data fields in the legacy database 
may not have been well defined, or may contain a mix of types of informa-
tion. In the new database, this information may reside in separate fields. 
Identifying the unique information within a field to map to a separate 
field may not always be possible and may require manipulating the same 
data several times before migrating it.

Some of the common misalignments that occur when migrating 
data are as follows:¹⁹

1. There may be fuzzy matches. A metadata element in the original 
database does not have a perfect equivalent in the target data-
base; for example, when mapping the CDWA element²⁰ “Styles/
Periods/Groups/Movements” to simple Dublin Core, we find 
that there is not a DC element with the exact same meaning. 
The Dublin Core Subject element can be used, but the semantic 
mapping is far from accurate, since it’s the subject, not the style, 
that a work of art is “about.”

¹⁸  Naomi Dushay and Diane Hillmann, “Analyzing Metadata for Effective Use and Reuse,” 
in DC-2003 Proceedings of the International DCMI Metadata Conference and Workshop. 
http://www.siderean.com/dc2003/501_Paper24.pdf.  

¹⁹  See the NISO white paper by Margaret St. Pierre and William P. LaPlante Jr., “Issues in 
Crosswalking, Content Metadata Standards” (October 1998). http://www.niso.org/press/
whitepapers/crsswalk.html.

²⁰  CDWA stands for Categories for the Description of Works of Art, a standard for describing 
cultural objects that is maintained by the J. Paul Getty Trust. http://www.getty.edu/
research/conducting_research/standards/cdwa/index.html. 
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2. Although some metadata standards follow the principle of a  
one-to-one relationship,²¹ as in the case of Dublin Core, in  
practice many memory institutions use the same record to  
record information about the original object and its related 
image or digital surrogate, thus creating a sort of hybrid work/
image or work/digital surrogate record. When migrating and 
harvesting data, this may pose problems if the harvester cannot 
distinguish between the elements that describe the original  
work or item and those that describe the surrogate (which is 
often a digital copy, full or partial, of the original item).

3. Data that exists in one metadata element in the original schema 
may be mapped to more than one element in the target schema. 
For example, data values from the CDWA Creation-Place 
element may be mapped to the “Subject” element and/or the 
“Coverage” element in Dublin Core.

4. Data in separate fields in the original schema may be in a single 
field in the target schema; for example, in CDWA, the birth and 
death dates for a “creator” are recorded in the Creator-Identity-
Dates, as well as in separate fields—all apart from the creator’s 
name. In MARC, both dates are a “subfield” in the string for the 
“author’s” name.

5. There is no field in the target schema with an equivalent 
meaning, so that unrelated information may be forced into a 
metadata element with unrelated or only loosely related content.

6. The original “standard” is actually a mix of standards. Kurth, 
Ruddy, and Rupp have pointed out that even when metadata is 
being transformed from a single schema, it may not be possible 
to use the same conversion mapping for all the records that 
are being converted. Staff working on the Cornell University 
Library (CUL) projects became aware of the difficulties of “trans-
forming” library records originally formulated in the MARC 
format to TEI XML headers. Not only were there subtle (and at 
times not so subtle) differences over time in the use of MARC, 
but the cataloging rules guiding how the content was entered had 
undergone changes from pre–Anglo-American Cataloguing Rules 
to the revised edition of AACR2.²²

²¹  Dublin Core Abstract Model. http://dublincore.org/documents/abstract-model/#sect-3.
²²  Martin Kurth, David Ruddy, and Nathan Rupp, “Repurposing MARC Metadata: Using 

Digital Project Experience to Develop a Metadata Management Design,” Library High 
Tech 22, no. 2 (2004): 153–65. Available at lts.library.cornell.edu/lts/who/pre/upload/
p153.pdf.
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7. In only a few cases does the mapping work equally well in both 
directions, due to differences in granularity and community-
specific information. (See no. 2 above.) The Getty metadata 
crosswalk maps in a single direction:²³ CDWA was analyzed and 
the other data systems were mapped to its elements. However, 
there are types of information that are recorded in MARC that 
are lost in this process; for example, the concepts of publisher 
and language are important in library records but are less relevant 
to CDWA, which focuses on one-of-a-kind cultural objects.

8. One metadata element set may have a hierarchical structure with 
complex relationships between elements (e.g., EAD), while the 
other may be a flat structure (e.g., MARC ).²⁴

Methods for Integrated Access/Cross-Collection Searching

Traditional Union Catalogs

The most time tested and in some ways still the most reliable way of 
enabling users to search across records from a variety of different institu-
tions is the traditional union catalog. In this method, various institutions 
contribute records to an aggregator or service provider, preferably using 
a single, standard metadata schema (such as MARC for bibliographic 
records), a single data content standard (for libraries, AACR, to be super-
seded by RDA in the future), and shared controlled vocabularies (e.g., 
Library of Congress Subject Headings, the Library of Congress Name 
Authority File, Thesaurus for Graphic Materials, and Art & Architecture 
Thesaurus).

Within a single community, union catalogs can be created 
where records from different institutions can be centrally maintained and 
searched with a single interface, united in a single database consisting of 
records from different contributing institutions. This is possible because 
the contributing community shares the same rules for description and 
access and the same protocol for encoding the information. OCLC’s 
WorldCat and RLG’s RLIN²⁵ bibliographic file are two major union 

²³  Metadata Standards Crosswalk: http://www.getty.edu/research/conducting_research/ 
standards/intrometadata/metadata_element_sets.html.

²⁴  See the ARTstor case study (Case Study 4) below. For other examples of crosswalk issues, 
see “Challenges and Issues with Metadata Crosswalks,” Online Libraries & Microcomputers, 
April 2002. http://www.accessmylibrary.com/coms2/summary_0286-9128739_ITM.  

²⁵  In spring 2006, OCLC and RLG began the process of merging their union catalogs. At the 
time of this writing, they had not resolved the issues involving displaying all institutional 
records that are clustered (RLG) or displaying the first record entered into the system with 
only the holdings symbols of other institutions attached (OCLC).
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catalogs that make records from a wide variety of libraries available for 
searching from a single interface, in a single schema (MARC). There are 
also “local” union catalogs that aggregate records from a particular consor-
tium or educational system; for example, the University of California and 
the California State Universities maintain their own union catalogs of 
library holdings (Melvyl and PHAROS, respectively). Interoperability is 
high, because of the shared schemas and rules for creating the “metadata” 
or cataloging records.²⁶

Metadata Harvesting

A more recent model for union catalogs is to create single repositories by 
“harvesting” metadata records from various resources. (See Tony Gill’s 
discussion of metadata harvesting and figure 1 in the preceding chapter.) 
Metadata harvesting, unlike metasearching, is not a search protocol; 
rather, it is a protocol that allows the gathering or collecting of metadata 
records from various repositories or databases; the harvested records 
are then “physically” aggregated in a single database, with links from 
individual records back to their home environments. The current stan-
dard protocol being used to harvest metadata is the OAI-PMH (Open 
Archives Initiative Protocol for Metadata Harvesting) Version 2.²⁷ The 
challenge has been to collect these records in such a way that they make 
sense to users in the union environment while maintaining their integrity 
and their relationship to their original context, both institutional and 
intellectual.

To simplify the process for implementation and to preserve 
interoperability, the OAI-PMH has adopted unqualified Dublin Core as its 
minimum metadata standard. Data providers that expose their metadata 
for harvesting are required to provide records in unqualified Dublin Core 
expressed in XML and to use UTF-8 character encoding,²⁸ in addition to 
any other metadata formats they may choose to expose. The data providers 
may expose all or selective metadata sets for harvesting and may also decide 
how rich or “lean” the individual records they make available for harvesting 
will be. Service providers operating downstream of the harvesting source 
may add value to the metadata in the form of added elements that can 
enhance the metadata records (such as adding audience or grade level to 

²⁶  But even union catalogs consisting of records created according to a single schema (in this 
case, MARC) experience interoperability issues caused by changes to the standards; see no. 
6 in the list of common misalignments above.

²⁷  The Open Archives Initiative can be found at http://www.openarchives.org/. Of particular 
interest is the documentation on the protocol for harvesting as well as an OAI tutorial 
(http://www.oaforum.org/tutorial/) and a link to the NSDL Metadata Primer (http://
metamanagement.comm.nsdlib.org/outline.html).

²⁸  See http://unicode.org/faq/utf_bom.html#General. 
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educational resources). Service providers also have the potential to provide 
a richer contextual environment for users to find related and relevant 
content. Repositories using a richer, more specific metadata schema than 
Dublin Core (such as CDWA Lite, MARC XML, MODS, or ONIX) 
need to map their content to unqualified Dublin Core in order to conform 
to the harvesting protocol.²⁹ Part of the exercise of creating a crosswalk is 
understanding the pros and cons of mapping all the content from a partic-
ular schema or metadata element set and the institution’s specific records 
expressed in that schema, or deciding which subset of the content should 
be mapped. 

The pitfalls of mapping between metadata standards have been 
outlined above. Bruce and Hillmann established a set of criteria for 
measuring the quality of metadata records harvested and aggregated into a 
“union” collection. The criteria may be divided into two groups, one that 
evaluates the intellectual content of the metadata records in terms of its 
completeness, currency, accuracy, and provenance; and one that evaluates 
the metadata records from a more detailed perspective: the conformance 
of the metadata sets and application profiles as expected and the consis-
tency and coherence of the data encoded in the harvested records.³⁰ In the 
context of harvesting data for reuse, Dushay and Hillmann have identified 
four categories of metadata problems in the second category of criteria: 
(1) missing data, because it was considered unnecessary by the creating 
institution (e.g., metadata records that do not indicate that the objects 
being described are maps or photographs, because they reside in a homo-
geneous collection where all the objects have the same format); (2) incor-
rect data (e.g., data that is included in the wrong metadata element or 
encoded improperly); (3) confusing data that uses inconsistent formatting 
or punctuation; and (4) insufficient data concerning the encoding schemes 
or vocabularies used.³¹ A recent study evaluating the quality of harvested 
metadata found that collections from a single institution did not vary 
much in terms of the criteria outlined above, but the amount of “variance” 

²⁹  See the OAI Best Practices “Multiple Metadata Formats” page, where it is stated, “Use of 
metadata formats in addition to Simple Dublin Core are both allowed and encouraged.” 
http://webservices.itcs.umich.edu/mediawiki/oaibp/index.php/MultipleMetadataFormats. 
A recent experiment in harvesting a richer metadata set (CDWA Lite) within a Dublin 
Core “wrapper,” along with a related OAI “resource” (in this case, a digital image) is 
discussed below in Case Study 4.

³⁰  Thomas R. Bruce and Diane I. Hillmann, “The Continuum of Metadata Quality: 
Defining, Expressing, Exploiting,” in Metadata in Practice, ed. Diane Hillmann and Elaine 
L. Westbrooks (Chicago: American Library Association, 2004), pp. 238–56.

³¹  Naomi Dushay and Diane Hillmann, “Analyzing Metadata for Effective Use and Reuse,” 
in DC-2003 Proceedings of the International DCMI Metadata Conference and Workshop. 
http://www.siderean.com/dc2003/501_Paper24.pdf.
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increased dramatically when the aggregations of harvested metadata came 
from many different institutions.³²

Tennant echoes the argument that the problem may be mapping 
to simple Dublin Core. He suggests that both data providers and service 
providers consider exposing and harvesting records encoded in meta-
data schemas that are richer and more appropriate to the collections at 
hand than unqualified Dublin Core. Tennant argues that the metadata 
harvested should be as granular as possible and that the service provider 
should transform and normalize data such as dates, which are expressed in 
a variety of encoding schemes by the various data providers.³³ 

Like the traditional union catalog model, the metadata 
harvesting model creates a single “place” for searching instead of providing 
real-time decentralized or distributed searching of diverse resources, as in 
the metasearching model.  In the harvesting model, to facilitate searching, 
an extra “layer” is added to the aggregation of harvested records; this layer 
manages the mapping and searching of heterogeneous metadata records 
within a single aggregated resource. Godby, Young, and Childress have 
suggested a model for creating a repository of metadata crosswalks that 
could be exploited by OAI harvesters. Documentation about the mapping 
would be associated with the standard used by the data providers, and 
the metadata presented by the service providers would be encoded in 
METS.³⁴ This would provide a mechanism for facilitating the transforma-
tion of OAI-harvested metadata records by service providers. 

Metasearching

The number of metadata standards continues to grow, and it is unrealistic 
to think that records from every system can be converted to a common 
standard that will satisfy both general and domain-specific user needs. An 
alternative is to maintain the separate metadata element sets and schemas 
that have been developed to support the needs of specific communities 
and offer a search interface that allows users to search simultaneously 
across a range of heterogeneous databases. This can be achieved through 
a variety of methods and protocols that are generally grouped under the 
rubric metasearch. 

³²  Sarah L. Shreeves et al., “Is ‘Quality’ Metadata ‘Shareable’ Metadata? The Implications of 
Local Metadata Practices for Federated Collections,” in ACRL Twelfth National Confer-
ence, Minneapolis, MN, 2005 April 9, pp. 223–37. http://www.ala.org/ala/acrl/acrlevents/
shreeves05.pdf.

³³  Roy Tennant, “Bitter Harvest: Problems & Suggested Solutions for OAI-PMH Data & 
Service Providers.” http://www.cdlib.org/inside/projects/harvesting/bitter_harvest.html.

³⁴  Carol Jean Godby, Jeffrey A. Young, and Eric Childress, “A Repository of Metadata 
Crosswalks,” D-Lib Magazine 10, no. 12 (December 2004). http://www.dlib.org/dlib/
december04/godby/12godby.html.
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Many different terms and definitions have been used for meta-
searching, including broadcast searching, parallel searching, and search 
portal. I follow the definition given by the NISO MetaSearch Initiative: 
“search and retrieval to span multiple databases, sources, platforms, proto-
cols, and vendors at one time.”³⁵ 

The best-known and most widely used metasearch engines in 
the library world are based on the Z39.50 protocol.³⁶ The development 
of this protocol was initiated to allow simultaneous searching of the 
Library of Congress, OCLC’s WorldCat, and the RLIN bibliographic file 
to create a virtual union catalog and to allow libraries to share their cata-
loging records. With the advent of the Internet, the protocol was extended 
to enable searching of abstracting and indexing services and full-text 
resources when they were Z39.50 compliant. Some people touted Z39.50 
as the holy grail of search: one-stop shopping with seamless access to all 
authoritative information. At the time of its implementation, Z39.50 had 
no competitors, but it was not without its detractors.³⁷

The library community is split over the efficacy of meta-
searching. When is “good enough” really acceptable? Often, the results 
created through a keyword query of multiple heterogeneous resources 
have high recall and little precision, leaving the patron at a loss as to how 
to proceed. Users who are used to Web search engines will often settle for 
the first hits generated from a metasearch, regardless of their suitability 
for their information needs. Authors have pointed to Google’s “success” to 
reaffirm the need for federated searching without referring to any studies 
that evaluate the satisfaction of researchers.³⁸ A recent preliminary study 
conducted by Lampert and Dabbour on the efficacy of federated searching 
laments that until recently studies have focused on the technical aspects of 
metasearch, without considering student search and selection habits or the 
impact of federated searching on information literacy.³⁹ 

What are some of the issues related to metasearch? In some 
interfaces, search results may be displayed in the order retrieved, or by 
relevance, either sorted by categories or integrated. As we know, relevance 

³⁵  NISO MetaSearch Initiative; http://www.niso.org/committees/MS_initiative.html.
³⁶  For a history of the development of the standard, see Clifford A. Lynch, “The Z39.50 

Retrieval Standard. Part 1: A Strategic View of Its Past, Present and Future,” D-Lib 
 Magazine (April 1997). http://www.dlib.org/dlib/april97/04lynch.html. 

³⁷  Roy Tennant, “Interoperability: The Holy Grail,” Library Journal, July 1, 1998. http://
www.libraryjournal.com/article/CA156495. For Tennant, interoperability was the holy 
grail; for others, it is Z39.50 and its successor, ZING.  

³⁸  Judy Luther, “Trumping Google? Metasearching’s Promise,” Library Journal, October 1, 
2003. Available at http://www.libraryjournal.com/article/CA322627.html. 

³⁹  Lynn D. Lampert and Katherine S. Dabbour, “Librarian Perspectives on Teaching 
 Metasearch and Federated Search Technologies,” Internet Reference Services Quarterly 12, 
nos. 3–4 (2007): 253–78.
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ranking often has little or nothing to do with what the searcher is really 
seeking. Having the choice of searching a single database or multiple 
databases allows users to take advantage of the specialized indexing and 
controlled vocabulary of a single database or to cast a broader net, with 
less vocabulary control. 

There are several advantages of a single gateway, or portal, to 
information. Users do not always know which of the many databases 
they have access to will provide them with the best information. Libraries 
have attempted to list databases by categories and provide brief descrip-
tions; but users tend not to read lists, and this type of “segregation” of 
resources neglects the interdisciplinary nature of research. Few users have 
the tenacity to read lengthy alphabetic lists of databases or to ferret out 
databases relevant to their queries when they are buried in lengthy menus. 
On the other hand, users can be overwhelmed by large result sets from 
federated searches and may have difficulty finding what they need, even if 
the results are sorted by relevance.⁴⁰

As of this writing, the commercial metasearch engines for 
libraries are still using the Z39.50 protocol to search across multiple 
repositories simultaneously.⁴¹ In simple terms, this protocol allows two 
computers to communicate in order to retrieve information; a client 
computer will query another computer, a server, which provides a result. 
Libraries employ this protocol to support searching of other library cata-
logs as well as abstracting and indexing services and full-text repositories. 
Searches and results are restricted to databases that are Z39.50 compatible. 
The results that users see from searching multiple repositories through a 
single interface and those achieved when searching their native interfaces 
individually may differ significantly, for the following reasons:

• The way the server interprets the query from the client. This is 
especially the case when the query uses multiple keywords. Some 
databases will search a keyword string as a phrase; others auto-
matically add the Boolean operator “and” between keywords; yet 
others automatically add the Boolean operator “or.”

• How a specific person, place, event, object, idea, or concept 
is expressed in one database may not be how it is expressed in 

⁴⁰  Terence K. Huwe, "New Search Tools for Multidisciplinary Digital Libraries," Online 23, 
no. 2 (March 1999): 67–70.

⁴¹  The protocol is a NISO standard, http://www.niso.org/z39.50/z3950.html, which is main-
tained by the Library of Congress, http://www.loc.gov/z3950/agency, and ISO standard 
http://www.iso.org/iso/en/CatalogueDetailPage.CatalogueDetail?CSNUMBER=27446. 
A good history of Z39.50 was published in the ALCTS series, From Catalog to Gateway: 
William E. Moen, Interoperability and Z39.50 Profiles: The Bath and U.S. Profiles for 
Library Applications. 
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another. This is the vocabulary issue, which has a significant 
impact on search results when querying single resources (e.g., 
the name or term that the user employs may or may not match 
the name or term employed in the database to express the same 
concept). This is exacerbated when querying multiple resources, 
where different name forms and terms proliferate.

• Metasearch engines vary in how results are displayed. Some 
display results in the order in which they were retrieved; others, 
by the database in which they were found; still others, sorted 
by date or integrated and ranked by relevance. The greater the 
number of results, the more advantages may be derived from 
sorting by relevance and/or date.⁴²

ZING (Z39.50 International: Next Generation)⁴³ strives to 
improve the functionality and flexibility of the Z39.50 protocol while 
making the implementation of Z39.50 easier for vendors and data 
publishers in the hope of encouraging its adoption. ZING incorporates a 
series of services. One is a Web service for searching and retrieving (SRW) 
from a client to a server using SOAP (Simple Object Access Protocol), 
which uses XML for the exchange of structured information in a distrib-
uted environment.⁴⁴ Another is SRU, a standard search protocol for the 
Web that searches and retrieves through a URI.⁴⁵ Although the develop-
ment of ZING holds the promise of better performance and interoper-
ability, as of this writing it has not been widely adopted. 

The limitations of Z39.50 have encouraged the development of 
alternative solutions to federated searching to improve the way results are 
presented to users. One approach is the XML Gateway (MXG), which 
allows queries in an XML format from a client to generate result sets 
from a server in an XML format.⁴⁶ Another approach used by metasearch 
engines when the database does not support Z39.50 relies on HTTP 
parsing, or “screen scraping.” In this approach, the search retrieves an 
HTML page that is parsed and submitted to the user in the retrieved 
set. Unfortunately, this approach requires a high level of maintenance, as 
the target databases are continually changing and the level of accuracy in 
retrieving content varies among the databases.

⁴²  Tamar Sadeh, “The Challenge of Metasearching,” New World Library 105, nos. 1198–99 
(2004): 104–12. 

⁴³  http://www.loc.gov/z3950/agency/zing/.
⁴⁴  SOAP is a protocol using XML that is used for exchanging structured data in a distributed 

environment. http://www.w3.org/TR/soap12-part1/.
⁴⁵  http://www.loc.gov/standards/sru/. 
⁴⁶  NISO Metasearch Initiative, Standards Committee BC, Task Group 3, Metase-

arch XML Gateway Implementors Guide, July 12, 2005. http://www.niso.
org/standards/resources/MI-MXG_v0_3.pdf. 
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The key to improvement may lie in the implementation of 
multiple protocols rather than a single protocol. As of this writing, some 
vendors are combining Z39.50 and XML Gateway techniques to increase 
the number of “targets,” or servers, that can be queried in a single search.⁴⁷ 

Case Studies

Each instance of data conversion, transformation, metasearching, or 
metadata harvesting will bring its own unique set of issues. Below are 
examples of projects that illustrate the complexities and pitfalls of using 
crosswalks and metadata mapping to convert existing metadata records 
from one schema to another, to enhance existing records, or to support 
cross-collection searching.

Table 3. Methods for Enabling Integrated Access/Cross-Collection Searching

Method Description Examples

Federated searching of physically 
aggregated contributed metadata 
records

Records from various data providers are aggregated in a 
single database, in a single metadata schema (either in the 
form contributed, e.g., in the MARC format, or “massaged” 
by the aggregator into a common schema), and searched in a 
single database with a single protocol. The service provider 
preprocesses the contributed data prior to it being searched 
by users and stores it locally. For records to be added or 
updated, data providers must contribute fresh records, and 
aggregators must batch process and incorporate the new and 
updated records into the union catalog.

Traditional union catalogs such as 
OCLC’s WorldCat and the Online 
Archive of California (OAC); “local” or 
consortial union catalogs such as Ohio-
Link (a consortium of Ohio’s college 
and university libraries and the State 
Library of Ohio) and Melvyl (the catalog 
of the University of California libraries)

Federated searching of physically 
aggregated harvested metadata 
records

Records expressed in a standard metadata schema (e.g., 
Dublin Core) are made available by data providers on 
specially configured servers.  Metadata records are harvested, 
batch processed, and made available by service providers 
from a single database. Metadata records usually contain a 
link back to the original records in their home environment, 
which may be in a different schema than the one used for 
the harvested records. The service provider preprocesses 
the contributed data prior to it being searched by users and 
stores it locally. In order for records to be added or updated, 
data providers must post fresh metadata records, and service 
providers must reharvest, batch process, and integrate the 
new and updated records into the union database.

OAI-harvested union catalogs such as  
the National Science Digital Library 
(NSDL), OAIster, the Sheet Music 
Consortium, and the UIUC Digital 
Gateway to Cultural Heritage Materials

Metasearch of distributed meta-
data records

Diverse databases on diverse platforms with diverse metadata 
schemas are searched in real time via one or more protocols. 
The service provider does not preprocess or store data but 
rather processes data only when a user launches a query. 
Fresh records are always available because searching is in 
real time, in a distributed environment.

Arts and Humanties Data Service, 
Boston College CrossSearch, Cornell 
University Find Articles search service, 
University of Notre Dame Article Quick-
Search, University of Michigan Library 
Quick Search, University of Minnesota 
Libraries MNCAT

⁴⁷  Ex Libris’s MetaLib is one of the products that uses this combined techniques approach.
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Case Study 1: Repurposing Metadata. Links to ONIX metadata 
added to MARC records.

In 2001 a task force was created by the Cataloging and Classification: 
Access and Description Committee, an Association for Library Collec-
tions & Technical Services (ALCTS) committee under the aegis of the 
American Library Association (ALA), to review a standard developed by 
the publishing industry and to evaluate the usefulness of data in records 
produced by publishers to enhance the bibliographic records used by 
libraries. The task force reviewed and analyzed the ONIX (Online Infor-
mation Exchange) element set⁴⁸ and found that some of the metadata 
elements developed to help bookstores increase sales could have value for 
the library user as well.⁴⁹ In response, the Library of Congress directed 
the Bibliographic Enrichment Advisory Team (BEAT) to repurpose data 
values from three metadata elements supplied by publishers in the ONIX 
format—tables of contents, descriptions, and sample texts from published 
books—to enhance the metadata in MARC records for the same works. 
The ONIX metadata is stored on servers at the Library of Congress and is 
accessed via hyperlinks in the corresponding MARC records,⁵⁰ as shown 
in figure 1. In this way, ONIX metadata originally created to manage 
business assets and to provide information to bookstores that would help 
increase book sales has been used to enhance the bibliographic records 
used by libraries to provide information for users so that they can more 
easily evaluate the particular publication.

Lessons Learned 

Consistently recorded, reliable metadata can be reused and combined 
with metadata records that have been created according to different stan-
dards to create richer, more informative information objects. The ONIX 
and MARC standards are created by and serve two different communi-
ties that manage the same resources for different purposes. Librarians are 
becoming aware of the value of information beyond traditional biblio-
graphic description as exemplified by MARC records created according 
to AACR. Individuals seeking information may find it valuable to see 
detailed publisher descriptions that often parallel dust jacket summaries, 
information about an author, and awards given to an author or publica-

⁴⁸  See http://www.editeur.org/onix.html. 
⁴⁹  The full report can be found at http://www.libraries.psu.edu/tas/jca/ccda/tf-onix1.html. 

The crosswalk between ONIX and MARC21 is at http://www.loc.gov/marc/ 
onix2marc.html.

⁵⁰  Information and documentation can be found at http://www.loc.gov/catdir/beat/. The 
announcement of the ONIX project is available at http://www.loc.gov/catdir/beat/ 
beat_report.1.2001.html. 
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tion. With the development of Web 2.0 tools,⁵¹ library catalogs will be 
able to better exploit more recent forms of metadata such as social tagging, 
folksonomies, and user reviews, in addition to the information provided 
by publishers in the ONIX format.

Case Study 2: Conversion and Migration from a Proprietary Schema 
to a Standard Schema. Records for auction catalogs created in 
SCIPIO converted into MARC records.

A special database of auction catalogs for art and rare book sales was 
created in 1980 by the Research Libraries Group (RLG). For this database, 
called SCIPIO (Sales Catalog Index Project Input Online), the museums 
and libraries that were members of the RLG consortium provided records 
for auction catalogs that followed practices that differed significantly 
from the rules used by libraries (AACR); the records were not encoded in 
the MARC format but in a proprietary format optimized specifically for 

 
Figure 1. MARC Record (Brief Display) with Embedded Links to ONIX Metadata  
(Publisher Description and Table of Contents)

⁵¹  See Tim O’Reilly, “What Is Web 2.0: Design Patterns and Busi-
ness Models for the Next Generation of Software.” http://www.oreillynet.
com/pub/a/oreilly/tim/news/2005/09/30/what-is-web-20.html. 
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describing auction catalogs. The SCIPIO Advisory Group met in 1997 to 
form a task force to review RLG’s plan to convert the SCIPIO records for 
auction catalogs to the MARC format.⁵² Converting the SCIPIO records 
to the MARC format would mean that library systems could integrate 
them into their OPACs, making it easier for users to find the auction 
catalogs; many users of the OPACs might not be aware of the separate 
SCIPIO database. The charge of the task force was to review the proposed 
mapping of the metadata elements of the existing auction catalog records 
to the fields (i.e., metadata elements) in the MARC format. Although the 
metadata elements migrated in 1998, SCIPIO’s rules for authority control 
remained unchanged until 2002.⁵³ 

One of the main obstacles to full integration of the auction cata-
logs in the RLIN bibliographic file was the way in which the names of the 
auction houses and the names of sellers had been recorded in the SCIPIO 
records. In the auction catalog database, there was no authority control 
for the names of the individuals, families, or corporate bodies that were 
selling objects through the auction houses. Authority control did exist 
for the names of the auction houses themselves, but these were at a level 
of specificity that did not correspond to the Library of Congress Subject 
Headings (LCSH). Because the titles of auction catalogs tend to be very 
generic (e.g., 18th & 19th Century Furniture, Decorations, Tapestries and 
Carpets), it is necessary to include the most specific name for each auction 
house in order to unambiguously identify a particular auction catalog. 
The practice of the library community, on the other hand, had been to 
conflate the names of the individual auction houses; for example, Sotheby’s 
New York and Sotheby’s Los Angeles had been subsumed as cross-references 
under Sotheby’s in LCSH. This created a problem when the auction catalog 
records were integrated into library catalogs: the headings for auction 
houses found in the auction catalog records that had been migrated from 
SCIPIO did not match the headings in the Library of Congress authority 
records; instead, they corresponded to cross-references. The conflict 
was eventually resolved by updating the equivalent Library of Congress 
authority form to match the SCIPIO headings.⁵⁴

Lessons Learned 

This case illustrates the problems faced when the level of granularity of 
records created according to different schemas is significantly different. 

⁵²  Deborah Kempe, “SCIPIO Art and Rare Books Catalog File: Perspective from a Valued 
User and Contributor,” RLIN Focus 40 (October 1999). http://www.rlg.org/legacy/r-focus/
i40.scipio.html/. 

⁵³  Kay Downey, “SCIPIO Flips to the Library of Congress Name Authority File,” RLIN 
Focus 56 (June 21, 2002). http://www.rlg.org/r-focus/i56.html#scipio/.

⁵⁴  Ibid.
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Even more important, it illustrates the problems that result in mapping 
metadata records that have been created according to different data 
content standards (in this case, “local” rules for SCIPIO, and AACR for 
MARC) and using names and terms taken from different data value stan-
dards (the SCIPIO authority for names of auction houses vs. LCSH; in 
the case of the seller names in the SCIPIO records, no data value standard 
vs. LCSH). In short, metadata elements as well as the values with which 
they are populated present a range of issues related to mapping.

Case Study 3: Transformation of Museum Metadata Records  
to Dublin Core

A pioneering project in metadata for museums, the Consortium for the 
Computer Interchange of Museum Information (CIMI), was founded in 
1990 to promote the creation of standards for sharing cultural informa-
tion electronically.⁵⁵ In 1998 CIMI designed a project to map museum 
data to unqualified Dublin Core.⁵⁶ The main goal of this project was to 
test the efficacy of automating conversion of existing data from museums 
to a more Web-friendly metadata standard, that is, to Dublin Core, with 
as little human intervention as possible. 

The test bed demonstrated the pitfalls of migrating between 
two different metadata standards whose granularity and purposes differ 
significantly. It provided an excellent example of how difficult it is to map 
data that resides in very specific, narrowly defined fields to a schema that 
lacks the same depth and specificity. In some cases, during the mapping 
process, data was mapped to inappropriate elements or duplicated in two 
different elements. For example, since museums record subject informa-
tion in a single field without subfield coding, a string like “baroque dance” 
was mapped to both the Dublin Core coverage.temporal metadata element 
and the Dublin Core coverage.topical element. There are two ways to 
look at this dilemma. The first is that there is not a computer program 
sophisticated enough to be able to deconstruct textual strings into their 
component parts (temporal, topical, and geographic) for migrating to the 
appropriate separate metadata elements in the target schema. The second 
is that migrating the same complex subject strings into separate fields, 
resulting in a duplication of the same data values in more than one meta-

⁵⁵  The CIMI project ceased as of December 15, 2003. The original CIMI Web site and 
documentation are no longer available, but some of the original documentation can 
still be found at http://www.cni.org/pub/CIMI/framework.html; and older documents 
are archived through the WayBackMachine at http://web.archive.org/web/*/http://www 
.cimi.org.

⁵⁶  The Dublin Core element set is NISO standard Z39.85: http://www.niso 
.org/standards/resources/Z39-85.pdf.
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data element, does not necessarily aid the user in finding and retrieving 
content; it does result in what appears to be a “cluttered” record, with 
redundant data values.

Lessons Learned

When moving from a complex, rich metadata scheme to a simple scheme 
that lacks the same degree of granularity, information will inevitably be 
lost. One cannot expect that indexing and retrieval using the simpler 
metadata scheme will be able to reproduce the power and precision of 
the original. The purpose of the metadata scheme to which the data is 
mapped must be judged in its own context: does it serve the new purpose 
(e.g., federation with other resources, harvestability) well, or at least well 
enough?

Case Study 4: Getty Museum, Getty Research Institute, and  
ARTstor. OAI harvesting of cultural heritage metadata and images.

Cataloging Cultural Objects (CCO)⁵⁷ is a data content standard designed 
to provide rules and guidelines for describing cultural materials (including 
art, architecture, and material culture) and their visual (including digital) 
surrogates. CCO was conceived in 1999 and was published as a detailed 
manual, with cataloging examples, in summer 2006 by the American 
Library Association. The need for a transmission standard to express 
and disseminate metadata records informed by the rules in CCO led to 
the creation of the CDWA Lite XML schema, which in turn is based on 
 Categories for the Description of Works of Art.⁵⁸

Lessons learned from the experience of the CIMI testbed and a 
careful analysis carried out by the Getty Research Institute and the J. Paul 
Getty Museum when they were asked to contribute records and images 
to ARTstor⁵⁹ showed that Dublin Core and MODS were not sufficient 
or appropriate schemas for expressing the kind of information that is 
typically recorded by museums and image archives. The Getty proposed 
another approach—development of a community-specific schema based 
on existing best practices and the real-life data that is needed by museums 
and other repositories—that would enhance the process of making the 
existing records from image archive databases and museum collection 

⁵⁷  Documentation is available on the Web on the home page of the project:  
http://www.vraweb.org/ccoweb/. 

⁵⁸  The schema and data dictionary are available at http://www.getty.edu/research/
conducting_research/standards/cdwa/cdwalite.html. 

⁵⁹  See http://www.artstor.org.
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management systems available to a broad audience.⁶⁰ In addition, rather 
than copy image files (in OAI parlance, “resources”) to hard drives or some 
other cumbersome form of delivery, in this project the images related to 
the metadata records were also harvested.⁶¹ 

In 2005–6 the Getty Trust partnered with ARTstor to test the 
efficacy of converting and harvesting metadata records generated from 
existing databases for inclusion in ARTstor’s Image Gallery, using a 
community-specific metadata schema.  The Getty Museum and the Getty 
Research Institute, the data providers, worked with ARTstor, the service 
provider, to develop an XML schema that could be used with  OAI-PMH 
to provide harvestable versions of both metadata records and their 
corresponding images (“resources,” in OAI parlance). The schema that 
was developed, CDWA Lite, is a subset of the full CDWA element set, 
expressed in XML. This “light” version comprises 22 of the more than 300 
elements and subelements that make up Categories for the Description of 
Works of Art (CDWA);⁶² only 9 of the 22 high-level elements are required. 
The objective of the project was to develop a replicable way for museums 
and other holders of visual materials to share the most up-to-date, authori-
tative versions of the descriptive metadata and digital surrogates relating 
to their collections that would be less labor-intensive and repetitive than 
previous consortial methodologies such as the one that had been used by 
AMICO.⁶³ To expedite the process, the schema was optimized to work 
with OAI-PMH, which at the time (and at the time of this writing) was 
the most well tested, reliable protocol for metadata harvesting.⁶⁴ 

⁶⁰  See Murtha Baca, “CCO and CDWA Lite: Complementary Data Content and Data 
Format Standards for Art and Material Culture Information,” in a special issue of the VRA 
Bulletin titled Creating Shareable Metadata:CCO and the Standards Landscape 34, no. 1 
(Spring 2007).

⁶¹  The Open Archives Initiative Object Reuse and Exchange (OAI-ORE) project seeks to 
develop standards and mechanisms for “compound information objects” (e.g., meta-
data records and related “resources” such as digital images) to be expressed, shared, and 
harvested. See http://www.openarchives.org/ore/. 

⁶²  CDWA articulates a conceptual framework, gives a comprehensive list of metadata 
elements, and provides detailed guidelines for describing and accessing information about 
works of art, architecture, other material culture, groups and collections of works, and 
related images. See http://www.getty.edu/research/conducting_research/standards/cdwa/
index.html.  

⁶³  The Art Museum Image Consortium, which ceased operation in June 2005. See http://
www.amico.org/. 

⁶⁴  See Karim B. Boughida, “CDWA Lite for Cataloging Cultural Objects (CCO): A New 
XML Schema for the Cultural Heritage Community,” in Humanities, Computers and 
Cultural Heritage: Proceedings of the XVI International Conference of the Association for 
History and Computing (September 2005) (Amsterdam: Royal Netherlands Academy of Arts 
and Sciences, 2005), pp. 14–17. http://www.knaw.nl/publicaties/pdf/20051064.pdf. 
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Two collections were chosen for the project with ARTstor: records 
of the Getty Museum paintings that are on public display in the galleries 
and records of images of European tapestries in the Photo Study Collec-
tion of the Getty Research Institute. In reviewing their paintings records, 
the Getty Museum made the decision to provide “core” records—that is, 
the minimal amount of data necessary to unambiguously identify those 
works. This decision was informed by the assumption that the inclusion 
of the URL (encoded in the “linkResource” element in the CDWA Lite 
XML schema) to the Getty site in the ARTstor record would link the user 
back to a fuller description of the object, as well as additional historical and 
contextual information and images that had been developed to enhance 
the experience of nonexperts viewing collections objects on the Getty Web 
site. Metadata elements that are typically included in museum collection 
management systems but are not considered “core” and/or are not deemed 
appropriate for display to the public are not part of the XML schema; these 
elements include the exhibition history of the object, the physical location 
of the object in the museum’s galleries, and other administrative or confi-
dential information such as the amount that was paid for the object. Fortu-
nately, the Getty Museum uses CDWA as the basis of the data dictionary 
for its collection management system, a relational database system with 
a built-in thesaurus module. The museum’s in-house cataloging guide-
lines are close to the CCO guidelines, but some of the data needed to be 
massaged during the export process, because most of it had been recorded 
before the publication of CCO. For instance, the object type in the Getty 
Museum system uses the plural form (paintings, not painting) and therefore 
is noncompliant with the CCO standard. A careful analysis of the existing 
data and a good understanding of both the rules for the schema and the 
CCO rules for recording data made it possible in most cases for scripts to 
be written that would make the necessary changes to the data as entered 
during the process of converting the data from its native form in the collec-
tion management system into OAI-harvestable XML records.

Migrating the tapestry records from the Getty Research Insti-
tute’s Photo Study Collection was a more complex process, since the 
records had been created according to a nonstandard, locally developed 
schema that did not conform to CDWA or any other published standard; 
however, many of the elements in the local schema were easily mappable 
to CDWA. The records for the tapestries reside in a flat-file database 
system that offers standard export capabilities and authority control.⁶⁵ 
The working group in this case approached the mapping differently. They 
chose to map as much as possible from the Getty Research Institute’s 
tapestries records into the CDWA Lite schema, whereas the museum 
team chose to map only the core elements. The reason for this is that 
the museum offers very rich information, and often multiple images, on 
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Web pages that are publicly accessible (via the Visible Web), whereas the 
tapestry records and images are only accessible as part of a proprietary 
database that is not indexable by commercial search engines (they are 
hidden in the Deep Web). Thus the staff of the Getty Research Insti-
tute wanted to make available as much information as possible through 
ARTstor (and eventually other service providers), since they realized that 
because their database could not be searched from Google or other search 
engines, many users would not be aware of its existence. Although most 
of the information in the very rich Photo Study Collection records was 
successfully migrated to the CDWA Lite schema, the fact that the more 
than 55 fields in a tapestry record had to be shoehorned into the 22 
CDWA Lite metadata elements necessarily resulted in some of the issues 
described in the preceding case study, and in the list on pages 44–46. 
Values from some fields from the local database (e.g., “Weaving Center”) 
were easily mappable to the appropriate CDWA Lite element (in this 
case, the “creationLocation” attribute of the “Location” element), while 
other local fields (e.g., “Shelf Location”) did not map to any element in 
the schema. It was not deemed necessary to publish this type of detailed 
information in the union catalog environment; part of the thought 
process when mapping metadata for conversion to a standard schema and 
contribution to a federated resource is determining what elements should 
be mapped to the published schema.

Another task that arose in the process of mapping and converting 
both the Getty Museum and the Getty Research Institute Photo Study 
Collection data was the mapping and conversion of diacritics to Unicode 
UTF-8,⁶⁶ which is required by the OAI protocol. 

Lessons Learned  

Consistently recorded, standards-based metadata is much easier to map, 
convert, and disseminate than “proprietary” metadata that does not 
comply with published standards.  Loss of some metadata elements in 
the mapping process is not a problem, especially if the user has the ability 
to link back to the fuller original metadata record in its “home” environ-
ment. Metadata mapping and harvesting gives data providers the option 
to provide leaner or fuller versions of their records to service providers, 

⁶⁵  An unfortunate side effect of publishing metadata records from a database system with 
authority control is that in the process of “flattening out” the interrelated data from the 
original information system to create what is essentially an XML document, the power of 
the authority file is destroyed. In general, only one data value/access point, the preferred or 
display name or term, is encoded in the harvestable metadata record; the additional access 
points provided by variant names or terms, more generic or more specific names or terms, 
etc., are lost.  

⁶⁶  See http://www.unicode.org/versions/Unicode4.0.0/. 
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depending on the nature of their records, how they are made available 
on the data providers’ home sites, and how much or how little data (and 
related resources) the data providers choose to contribute to the union 
environment.

Conclusion

The technological universe of crosswalks, mapping, federated searching of 
heterogeneous databases, and aggregating metadata sets into single reposi-
tories is rapidly changing. Crosswalks and metadata mapping are still at 
the heart of data conversion projects and semantic interoperability, which 
enable searching across heterogeneous resources. Inherently, there will 
always be limitations to crosswalks; there is rarely a one-to-one correspon-
dence between metadata standards, even when one standard is a subset of 
another. Mapping the elements or fields of metadata systems is only one 
piece of the picture. Crosswalks such as SKOS, providing maps of data 
values from various thesauri, taxonomies, and classification schemes will 
further enhance searchers’ ability to retrieve the most precise, relevant 
search results. As the number and size of online resources increase, the 
ability to refine searches and to use controlled vocabularies and thesauri as 
“searching assistants” will become increasingly important.

http://www.getty.edu/research/conducting_research/standards/intrometadata/


