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4.10.5.3. FORMAT OF LANGUAGE VALUES

Metadata formats frequently indicate that language values should use either a code from a specified standard or a term from
a controlled list. Language values in shared records should appear in a format dictated by the metadata format in use. If it is
possible to specify the controlled vocabulary or encoding scheme in use, data providers should do so.

Two frequently used content standards for language values (both terms and codes) are ISO 639-2— Codes for the Representation
of Names of Languages,” for which the Library of Congress serves as the registration authority, and RFC 3066—Tags for the
Identification of Languages, *' an Internet current best practices document. RFC 3066 facilitates the use of both the original two-
letter ISO 639 (1988) and three-letter ISO 639-2 (1998) codes, which may be especially good for those who have been using the
two-letter language codes.

Note that most service providers have the capacity to expand the codes to the full name of the language. It is not necessary to
provide both the code and the full name.

Following is an example from a MODS record with an encoding standard in use and specified:
<language>

<languageTerm authority="1s0639-2b”
type="code” >eng</languageTerm>

</language>

4.10.5.4. LANGUAGE OF METADATA RECORD

It is a best practice to record the language of the metadata record when the metadata format used provides a specific element or
attribute for this purpose. Do not use a language element that is meant for the resource to include the language of the metadata.

Following is an example from a MODS record:

<recordInfo>
<recordContentSource authority="marcorg” >DLC</recordContentSource>
<recordCreationDate encoding="w3cdtf”>1982-11-08</recordCreationDatex>
<recordChangeDate encoding="w3cdtf”>2002-03-20</recordChangeDate>
<recordIdentifier source="DLC”>30012858</recordIdentifier>

<recordOrigins>Derived from a MARC record using the Library of Congress
stylesheet</recordOrigin>

<languageOfCataloging>
<languageTerm authority="1is0639-2b”>eng</languageTerm>
</languageOfCataloging>

</recordInfo>

4.10.6. GEOGRAPHIC PLACE NAMES IN SHARED RECORDS

Choose geographic place values from relevant controlled vocabularies consistently and explicitly.
Be as specific as possible when a hierarchy or controlled vocabulary indication is not possible.

Place geographic place names or locations in most appropriate elements.

0 http://www.loc.gov/standards/is0639-2/php/code_list.php
SThttp://www.ietf.org/rfc/rfc3066.txt
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4.10.6.1. USE OF GEOGRAPHIC PLACE NAMES

In addition to the guidelines presented in this section, Descriptive Metadata Guidelines for RLG Cultural Materials (RLG 2005)
contains useful advice on use of geographic place names in metadata records.

Geographic place names are extremely useful for both aggregators and users. Geographic place names could be used to
provide alternate, map-based interfaces to aggregated metadata or to provide a faceted analysis of search results. Users will use
geographic place names to find and select appropriate resources. It is a best practice to provide geographic place names from a
controlled vocabulary in designated fields whenever appropriate.

4.10.6.2. SPECIFICITY

In choosing a geographic place name, the most specific place name or location available should be applied. Use of a controlled
vocabulary can assist in providing disambiguated geographic locations. When a controlled vocabulary is not in use or does not
require disambiguation, it is recommended that sufficient context be added to the location to differentiate it from other places with the
same name. It is a best practice, when the controlled vocabulary in use allows, to not use abbreviations for geographic place names.

It is a best practice to apply as many geographic place name terms as necessary to describe the item in question. Unrelated place
name values should be in separate elements.

4.10.6.3. CONTROLLED VOCABULARIES

The best approach for supplying geographic place names or location information is to consistently and explicitly use relevant
controlled vocabularies. The controlled vocabularies chosen (more than one may be used if appropriate) should be relevant to
the resource described and frequently used within the community to which the materials being described would hold the most
interest. Depending on the materials being described, vocabularies such as the Thesaurus of Geographic Names (TGN), the U.S.
Geologic Survey’s Geographic Names Information System (GNIS), or the Alexandria Digital Library (ADL) Gazetteer may be
useful as controlled vocabularies for geographic location information.

It is also worth mentioning that the LCSH contain geographic place name headings. When using a controlled vocabulary like
LCSH, which mixes topical and geographic location terms in a single vocabulary, you should map terms that are unambiguously
geographic in nature (e.g., Calgary (Alta.)) to a geographic place or location field in your metadata format if one exists, while
mapping explicitly topical terms that include geographic subdivisions (e.g., Central business districts--Alberta--Calgary) to a
subject or topical field in your metadata format. If possible you should also map the geographic subdivisions to the geographic
place or location field in your metadata format if one exists. This allows service providers to take better advantage of the
geographic names in their design of the search (or other) service.

4.10.6.4. FORMAT AND ENCODING OF GEOGRAPHIC PLACE NAMES AND LOCATIONS

When using a metadata format that allows repeating elements, each distinct geographic place or set of geographic coordinates
should be placed in its own element. For example, if you are describing a text that discusses both Santa Fe, New Mexico, and
Boise, Idaho, these two distinct locations would be placed in two separate elements, rather than being packed into a single element.

Hierarchies
When encoding hierarchical data, it is recommended to encode the individual components of the hierarchy, if your metadata
format supports this.

MODS is a schema that allows the encoding of hierarchies in geographic places:
<subjects>
<hierarchicalGeographics>
<country>United States</country>
<state>Kansas</state>

<countys>Butler</countys>
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<citysAugusta</city>
</hierarchicalGeographic>
</subject>

When mapping hierarchical geographic elements into a metadata schema that does not support the encoding of hierarchies,
concatenate the components of the hierarchy into a single geographic element. Here is the above example mapped into
unqualified Dublin Core:

<coverage>United States - Kansas - Butler - Augusta</coverage>

Coordinates

Several metadata standards allow the encoding of geographic coordinates. The Dublin Core Metadata Initiative (DCMI) Point
Encoding Scheme provides an alternate strategy for encoding a geographic location as “a point in space using its geographic
coordinates,” as does the DCMI Box Encoding Scheme for encoding a geographic location as “a region in space using its
geographic limits.” MODS provides elements for the encoding of cartographic data, including coordinates, scale, and projection. It
is a best practice to provide geographic coordinates in shared records if expected by the target aggregator or community of practice.

Ideal Practice
Ideally, the metadata format in which shared records are exposed should allow the unambiguous specification of the vocabulary
used as the source for each geographic place name applied to those records.

MODS is an example of a metadata schema with an authority attribute that supports unambiguous specification of controlled
vocabularies used, encoding of geographic hierarchies, and encoding of geographic coordinates. Note that the expression of
geographic place in all of these elements may not be necessary.

<subject authority="1lcsh”>
<geographic>Santa Cruz County (Calif.)</geographics>
</subject>
<subject authority="tgn”>
<hierarchicalGeographics
<continent>North and Central America</continents
<country> United States</country>
<state>California</state>
<countys>Santa Cruz</county>
<city>Santa Cruz</countys
</hierarchicalGeographic>
</subject>
<subject authority="gnis”>
<cartographicss>
<coordinates>36 58 27 N, 122 01 47 W</coordinatess>
</cartographics>

</subject>



DIGITAL LIBRARY FEDERATION

Qualified Dublin Core also allows the specification of controlled vocabularies used:

<dc:subject xsi:type="dcterm:LCSH”>Central business districts--Alberta--
Calgary</dc:subject>

<dcterm:spatial xsi:type="dcterm:LCSH”>Calgary (Alta.)</dcterm:spatials>
<dcterm:spatial xsi:type="dcterm:LCSH”>Alberta</dcterm:spatials>

Good Practice

If limited to unqualified Dublin Core (o0ai_dc) or another metadata format that does not support the explicit specification of the
controlled vocabulary source(s) used to apply each geographic place name, the next best option is to apply terms from a single
standard controlled vocabulary consistently within an OAI set or an entire repository. Specify the vocabulary within the set
description, Identify response, and/or external documentation. See Section 4.9 on documentation of practices.

Unqualified Dublin Core (o0ai_dc) is an example of a metadata format that does not support specification of controlled
vocabularies used:

<dc:coverage>Santa Cruz County (Calif.)</dc:coverage>
Include a note in documentation that controlled vocabulary in use is LCSH.

<dc:coverage>North and Central America--Canada--Quebec--Matapedia, Lac</dc:
coverage>

Include a note in documentation that controlled vocabulary in use is TGN.
<dc:coverage>36 58 27 N, 122 01 47 W</dc:coverage>
Include a note in documentation that encoding scheme in use is GNIS.

Adequate Practice

At minimum, a data provider should use a local vocabulary or list to apply geographic place names in a consistent fashion across
all records in an OA PMH set or repository. Geographic names should be placed in the appropriate geographic element where
one exists.

4.10.7. IDENTIFIERS IN SHARED RECORDS

Include recognized standard identifiers when available.

Include a URI or DOI linking to the resource when available.
Explicitly encode the nature of an identifier provided.

Express multiple identifiers in repeated fields.

4.10.7.1. USE OF IDENTIFIERS

See also Section 4.8, “Linking from a Record to a Resource and Other Linking Issues.”

Identifiers are a way to unambiguously identify a resource. For analog materials, identifiers might be a standard record number
such as an ISBN or ISSN or a classification number. Digital materials may also have an ISBN or ISSN, but they may also have
some sort of standard digital identifier such as a URI (Uniform Resource Identifier) or a DOI (Digital Object Identifier). This
section discusses both analog and digital identifiers.

As discussed in Section 4.8, identifiers can be critical to the discovery of the resources (digital or analog) described by metadata.
An ISBN provides an unambiguous identifier for a specific edition of a monograph and aids the end-user in finding that specific
edition. A DOI will do the same thing for an article in an online journal, for example.
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4.10.7.2. SELECTION OF IDENTIFIERS

When a recognized standard identifier (ISBN, ISSN, DOI, etc.) exists for an item (or for the work of which it is a manifestation),
it is a best practice to include such an identifier in the metadata. This holds for both digital and analog resources. In cases where
no globally recognized standard identifier exists, a local identifier should be included in the metadata.

Ideally the URI or DOI for a digital resource will resolve (i.e., be a URL) to the resource. If the digital identifier does not locate
the digital resource, it is important to provide, in addition to the identifier, a URL (Uniform Resource Locator) that will direct

a user to the resource. In aggregations of metadata describing digital resources, the link between the metadata and the actual
resource is crucial; without it the user will not be able to reach the resource without time-consuming work-arounds, which affects
the credibility of both service providers and data providers.

In many cases, a URL will be the only identifier included in a metadata record. A URL may not actually be the “unambiguous
identifier” for the resource as URLs often change. Furthermore, the URL included in the metadata record may not actually
resolve to the resource itself, but rather to a page with a link to the resource, to a page with the resource and metadata, or to a
collection homepage. For more information about linking to the resource, see Section 4.8.

4.10.7.3. FORMATTING IDENTIFIERS

If using a standard identifier, it is a best practice to format the identifier according to that standard. This is especially true for
identifiers that are meant to be machine processable such as URIs*? and DOIs.™

When using a metadata format that allows explicit coding of the type of identifier, best practice is to code this information,
including information for local identifiers.

Following is an example of coding a standard identifier in qualified Dublin Core:

<dc:identifier xsi:type="dcterms:URI”>http://mathworld.wolfram.com/
</dc:identifiers>

Following is an example of coding a local identifier in MODS:

<mods:identifier displayLabel="IU Archives number” type="local”> P07959
</mods:identifiers>

In general, when using identifiers that are not actionable and cannot be adequately referenced within the metadata itself, it is
useful to provide a prefix. For instance, ISSNs and ISBNs can be prefixed, allowing them to be more easily understood by
humans and machines.

Following is an example in unqualified Dublin Core:
<dc:creators>Ashford, Nicholas</dc:creators>
<dc:date>1994</dc:date>

<dc:identifier>ISBN 92-807-1442-2</dc:identifier>

<dc:title>Government Strategies and Policies for Cleaner Production</dc:title>*

4.10.7.4. MULTIPLE IDENTIFIERS

Multiple identifiers should be included if they will assist a service provider or an end-user in locating the resource described.
However, in the case of digital objects, if the identifiers resolve to multiple versions of the resource, it is important to identify

a single primary identifier that a service provider can label or use as the primary link to the resource. For example, only one
<dc:identifier> element should be included with an actionable identifier (i.e., a URL). Additional <dc : identifier>
elements might be included with a local identifier if it is not actionable (i.e., an end-user cannot click on the identifier to arrive at
the resource). Again see Section 4.8 for a discussion of best practices related to linking to a resource.

52See http://www.ietf.org/rfc/rfc2396.txt and http://www.ietf.org/rfc/rfc2732.txt
33 See http://www.doi.org/handbook_2000/enumeration.html#2.2
5 http://dspace.mit.edu/dspace-oai/request?verb=GetRecord & metadataPrefix=oai_dc&identifier=oai:dspace.mit.edu:1721.1/1560
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4.10.8. RIGHTS STATEMENTS ABOUT RESOURCES IN SHARED RECORDS

Include rights information about a resource in the most granular format possible.

State rights information in plain language intended for the end-user of a resource.
Supply rights over the metadata record only in a metadata element specifically designed for this purpose.

Information about rights associated with resources, particularly digital resources, is an essential component of a shared metadata
record. Users will use rights information to make decisions about which resources they can use and what they can do with the
resources. Service providers may use rights information to filter in or out restricted material.

It is a best practice is to include rights information concerning the use of the resource at the most granular level possible,
preferably in the appropriate field in the metadata record itself, for example, the <dc : right s> element in unqualified Dublin
Core. Other possible locations are within a set description or a repository description. However, there is no guarantee that a
service provider will make use of this information; thus, it may be hidden from an end-user.

Please note that the <right s> container available in the OAI PMH is not for rights pertaining to the resource, but for rights
pertaining to the metadata. See Section 3.11.1, “Best Practices for Expressing Rights over Metadata.”

In general, the audience for rights statements associated with resources is the end-user. Therefore, the information provided
should be as free of legalese and technical jargon as possible. State clearly any restrictions on usage of the digital object,
including explicitly mentioning lack of copyright restrictions when the digital object is in the public domain. Also provide contact
information for end-users who wish to pursue required permissions for publication, exhibit, or other types of dissemination.

For example,

<dc:rights>Materials digitized for The Making of Modern Michigan are either
in the public domain, according to U.S. copyright law, or permission has been
obtained from rights owners. The digital version and supplementary materials
are available for all educational uses worldwide. For further information
contact the MMM project staff (mmm@mail.lib.msu.edu).</dc:rightss>

If you maintain rights information relating to specific digital objects on a Web site or use machine-processable rights information
(such as a Creative Commons license), you may wish to provide a URL in lieu of a textual rights statement. When doing so, you
should provide enough textual explanation, along with the URL, to make the purpose of the URL clear to end-users.

For example,

<dc:title>Activity Patterns of Wild Rabbit (Oryctolagus cuniculus, L.1758),
under Semi-Freedom Conditions, during Autumn and Winter</dc:title>

<dc:identifier>http://www.socpvs.org/wbp/index.php/wbp/article/view/10.2461-
wbp.2005.1.6</dc:identifiers

<dc:rights>Authors who publish research articles in WBP retain copyright over
their work. This secures their “moral right” to safeguard the integrity of
their work and to have the full work referenced whenever all or part of it is
reproduced. By publishing their research in WBP, authors agree to allow free
and unrestricted non-commercial use of the work by others under the terms of
the http://creativecommons.org/licenses/by/2.5/ Creative Commons Attribution
license.</dc:rights>%

5 http://www.socpvs.org/wbp/index.php/wbp/oai/?verb=GetRecord & metadataPrefix=oai_dc&identifier=oaiwbp.socpvs.org:article/7
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4.10.9. TYPES OF RESOURCES IN SHARED RECORDS

Present format and type and/or genre information in all shared records.

Choose type values from relevant controlled vocabularies consistently and explicitly.
Express multiple type terms in repeated fields.

Information about the type and the format of the described resource can be used for searching, presenting, and sorting materials.
Using values from an identified controlled vocabulary greatly increases this potential, allowing service providers to offer
improved search functionality.

There are three basic divisions within this category:

Format — Specifies the physical medium or material of the analog or digital object. For example, the Internet Media (MIME)
Type>® provides standard encodings for different digital formats.

Type — Specifies the characteristics and general type of content of the resource. For example, the DCMI Type Vocabulary®’
provides a list of general types to describe resources.

Genre — Specifies a particular style, form, or content, such as artistic, musical, literary composition, etc. Genre terms are
generally highly structured and specific, like the Thesaurus for Graphic Materials II: Genre and Physical Characteristic Terms
(TGM II).’® More genre sources are listed at the Library of Congress Source Codes for Genre site.”

There is generally some overlap between type and genre; genre may be thought of as a more specific type.

Generally metadata formats have distinct elements for the format (sometimes called physical characteristics) and type. It is a best
practice to provide all three elements when possible and to use a controlled vocabulary whenever possible.

Not all metadata formats have a specific element for genre; notably, in the OAI PMH context, Dublin Core does not. In these
cases it is a best practice to use the type element to record the genre of the resource. For example:

<dc:type>image</dc:type>

<dc:type>still image</dc:type>
<dc:type>Panoramic photographs.</dc:type>
<dc:type>Gelatin silver prints.</dc:type>®

It is a best practice to include the type and genre information that is most likely to aid a user in finding and selecting a resource of
interest. Like dates, type elements, in particular, are often misused in shared records to record information about multiple versions
of a resource. For example,

<dc:title>Letter from Joseph Gales to John McDonogh, March 5, 1830</dc:title>

<dc:description>One-page letter from Gales thanking McDonogh for his check on
behalf of Gerrit Smith.</dc:descriptions

<dc:date>1830-03-05</dc:date>
<dc:language>en</dc:language>
<dc:type>image</dc:type>

<dc:format>jpeg</dc: format>%

¢ http://www.iana.org/assignment/media-types/

7 http://dublincore.org/documents/dcmi-type-vocabulary/

8 http://www.loc.gov/rr/print/tgm2/

* http://www.loc.gov/marc/sourcecode/genre/genresource.html

% http://memory.loc.gov/cgi-bin/oai2_0?verb=GetRecord&metadataPrefix=oai_dc&identifier=oai:local.loc.gov:loc.pnp/pan.6a27910

'The links to the records used as confusing or bad examples are nor provided because the working group did not want to single out particular organizations, but read-
ers should know that these are real examples.
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In this example, while the resource described is a textual object, the type is given as image. This is most likely because the type is
describing the digital object, which is a jpeg, not the physical resource itself. However, if a user, searching for handwritten letters
from a particular period, had narrowed their search to “text,” this record would not have appeared in the search results.

Format elements are also sometimes used to record administrative information that is not useful in a shared record. For example,

<dc:title>Idaho & Washington Northern Railroad and Connections. (1910)
</dc:title>

<dc:type>Maps</dc:type>

<dc:format>0Original maps were scanned in color at 600 dpi on a Microtek 9600XL
scanner and saved as TIFF files. The TIFF files were converted into the MrSID
format at a compression ratio of 12 to 1 using LizardTech’s Geospatial Encoder
1.5 software. These MrSID files were then uploaded into the CONTENTdm database
at the Washington State University Libraries.</dc:format>

<dc:format>image/jpeg</dc: format >®
It is a best practice not to include such administrative information in a shared record.

When using a metadata format that allows repeating elements, place each value in its own element rather than placing multiple
values within a single element.

4.10.10. BIBLIOGRAPHIC CITATIONS IN SHARED RECORDS

Provide a bibliographic citation either to identify the work described in a metadata record or to reference a related work.

Format the bibliographic citation using standards applied in your community of practice.

There are two common instances where a metadata record might include a bibliographic citation:

As an identifier to the work itself
As a reference to another work (which may indicate the place of a work in a hierarchy or may be an unspecified relationship)

A bibliographic citation, particularly in the context of E-print servers and institutional repositories, can provide a user enough
context, for example, to link a prepublication version of a paper to the published version of the paper. Journals that make
metadata about articles available via the OAI PMH should also include a bibliographic citation within each record to provide
important identifying information about the resource.

4.10.10.1. IDENTIFYING THE WORK ITSELF

Many metadata formats have elements to include citation information. In qualified Dublin Core, for example,
<bibliographicCitations> refines the Identifier element. In this case, when attempting to include a citation to the
described work itself, the citation should be in either the <bibliographicCitations> refinement or the Identifier
element, depending on whether the record is simple or qualified Dublin Core. For instance, if the resource is an article for a
journal, it is appropriate to include very specific information about the article, even page references, if such information is used to
cite the article in a standard format for reference by other resources, even if the article being described is in a digital format.

Because Dublin Core elements and refinements are repeatable, it is possible to have a URL and a bibliographic citation in the
same record, each in a distinct Identifier element.

Following are examples in qualified Dublin Core:

<dcterms:bibliographicCitation>ESOP, v.2, no. 1, Apr. 2003, p. 5-8
<dcterms:bibliographicCitation>

<dcterms:bibliographicCitation>Nature, v.87, p. 200
<dcterms:bibliographicCitations

%2 The links to the records used as confusing or bad examples are nor provided because the working group did not want to single out particular organizations, but read-
ers should know that these are real examples.
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Following is an example in MODS:
<titleInfo>
<title>Non-subject-matter Outcomes of Schooling</title>
</titleInfo>
<part>
<detail type="volume”>
<number>99</numbers>
</detail>
<detail type="issue”>
<number>5</numbers>
<caption>no.</caption>
</details>
<extent unit="page”>
<start>131</starts>
<end>146</end>
</extent>
<date encoding="w3cdtf”>1999</date>

</part>

4.10.10.2. IDENTIFYING RELATED WORKS

Bibliographic citations to related works should be in elements that allow the relation of the described work to another work.
When including a citation to a higher level in a hierarchy, make sure the citation is only to that level. For instance, when the
citation is to a journal in which the article appeared, the citation may not include the entire citation to the article (although it may
cite to the issue).

Following are examples in qualified Dublin Core:
<dcterms:isPartOf>ESOP, v.2, no. 1, Apr. 2003</dcterms:isPartOf>

<dcterms:references>Nature, v.87, p. 200<dcterms:referencess>

4.10.10.3. FORMAT OF BIBLIOGRAPHIC CITATIONS

In all cases, best practice is to use a standard citation format, appropriate to the community that will be using the information. If
using Dublin Core, see Apps (2005) for guidelines. Use of particular citation formats can be documented at the repository or set
level —it is not possible to document at the element level. See Section 4.9 for further discussion of documentation.

4.11 BEST PRACTICES FOR TECHNICAL ASPECTS OF METADATA

This section contains information on using XML schemas and namespaces and character encoding issues.
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4.11.1. XML SCHEMAS AND NAMESPACES

Use XML schemas endorsed by relevant communities.

Use XML namespaces when required to validate XML metadata against a given XML schema.

As pointed out in Section 2, “General Areas of Competency,” working knowledge of XML, XML namespaces, and XML
schemas is fundamental to being an OAI PMH data provider. Following are some basic pieces of information important to
providing shareable XML metadata. The NSDL XML FAQ from the Metadata Primer (NSDL 2005), the NSDL’s XML,
Namespaces, and Schemas FAQ,% and the Wikipedia entry on XML are helpful resources for beginners.

4.11.1.1. XML SCHEMAS

XML schemas are a way to indicate the expected structure of XML documents. Using a machine-readable grammar; they allow
for machine validation of the contents of an XML file.

The OAI PMH requires that every OAI PMH response validates against the OAI PMH XML schema at http://www.
openarchives.org/OAI/2.0/OAI-PMH.xsd. Thus, service providers can anticipate the format of the information they will
harvest, and both data and service providers can automatically validate responses against the XML schema to ensure consistency.
Note that the OAI PMH schema deliberately nests multiple XML schemas: a single OAI ListRecords response uses

the OAI PMH XML schema for the OAI response elements, an XML schema for the metadata format of the records, and
additionally, XML schemas for any <about > containers associated with the records.

To reiterate: every OAI response, including every metadata record you provide, must be XML-schema valid. If a particular
metadata record has an element not allowed by the XML schema for its metadata, then that particular record will not be valid. If
a particular record has a bad value according to the XML schema for its metadata, then that record will not be valid. For example,
metadata in the oai_dc format must validate according to the XML schema provided by OAI at http://www.openarchives.
org/OAl/2.0/0ai_dc.xsd, which allows only the fifteen unqualified Dublin Core elements. Additional metadata formats served

by an OAI PMH repository must validate to the XML schema indicated both in the <L.i st Records > responses and in the
<ListMetadataFormats> response. More information about this is included below.

When choosing which XML schema to use for a given metadata format, best practice is to use XML schemas that have been
officially vetted by specific communities, governing agencies, etc. A benefit is that the schema will have been thoroughly tested
for completeness, errors, and compliance with related standards. This is demonstrable through the widespread use of the schema
by other users in a given community. See Section 4.5, “Potential Metadata Formats for Use with OAI PMH” for some metadata
formats with official XML schemas.

In instances where no officially vetted XML schema exists, providers may opt to generate their own. Of course, the XML schema
itself must validate. It is also a requirement for the XML schema creator to make the schema persistent and accessible online so
that documents bound to the specification can be effectively validated. Any new version of the schema should replace the older
version at the same location and be backwards compatible whenever possible. The older version should be archived. It is also
advisable for schema creators to generate crosswalks that can effectively orient other users to given concepts and data elements
extant in related metadata formats.

As far as possible, the data provider should utilize an existing XML schema. If the data provider needs additional elements, it
should develop a schema. This new XML schema should refer to appropriate namespaces when using concepts from existing
schemas. For example, if the schema is a profile of the Dublin Core element set with two additional elements, all elements
referring to the Dublin Core concepts should be labeled with the appropriate Dublin Core namespaces.

More information on XML schemas can be found from these general resources:

The XML Schema Primer — http://www.w3.org/TR/xmlschema-0/
The XML Schema Specification — http://www.w3.org/XML/Schema

% http://metamanagement.comm.nsdlib.org/NSDL_XML_FAQ.html
% http://en.wikipedia.org/wiki/Xml
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The XML schema validation of an XML document (including an XML schema itself) can be tested with a variety of XML
schema tools, including the following:

The online W3C Schema validator — XS V- http://www.w3.0rg/2001/03/webdata/xsv W3C Schema validator
A variety of tools are listed at the XML Schema page — http://www.w3.org/XML/Schema

4.11.1.2. XML NAMESPACES

XML namespaces serve as mechanisms to contextualize or scope information in XML instance documents. For example, in

a registrar’s office, <pass> in an XML document may mean a student succeeded in a course, while <pass> in an XML
document about soccer may mean one player has sent the ball to another player. XML namespaces prevent “name collision” —
when a single name has an ambiguous meaning because it means different things in different contexts. XML namespaces are used
to disambiguate XML information, such as XML element or attribute names.

XML namespaces must be a valid URL. However, there is no requirement that a namespace URI be resolvable: many XML
namespace URIs will return nothing if used as URLs in a Web browser, even though they use the http: URI scheme.

XML namespace declarations assign URIs to XML namespaces. Let’s examine the following XML document:

<oail dc:dc
xmlns:oai dc="http://www.openarchives.org/OAI/2.0/ocai dc/”
xmlns:dc="http://purl.org/dc/elements/1.1/">

<dc:title>NSDL Metadata Primer</dc:titles

</oai _dc:dc>

2

There are two namespaces and two elements in the example. The two namespaces are declared with the “xmlns:o0ai dc
and “xmlns : dc” attributes of the outer element. “xmlns” indicates an XML namespace declaration (“XML namespace” =
xmlns). The attribute name characters after “xmlns :” are the XML namespace prefix that will be used to indicate this namespace
in qualified names in the XML document. The value of the xmlns attribute is the URI for the namespace. Note that the oai_dc
namespace URI, http://www.openarchives.org/OAl/2.0/oai_dc/, is a URL, but does not resolve to anything if it is entered into

a Web browser. However, this URL is clearly in the domain of the Open Archives Initiative, which provides the definition for the
XML elements in the namespace. Thus, the namespace is associated with the organization responsible for setting the scope of the
namespace, but in this case, it does not resolve to anything. The namespace declaration xmlns :dc="http://purl.org/
dc/elements/1.1/” assigns the URI http://purl.org/dc/elements/1.1/ to the “dc” namespace prefix.

XML namespace prefixes are used in a qualified name: the characters before the colon in a qualified name are the element’s
“namespace prefix,” while the characters after the colon are the “local name” for the element. In our example, the outer element’s
qualified name is “oai_dc:dc”; it has local name “dc” and is scoped to the namespace URI indicated by the namespace prefix
“oai_dc”. The inner element’s qualified name is “dc:title”; it has local name “title” and is scoped to the namespace URI indicated
by the namespace prefix “dc.” Note that the “dc” before the colon in “dc:title” refers to a namespace URI, while the “dc” in
“oai_dc:dc”, since it is after the colon, is the local name.

XML requires that you have an XML namespace declaration for each namespace prefix you use in your XML. The OAI PMH
requires the use of namespaces and, hence, their declaration in your served XML. Further, most XSLT engines require strict
adherence to XML namespaces.

There can be any number of XML schemas for a single namespace. One of the reasons it is suggested that namespaces be assigned
in a domain controlled by the issuing organization is to encourage all schemas written for that format to adhere to the same concept
of the format. For example, the Dublin Core Metadata Initiative provides documentation on usage for simple and for qualified
Dublin Core at http://dublincore.org/documents/usageguide/. It also provides sample XML schemas for each, but organizations
may use their own XML schemas for qualified Dublin Core, as does the National Science Digital Library, for example.
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Default namespace declarations have a null namespace prefix. These namespace declarations look like this:
<dc xmlns="http://www.openarchives.org/OAI/2.0/0ai _dc/" >

<title xmlns="http://purl.org/dc/elements/1.1/” >NSDL Metadata Primer
</title>

</dc>

Note that the two examples above are semantically the same: they have the same locally named elements, scoped to the same
namespace URIs, and contain the same values. The fact that different namespace prefixes are used in the second example is NOT
a semantic difference in XML.

If you use the null namespace prefix, the OAI PMH requires that you must have a default XML namespace declaration to indicate
the appropriate namespace URI.

The second example above declares a second default namespace declaration in the <t 1t 1e> element. This illustrates that XML
namespace declarations have a scope within the XML document: each XML namespace declaration (default or not) pertains to
the element in which it is declared and all that element’s children, unless it is superseded by a namespace declaration for the same
prefix in one of its descendants. In our second example, the default namespace URI is http://www.openarchives.org/OAI/2.0/
oai_dc/ for the outer element, but the <t 1t 1e> element overrides the default namespace, declaring it to be URI “http://purl.
org/dc/elements/1.1/” —which is true for the <t it le> element and all of the <t 1t 1e> element’s children. However, the
closing tag < /dc > is again using the default namespace URI of http://www.openarchives.org/OAI/2.0/0ai_dc/ because we are
no longer in the <t 1t le> child element or any of its descendants. Thus, the </dc> tag is correctly parsed as the closing tag
for the first <dc > tag.

More information on XML namespaces can be found from these general resources:

xml.com’s “XML Namespaces by Example” — http://www.xml.com/pub/a/1999/01/namespaces.html
Ronald Bourret’s XML Namespaces FAQ — http://www.rpbourret.com/xml/NamespacesFAQ.htm
Wikipedia entry on XML namespaces — http://en.wikipedia.org/wiki/’XML_namespace

World Wide Web Consortium’s “Namespaces in XML” — http://www.w3.org/TR/REC-xml-names/

Jenni Tennison’s “Handling Namespaces” for XSLT — http://www.jenitennison.com/xslt/namespaces.html

XML Namespaces by James Clark — http://www.jclark.com/xml/xmIns.htm

4.11.1.3. BINDING XML SCHEMAS TO NAMESPACES

XML namespaces are additionally used as part of the mechanism to bind XML instance documents to particular XML schemas.
Note that there is no XML schema indicated for either of the two examples above.

XML schemas are actual documents, not abstract concepts (such as namespace URIs), so XML schema locations are

indicated with URLSs that resolve to an actual XML schema document. The location for an XML schema is indicated with the
schemaLocat ion attribute, which resides in the schema instance namespace (see http://www.w3.org/TR/xmlschema-
0/#ref40). It is conventional to use “xsi” as the namespace prefix for the schema instance namespace, so the qualified name of

the attribute is Xxsi : schemaLocation. Do not forget to properly declare the namespace URI for the “xsi” prefix with a
namespace declaration: xmlns :xsi="http://www.w3.0rg/2001/XMLSchema-instance”. The value of xs1 :
schemaLocation should be the namespace URI followed by a blank, followed by the URL for the appropriate XML schema
for the indicated namespace. The following is one way to correctly indicate the OAI PMH schema in an OAI PMH response:

<OATI -PMH

xmlns="http://www.openarchives.org/OAI/2.0/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
Xsi:schemalocation="http://www.openarchives.org/OAI/2.0/ http://www.
openarchives.org/OAI/2.0/0OAI-PMH.xsd"” >

xml body
</OAI-PMH>
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Following is an example taken from the OAI PMH specification. In this example, the namespace is http://www.openarchives.
org/OAI/2.0/0ai_dc/, and the XML schema’s URL is http://www.openarchives.org/OAl/2.0/o0ai_dc.xsd.

<oai dc:dc

xmlns:oai de="http://www.openarchives.org/OAI/2.0/0ai dc/”
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemalLocation="http://www.openarchives.org/OAI/2.0/cai dc/
http://www.openarchives.org/OAI/2.0/0ai_dc.xsd” >

<dc:publisher>Los Alamos arXiv</dc:publishers>

<dc:rights>Metadata may be used without restrictions as long as the oai
identifier remains attached to it.</dc:rightss>

</oai dc:dc>

As another example, the XML schema at http://ns.nsdl.org/schemas/nsdl_dc/nsdl_dc_v1.02.xsd for the namespace “http://
ns.nsdl.org/nsdl_dc_v1.02/” would be indicated like this:

<nsdl dc:nsdl _dc

xmlns:nsdl dc="http://ns.nsdl.org/nsdl dc v1.02/
xsi:schemalocation="http://ns.nsdl.org/nsdl dc v1.02/
http://ns.nsdl.org/schemas/nsdl dc/nsdl dc v1.02.xsd”>

4.11.1.4. HOW TO INDICATE XML NAMESPACES AND SCHEMAS IN OAI
REQUESTS AND RESPONSES

OAI Metadata Prefix

A namespace prefix in XML associates a local name with the appropriate namespace declaration and therefore the URI for the
namespace scoping the name. For example, <oai dc:dc> has “oai_dc” as a namespace prefix, which indicates “dc” is scoped
to the namespace URI indicated in the namespace declaration “xmlns:oai_dc=. . .” on the nearest ancestor element.

A metadata prefix in the OAI PMH is the string used to uniquely identify a particular metadata format for an OAI repository.
metadataPrefix is a required argument for Li stRecords, GetRecord, and List Identifiers requests. An
OAI repository’s mappings from metadata prefixes to metadata namespace URIs and their XML schemas are exposed via
ListMetadataFormats. This is explained in Section 3.4 of the OAI PMH specification.®

While the OAI PMH reserves “oai_dc” as a metadata prefix, no XML namespace prefixes are dictated in OAI PMH. In fact, the
OAI PMH metadata prefix and the XML namespace prefix in the OAI response may differ; however, it is strongly recommended
that the same characters be used in both contexts.

ListMetadataFormats

Every metadata format served by an OAI repository must have a namespace URI and an XML schema. These are exposed with
ListMetadataFormats responses. This is explained in Section 4.4 of the OAI PMH specification.®

What follows is an example response for an OAI server providing two metadata formats: the required oai_dc, and the NSDL’s
version of qualified Dublin Core.

<OATI-PMH

xmlns="http://www.openarchives.org/OAI/2.0/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
Xsi:schemalocation="http://www.openarchives.org/OAI/2.0/
http://www.openarchives.org/OAI/2.0/0AI-PMH.xsd"” >

<regponseDate>2006-02-08T14:27:19Z</responseDate>

% http://www.openarchives.org/OAl/openarchivesprotocol. html#MetadataNamespaces
 http://www.openarchives.org/OAl/openarchivesprotocol. html#ListMetadataFormats
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<request verb="ListMetadataFormats”shttp://services.nsdl.org:8080/
nsdloai/OAI</request>

<ListMetadataFormats>
<metadataFormat>
<metadataPrefix>oai dc</metadataPrefix>

<schema>http://www.openarchives.org/OAI/2.0/0ai dc.xsd
</schema>

<metadataNamespace>http://www.openarchives.org/OAI/2.0/cai dc/
</metadataNamespace>

</metadataFormat>
<metadataFormat>
<metadataPrefix>nsdl dc</metadataPrefix>

<schemas>http://ns.nsdl.org/schemas/nsdl dc/nsdl_dc v1.02.xsd
</schema>

<metadataNamespaces>http://ns.nsdl.org/nsdl dc v1.02/
</metadataNamespace>

</metadataFormat>
</ListMetadataFormatss>
</OAI-PMH>

The <metadataPrefix> element nested within each <metadataFormat > element must contain the metadata prefix
string used to identify this format in OAI requests. It is strongly recommended that this string be the same as the XML namespace
prefix used for the namespace URI in XML metadata records.

The <schema> element nested within each <metadataFormat > container must contain the URL for the schema
document to be used to validate the XML metadata records, and the <metadataNamespace> element must contain the
namespace URI for the metadata format.

4.11.2. CHARACTER ENCODING ISSUES

Specify the UTF-8 character encoding within the XML declaration.

Ensure all encodings within an OAI record are valid UTF-8.
Use hexadecimal or decimal numerical entities instead of named entities (except for &amp; &lt; &gt; &quot; &apos;).
Escape required characters within URLSs.

Proper character encoding is essential in XML. Because XML is meant as an interchange format, a given XML document (such
as an OAI PMH metadata record) may be opened in many different environments, platforms, etc., each of which may have its
own distinct preferences for character encoding. If a default character encoding is not specified by an XML instance, the intended
encoding may be lost when used in other environments, often rendering the instance impossible to validate. In less extreme
situations, diacritics or references to non-Latin characters may be corrupted.
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4.11.2.1. COMMON PITFALLS - XML DECLARATION

Perhaps the most common pitfall with character encoding within XML is not correctly specifying the encoding with the
XML declaration. The XML declaration should be the first line of any XML instance document, and it has the standard form,

many different Unicode, standard, and proprietary encoding or codepage values. Following are examples:

<?xml version="1.0" encoding="UTF-8"7?>

Used for a variable-length 8-bit Unicode encoding
<?xml version="1.0" encoding="IS0O-8859-1"7>
Used for a Latin-1 single 8-bit encoding

<?xml version="1.0" encoding="windows-1252"7?>

Used for an MS Windows-specific encoding
The OAI PMH requires the use of UTF-8 encoding for all instances, and so all OAI responses must start with the UTF-8
declaration above. UTF-8 is the default encoding for XML, and most modern XML authoring tools will automatically encode
new XML instances in UTF-8. However, this is not always the case, and it is not uncommon for an encoder to erroneously use a

different encoding scheme when entering diacritics, symbols, and the like because the software is utilizing a different encoding.
Always be sure that the XML encoding is set to UTF-8.

There are good links to further documentation for UTF-8 and the Unicode standard at http://www.utf-8.com/.

4.11.2.2. COMMON PITFALLS - USE OF CHARACTER ENTITIES

Characters (or code points in Unicode terminology) outside the simple ASCII range 32-127 (&#x20; to &#x7F;) must either be
encoded as multibyte UTF-8 sequences or use numerical entities. In environments that do not natively support UTF-8, it is often
easier to use numerical entities. This choice should make no difference to harvesters and service providers because XML parsers
accept the two forms interchangeably.

Another common pitfall is for encoders to insert characters such as diacritics and symbols into XML instances using named
entities. For example, to use an “a” with an acute accent (4) in an instance, XML allows the use of

hexadecimal numerical entities (&#xE1; for a-acute)

decimal numerical entities (&#225; for a-acute)

named entities (&aacute; for a-acute)—not recommended
The use of named entities will not work for XML schema validated instances used within the OAI PMH. This is because XML
schema do not allow for DTD-style entity specifications internal or external to an XML instance. The exceptions are the five
named entities that are recognized by XML authoring tools and parsers:

&amp; = & (ampersand)

&lt; = < (left angle bracket, less-than sign)

&gt; = > (right angle bracket, greater-than sign)

&quot; = ““ (quotation mark)

&apos; = © (apostrophe)
There are some subtleties as to when the characters > and ‘ need to be encoded as entities. However, in situations other than

in XML markup, it is always safe to encode all five characters using the named entities, and this practice is recommended. For
gruesome details, see: http://www.w3.org/TR/2004/REC-xml-20040204/#syntax.
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It is advisable to use hexadecimal numerical character entities only when the necessary characters cannot be graphically
represented within UTF-8 encoding by authoring software. Most operating systems and file systems will support UTF-8
encoding, and most characters and common scientific symbols from any language or discipline can be supported in modern
systems and software. Therefore, in reference to the above example using the a-acute, it is recommended to simply enter a “What
You See Is What You Get” UTF-8 encoded a-acute directly into the instance using an editor that is UTF-8 aware. However,
beware of problems transferring data across operating systems and programs, which may corrupt encoding. We recommend
checking the actual XML responses served by your data provider for proper encoding of non-ASCII characters.

4.11.2.3. COMMON PITFALLS — ENCODING URLS INSIDE XML INSTANCES

HTTP (Hypertext Transfer Protocol) URLs make heavy use of characters that often prove problematic for inclusion in XML
without escaping. Characters such as ampersands, which HTTP GET URLs use to separate parameter values sent to a Web server,
should be escaped in URLSs referenced by XML metadata instances. For instance, consider the following URL used inside a
Dublin Core Identifier element:

<dc:identifier> http://www.ideals.uiuc.edu/dspace-oai/request?verb=ListRecords&
metadataPrefix=oai dc </dc:identifiers>

Running this fragment through an XML parser would result in an error, because the parser would see:
&metadataPrefix=oai dc

as a malformed entity reference. (Notice the beginning ampersand and the lack of a trailing semicolon.) Remember, XML entity
references have the syntax &{variousCharacters}; . The above fragment begins with an ampersand, thus the parser expects an
entity. Because the parser thinks the entity reference is lacking the closing semicolon, it returns an error. To get around this, the
ampersand must be represented as the entity &amp; as in the following example:

<dc:identifier> http://ideals.uiuc.edu/dspace-oai/request=ListRecords&amp;metad
ataPrefix=oai dc </dc:identifier>

When the XML parser receives the &amp; entity, it translates it back into an ampersand (&) in the text of the dc: identifier,
which will successfully parse and can be used to issue the HTTP request. Note that it is not correct to URL-encode the ampersand
as %?26; although this will pass through XML parsers correctly, it will invalidate the HTTP GET request. The verb parameter in
the example above would be interpreted to have the value ListRecordsé&metadataPrefix=oai dc instead of there
being two parameters, verb, and metadata prefix.

Escaping the characters & < > “ and ‘ must be performed in addition to any URL escaping necessary to build a valid URL (e.g.,
replacing spaces with %?20, or ampersands that do not separate parameters with %?26). This is sometimes referred to as “double
escaping,” but, in fact, all URL-escape characters (which have the form %XX, where X is a hexadecimal digit) will be unaffected
by subsequent XML escaping.

4.11.2.4. AVOIDING COMMON PITFALLS

Based on the discussion above, there are several things that data providers can do to avoid character encoding problems:

Use an editor that supports UTF-8 encoding.

Make sure you know that it is using UTF-8.

Use the UTF-8 encoding attribute in your XML documents.

Use UTF-8 character representations versus character entities when possible.

Escape problematic characters in complex URLs.
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4.12. FINAL PREPARATIONS

Once you have implemented an OAI data provider, it is useful to test the shareability of your metadata—in terms of both its
content and technical fitness:

Look at the metadata that is exposed via your OAI PMH data provider. Issue a ListRecords request for each of your
sets or for your repository. This can be done through a Web browser. Is the harvest successful? Sometimes harvests will fail
because of a character encoding or XML-related issue.

If the harvest is successful, look at both the oai_dc records and records in other metadata formats. Does the record appropri-
ately describe the resource and give enough context for a user not familiar with it to know what is being described?

Ask someone not familiar with the resource or the collection to tell you what the resource is, based on the metadata.

Run the harvested metadata through an XML-validating service. This process should highlight technical problems with
the metadata.

Look at service providers’ sites that you would like to have harvest your metadata. Service providers often will have documen-
tation about what they would like to see included in the metadata they harvest and what they need to support the functionality
of their service.

Ask if a service provider will conduct a test harvest on your site before you submit it to the Open Archives Initiative registra-
tion service.” Some service providers will do a test harvest on your site and give you feedback about technical problems with
metadata (validation issues in particular).

Data providers that do these checks and adhere as much as possible to the best practices presented here should have good quality,
shareable metadata that will be useful to service providers and ultimately end-users.

" http://www.openarchives.org/data/registerasprovider.html
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