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ABSTRACT

Considering the value of dates in the life cycle of the digital
resource, capturing and storing dates metadata in a
structured way can have a significant impact on information
retrieval. There are a number of format conventions in
common use for encoding the date and time values; the
Extended Date/Time Format (EDTF) is one of the most
expressive. This paper presents results of an exploratory
analysis of representation of dates in over 8 million
metadata records from one of the largest digital
aggregators, Digital Public Library of America (DPLA),
and compares it to EDTF specifications. This benchmark
study provides empirical data — at both the individual
provider level and the group level (content hubs or service
hubs) — about the overall level and patterns of application of
date metadata in DPLA metadata records in relation to
EDTF.
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INTRODUCTION AND BACKGROUND
Arising out of a vision of a United States national digital
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library, Digital Public Library of America (DPLA) which
was launched in April 2013, provides a single platform and
portal for open access digitized cultural heritage if the
Unites States. DPLA not only hosts and preserves digital
information but also provides Application Profile Interfaces
(APIs) and maximally-open data to software developers,
researchers, and others for building discovery tools.
Functioning on a distributed network model, DPLA consists
of a group of national partners providing content and
services and categorized as content hubs and service hubs
(Ma, 2014). Content hubs constitute large libraries,
museums, archives and other digital repositories (e.g.,
ARTSstor, California Digital Library, The U.S. Government
Printing Office, etc.) which provide metadata records which
represent digital objects from their own collections and also
maintain and enhance these records as needed. Service hubs
are state, regional, or other collaborations (e.g., Connecticut
Digital Archive, The Portal to Texas History, etc.) which
bring together digital objects from multiple cultural heritage
institutions and provide metadata records to the DPLA
through a single data feed such as OAI-PMH. The DPLA
data model is based on the Europeana data model and the
Resource Description Framework (RDF) and employs
JavaScript Object Notation-based serialization for Linked
Data (JSON-LD), which is disseminated via API output.
The descriptive metadata standard employed by the DPLA
is the Dublin Core (Mitchell, 2013). Since the primary goal
of DPLA is the compilation of harvested metadata to
augment the discovery of the digital resources, metadata
gathered from providers is stored along with metadata
generated or extracted during the data collection process.
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The metadata aggregated and normalized by DPLA is in the
public domain and can be harvested via the OAI-ORE
standard.

The DPLA, which currently holds over 8 million of unique
metadata records from thousands of cultural heritage
institutions, is a unique source of rich data for research into
metadata quality. One of the areas of metadata quality
which has important implications for information retrieval
is representation of dates. As a number of dates are
associated with events in the life cycle of the digital
resource, capturing and storing date information in a
structured (and machine accessible) way facilitate access
and retrieval of resources. In the DPLA metadata
application profile, Date property is a “recommended”
metadata element — an element that should be included in
metadata record if the information is available (DPLA,
2015a). In the metadata used internally by institutions that
serve as DPLA hubs (e.g., Qualified Dublin Core and local
metadata application profiles based on it, MODS, VRA
Core) it might be common for metadata records to include
more than one instance of a Date element to represent dates
of creation, issuance, maodification, copyright, etc.
However, in the process of normalizing native metadata and
harvesting it from content hubs and service hubs into
DPLA, only one instance of Date element is used — the Date
Created of the Qualified Dublin Core metadata scheme
(DPLA, 2015a).

Although there are a number of date and time format
conventions in common use, the widely adopted best
practice for encoding the date value is defined in a profile
of 1SO 8601 [W3CDTF] and follows the YYYY-MM-DD
format. A number of aggregators such as, for example,
California Digital Library (CDL) develop and apply
normalization protocols to date elements in harvested
metadata to fit the 1SO 8601 standard (Tennant, 2004; Loy
& Landis, 2005). Extended Date/Time format (EDTF)
(http://www.loc.gov/standards/datetime/pre-submission.

html) is a specification by the Library of Congress which
defines the features to be supported in a date/time string and
which are considered useful for a wide range of
applications. EDTF that can be looked upon as a profile of
or an extension to 1SO 8601 international standard aims to
increase consistency in features of 1SO 8601 through
providing a standard syntax for the representation of date
and time. EDTF also includes features which are not
present in 1SO 8601. EDTF structure comprises of three
levels (0-2); level 0 supports basic features while levels 1
and 2 provide more options for flexibility and complexity
while also complying with preceding levels (“EDTF
introduction”, loc.gov, 2012). Tarver and colleagues
(Tarver & Phillips, 2013; Tarver, Waugh, Alemneh, &
Phillips, 2015), analyze importance of dates metadata in
describing serial publications and discuss the advantages
that implementation of EDTF at University of North Texas
(UNT) Libraries provides through the availability of
formats that meets all the date requirements for items in the

organization’s digital collections and whose adoption could
prove to be advantageous for other cultural heritage
institutions through the provision of flexible date/time
formats not provided by other standards. They also note that
the standardization through the usage of EDTF for complex
dates can improve metadata interoperability and result in
complete and consistent information provision to users.

In the DPLA metadata application profile documentation,
EDTF is listed as a suggested syntax schema for a context
class, which contains further information about time spans
referred to by a resource, for two properties: beginning and
ending dates of a time span (DPLA, 2015b, p.16).

A number of research projects have evaluated the quality of
metadata in digital libraries and aggregations of different
size and subject scope which use a variety of metadata
schemes: Dublin Core, MODS, GILS, NSDL, etc. Several
of these research projects, among other metadata analyses,
studied frequency of application of date-related metadata
element (e.g., Bui & Park, 2006; Jackson et al., 2008;
Kurtz, 2010; Park & Maszaros, 2009; Weagley, Gelches, &
Park, 2010; Zeng, Subrahmanyam, & Shreve, 2005). The
findings of these studies show the level of application of
Date element to range between 86% and 100% for different
repositories.

Application of date-related metadata elements has been
considered as one of the indicators of metadata quality. For
example, Jackson and colleagues (2008) found that
metadata creators often erroneously map publication dates
to Dublin Core’s Publisher metadata element or Coverage
metadata element which is intended to hold the dates and
time periods that the information object is about not the
dates related to the lifecycle of information object.
Similarly, Park and Maszaros (2009) observed that
publication dates were erroneously mapped to the
placeName subelement of the origininfo top-level element
of Metadata Object Description Scheme (MODS) metadata
scheme -- instead of the date subelement. These types of
incorrect mappings result in problems with metadata
accuracy which has been identified by various researchers
(Bruce & Hillman, 2004; Moen, Stewart, & McClure, 1998;
Park & Tosaka, 2010; Zavalina, 2011, etc.) as one of the
most important metadata quality criteria. Another metadata
quality problem - directly related to date encoding
standards such as 1ISO 8601 and EDTF — observed with date
metadata (e.g., Barton et al., 2003; Dushay and Hillman,
2003; Shreeves et al., 2003, 2005) is the lack of consistency
in the format of its data value — particularly when, in
addition to the year, the month and/or the day were
involved, as in collections of digitized newspapers, etc.
Often, within the same digital library, some metadata
records were found to use words for month names while
other records used numbers, the order of month and day —
expressed in two-digit numbers each — was found to vary,
sometimes the year was expressed in two digits instead of
four, etc.
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Our review of the literature demonstrates the lack of
empirical studies into metadata quality in digital libraries
with the specific focus on date and time metadata. The
exploratory study reported in this paper is one of the first
attempts to systematically evaluate metadata related to date
and time, and the first one to use a very large aggregator
such as Digital Public Library of America as its target.

METHODS

The research question that guided this exploratory study is:
How are the dates of creation of information objects
represented in metadata records across content hubs and
service hubs of the Digital Public Library of America
(DPLA)? To address the research question, we applied the
exploratory quantitative content analysis research method,
which relied on basic descriptive statistics such as counts,
percentages, etc. Unlike many previous studies of metadata
in large-scale digital libraries that analyzed a sample of
metadata records, the authors of this study took a “big data”
approach that analyzes the whole dataset and therefore
avoids sampling errors and produces statistically-valid
results.  We  used DPLA’s  Bulk  Download
(http://dp.la/info/developers/download/) to harvest the
entire DPLA metadata dataset of over 8 million records in
JSON-LD RDF-based serialization which was then parsed
into individual item records that contained both the original
metadata submitted by DPLA hubs and the normalized
metadata conforming to the DPLA Metadata Application
Profile. Each record was processed to extract the date
values which were then indexed using the Solr full-text
indexer (http://wiki.apache.org/solr) and processed with the
Python  ExtendedDateTimeFormat module  (https:/
github.com/unt-libraries/ExtendedDateTimeFormat).  Our
workflow made use of the statsComponent and built-in
faceting functionality in Solr indexer to work with the 8
million records by aggregating, grouping and performing
statistical methods during this exploration.

FINDINGS

Our analysis revealed that 83% of the 8,012,390 DPLA
metadata records included date information. The percentage
of metadata records that contained date information in the
DPLA dataset varied widely across the DPLA hubs, from as
high as 100% of records to as low as 21% of records.
Comparison of the overall level of inclusion of date
information between the two DPLA hub types demonstrates
no major difference between the content hubs and service
hubs. Content hubs had 83.4% of records with and 16.6%
of records without date information while service hubs had
80.9% with and 19.1% of records without date information.

Our findings also suggest that 51% of the date values were
valid according to the Extended Date/Time Format (EDTF)
specification. We observed a wide variability across DPLA
hubs in proportion of dates that were valid EDTF date
strings, from as high as 100% to as low as 1.8%. As a
group, service hubs exhibited substantially higher
consistency in the percentage of EDTF-valid date strings
than content hubs. All but one service hub had EDTF-valid

date strings in most of populated Date fields in their
records. To the contrary, over a third of content hubs had
non-EDTF-valid date strings in most of their records that
contained Date information.

The vast majority of EDTF-valid date strings in the DPLA
metadata records (99.1%) comply with EDTF Level 0
specification which includes standard dates such as years
(yyyy, as in 1900); years and months (yyyy-mm as in 1900-
03); years, months, and days (yyyy-mm-dd as in 1900-03-
03); full dates with time (yyyy-mm-ddT followed by time
in the format of hh:mm:ss, as in 2014-03-03T13:23:50), and
intervals in which the beginning and ending dates in any of
the above formats are separated by the “/” (e.g., 2004-
02/2014-03-23).

The wuse of Level 1 EDTF features (e.g.,
uncertain/approximate dates, unspecified dates, extended
intervals, years exceeding four digits and seasons) was
much lower overall. It was observed in 2.6% of all
metadata records with EDTF-valid date strings. Most (12
out of 14) of DPLA content hubs and over a half (5 out of
9) of DPLA service hubs were found to make use of Level
1 EDTF features to greater or lesser extent.

The use of Level 2 EDTF features (e.g., partial
uncertain/approximate dates, partial unspecified dates, sets,
multiple dates, masked precision and extensions of the
extended interval, years exceeding four digits, seasons) was
observed in only 0.3% of all metadata records with EDTF-
valid date strings. One service hub and one content hub
make use of Level 2 features, with EDTF-Level2-valid date
strings present in 1.8% and 4.8% of their DPLA metadata
records respectively.

DISCUSSION AND CONCLUSION

Our analysis of over 8 million of Digital Public Library of
America (DPLA) metadata records revealed that slightly
over half of date strings in Date fields are EDTF-valid date
strings, mostly conforming to EDTF Level 0 features. Only
two hubs used EDTF-Level2-valid date strings in a small
percentage of their metadata records. It is worth noting that
date strings created according to some of the common date
formats — 1ISO and W3C - that are widely used both within
and outside metadata creation context (e.g., 1999, or 2000-
04-03) are valid EDTF date strings despite the fact that
these date strings may not have been created with the idea
of supporting EDTF. Many of the “valid EDTF” dates in
the DPLA fall into this category. However, this is an
important finding as it means that institutions or DPLA
hubs that might want to convert date strings in their date
and time metadata to a machine-readable format may
already have large portions of their collections in
conformance with EDTF if they have many dates in the
format that matches the EDTF Level O date format
specifications.

We observed some similarities between the two groups of
DPLA national partners — content hubs and service hubs —
in application of Date metadata. The overall level of use of
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Date element in DPLA metadata records was high and very
similar for content hubs and service hubs. The differences
were observed between two groups in the proportion of
hubs with EDTF-valid date strings conforming to Level 1
EDTF features. EDTF-Levell-valid date strings were
observed in metadata records of a higher proportion of
content hubs.

The date is one of the most important metadata elements
that can influence the full understanding, sharing and use of
digital content. Despite the fact that EDTF is still a
relatively new date specification which has not yet been
formally adopted as either a standard of its own or as an
extension of an existing standard, a number of institutions
and initiatives are interested in using the EDTF
specification as a way of representing complex date strings
found in cultural heritage collections’ metadata records.
Due to exploratory nature of the study reported in this
paper, its limitations include using a single study target
(DPLA) and a single data analysis approach exploratory
content analysis — to address its research questions. Future
studies will need to combine comparative content analysis
date representation in metadata records of multiple similar
aggregators such as DPLA, Europeana, Canadiana, with
analysis of date and time metadata guidelines in hubs’
metadata creation policies and survey of hub
representatives’ opinions about factors affecting their date
metadata creation practices.
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