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Section |. INTRODUCTION AND RESEARCH

1. INTRODUCTION

Over the past decade there has beemendous growth in the number of digitization projects
initiated by cultural heritageorganizations. These organizations have long been the stewards
of our creative and scientific outputs and have biading advantage of digital technologiés
make theircontent broadly available.

In 2010,0CLC Research executed a sunafy169 institutions about theispecial collections as

a followrup to the survey of special collections executed by the Association of Researchesibrar
(ARL) in 1998(one outcome Bthat earliersurvey was avebpageon the ARL website

highlighting the unique role of special collectict)s The institutions surveyedby OCLC
Researchncluded members of the following organizations:

Asscaiation of Research Libraries (ARL)
Canadiamssociationof Researclhibraries (CARL)
Independent Research Libraries Association (IRL
Oberlin Group

RLG Partnership (U.S. and Canada)

Of those institutions surveyed by OCLC Reseaitl2010,minety-sevenpercent (97%Mhave
completed one or more digitization projects and/or have an active progeam

100%
90% 78%
80%
70%
60% 52% 50%
50%
40%
30% 21%
0,
10% %
0%
One or more Active program Active library- Can undertake No projects done
projects within special  wide program projects only with yet
completed collections that includes special funding
special
collections

Figure 1: OCLC Survey Resultsd Digitization Activity (Dooley, 2010, p. 54)

Digitization has long been associated with preservatisit is one tool an archivist can use to
preserve fragile contentT he Society for American Archivists teaches an entire course on

1 http://www.arl.org/rtl/speccoll/

2Dool ey, Jackie M. and Katherine Luce. 0Taktingn®Ouand®PuAsehi Toe. ®CLCCIRE sRas e
Dublin, Ohio: 2010. Available atitp://www.oclc.org/research/publications/library/2010/2010-11.pdfand last accessed on Mar 31, 2011.
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digitization for Preservatior® and in 2004 the ARL Preservation of Research Library
Materials Committee &ammingSidtaance dsa&reseeguanr t on 0
Formatting Method. 46 The widespread adaion of network technologies and the digitization

of a diverse array of primary and secondary materials have opened to scholars, researchers and
students unprecedented access to a vast array of materials vitas to advancement of the
humanities. The broadem access that robust networks and digitization have enabled has
strengthened enormously the prospects for continued robust advancement of the humanities
which rely so heavily upon access to a diverse and rich array of materials from the past. This
essenal access is threatened as the corpus of digitized materials grows, and this significant new
risk stems directly from the special vulnerability of digital objects. Unlike physical objjects

books, letters, or manuscrigiswhich under reasonable conditionarclast for many decades

with only minimal attention, digital objects are extremely short lived unless intensive
preservation attention is routinely providedt is beginning to beunderstood that the

substantial investment cultural heritage organizatioaie making in creating digital collections
mustbe met with a commitment and infrastructure to protect this content for its lifetirker
example, JISCan organization that inspires UK colleges and universities in the innovative use

of digital technologes now requireghe digitization projects it funds to develop a preservation

plan for the digitized content.

PORTICO RESEARCH

In one response to this need to develop models of digital preservation, the NEH and IMLS

awarded a grant to Portican partnership with Cornell University Library, through the

0Advancing Knowledge: The | MLS/ NEH Digital Partn
practical model for how preservation can be accomplished for digitized books. Thtiisgh

initiative andother efforts Porticohad the opportunity to discuss digital collections and their

long-term preservation with 27 cultural heritage organizationi addition, Cornell University

Library provided significant samples of content to analyze. Out of this research and the

extensve experience in preservation at both Portico and Cornell University Library, we

devel oped a model for the pr docwenent dtkieddn dafgidiadi t i
content at cultural heritage organizations.

3 http://www?2.archivists.org/dae/university-of-michigan/digitization-for-preservation

4 http://ww_w.arl.org/bm~doc/digi_preserv.pdf
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2. ARE THE STEPS WERE TAKING TO SAFEGUARD OUR
CONTENT SUFFICIENT ?

Cultural heritage organizations may find themselves contemplating their digital collections and
wonderingif their content is protected right now. This highevel consideratiormanifests itself
through questions like the following:

\\
‘ The IT department backs up the server, isn't that sufficient?

\
‘ We make a tape backup every 3 months, are we covered?
\

‘The high resolution master files a

Il
‘ Can we keep this collection safe without preserving it?

/
’What wi || make this digital coll ecti
7

Thereareno singleanswes to the questiongposed aboveRatheranswers are dependent upon
the needs of the collection, the content ownéing, usersand the cultural heritage organization
However, these questions are an excellent pladgetginconsideringshort- andlong-term

digital preservatiomeeds and options.

W HAT ARE THE PROTECTION AND PRESERVATION CHOICES?

The methods a gardener uses to 'preserve’ strawberries for the coming winter months are quite
different from those a plant biologist uses to save specimens for study oveoithiag decades.

So, too, the methods used to protect content for use in the-tezar differ from those used to
preserve content over thieng-term.

_ o Full Managed

Long-Tferm
Procetion

: NearTerm Mid-Term

Figure 2: Protection and Preservation Continuum
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The options for préecting access to digital content can be placed along a continuuntigee
2: Protection and Preservation Contiabanwe) that concludes in full digital preservation and
long-term protection of access to conten

Backup provides nearterm protection : Backup whencontent is copied and stored in

multiple locations to create readily available data replacements in case of equipment failure or
other catastroph® haslong been understood to be a requirement for pratecof nearterm

data access. Itis ingpative for business continuitgnd it is necessary to ensure that access to
content in the neaterm will not be interruptedfor any length of time. A wellmanaged backup
system can help quickly resolve problemish content encountered this week, or next week, or
next month, but not over théong-term. Backup is typically implemented with commercial
software that allows users to retrieve files backed up at specific points in time. Very often,
content may only b retrieved via the software with which it was originally backed up. If special
software or hardware is required to access the content and if it has been compressed via a
proprietary technology, the longerm future accessibility and authenticity of therdenti key
goals of digital preservatidin cannotbe assured.

Byte Replication provides mid-term protection : Byte replicationis a process whereby

identical, multiple copies of files, file systems, or websites are creatercopiegnay be

written to other online computers or to offline media. These replicas are typically held in

diverse geographic locations and specialized software is not needed to access the content. This
diversity in copies and location, together with the lack of reliance on softveaisyres that byte
replicas should provide content that is authentic and usable for as long as the file formats
remainusable However, simple byte replication includes no provision for ensuring the content
is usable when the file formats are no longerrent, nor is there any inherent provision for
ensuring that the content remains discoverable. For example, if a sefeokfiles are byte
replicatedwithout accessible bibliographic information describing the intellectual content of the
replica, here is no guarantee that an end user in the future will be able to find the specific article
he or she needs.

Full Managed Digital Preservation : Digital preservation is the series of management policies
and activities necessary to ensure the enduringpiitg, authenticity, discoverability and
accessibility of content over the velgng-term. The key goals of digital preservation include:

usability the intellectual content of the item must remain usable via the delivery
mechanisnof current technology

discoverability the content must have logical bibliographic metadata so that the content ¢
be found by end users through time

authenticity the provenance of the content must be proven and the content an authen
replica of the originahs deposited
acessibility the content must be available for use to the appropriate community
Introduction and Research Are the steps wedre ta

sufficient?
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In order to successfully perform full managed digital preservatisrdefined aboyan
organization must meet the following requirements

A mission to carry out preservatigi as noted in the CLIR surve¥:-Journal Archiving
Metes and Bounds: A Survey of the Lapthefirst indicator of an archivingmrg r a mé s
reliability is that it chave both an explicit msion and the necessary mandate to perform
long-termé a r c kB Tha nmisgion creates an environment conducive to the
specialized planning and infrastructure needed to support digital preservation.

A sustainable economic model to suppitie preservation activities over the identified
lifetime of each digital collectian

Clear legal rights to preserve the content.

A relationship with the content vider or copyright owneras it is often necessary to
discuss the content and what presation actions are appropriate to be taken on it with
the copyright owner.

Relationships with the users of the content, such that the cultural heritage organization
can ensure it is meeting the needstsfusers.

A preservation strategy consistent withelt practices and a technological infrastructure
able to support the selected preservation strategy.

Transparency about the organizationds preser\
content.

It is worth noting that backup and byte replication arequired elements dbng-term
preservation and thus are appropriate first steps in protecting contenlofug-term access
through preservation.

W HAT IS THE RIGHT CHOICE?

For an organization that is only beginning to contemplate and plan for iegn digital
preservation, it is often best to take an incremental, siége approach. Theost important
initial measures include:

1. Locate all the content: It is common for content to be widely dispersed at cultural
heritage organizations, with the master copf/the metadata located in one place, the
high resolutionmaster files in another place, and both separated from the derived
copies of the metadata and contentdii@hichtypically live together in a repository

system).
5Kenney, Anne R., Richard Entlich, Peter -Burnalhichiving MetesdBouongs: ASurveylofGover n and E
the Landscape. 6 Council on Li br aC(g00&.Adailabledt or mat i on Resources: Washington,

http://www.clir.ora/pubs/reports/pub138/pub138.pdf and last accessed on Mar 31, 2011.
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Initiate reqular backups : Once #l the content has been identified atatations
documented, organizatiorghouldensure that regular backups are being made of the
content.

Test retrieval from backups. Abackup is only worthwhile if content can be retrieved
from it.

Develop along-term preservation plan: The questions provideimh

Pre-Preservation AnalysisP8anningbeloware intended tassistwith this process

When an organization is ready to begin lortgrm preservation, the form thatuch preservation
takes will depend upon many factors, including the length of tiorevhichthe content must
remain usable and the collaboratimeangements the organizatiomay choos¢o make. For

more on this topic selhe section orPreservation of Digitized Books and other Digital Collections

Introduction and Research Ar e t he sakingppsafeguard ouecorttent

sufficient?
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3. RESEARCH AND ANALYSIS

Betweerfall 2008 andall 2009,Portico spoke with 27 cultural heritage organizatigns
including a range of educational institutions, national ar@synational libraries, and museums,
about their locally created contetttirough two projects

1. Portico Locally Created Content StudiCC). Through this NEH-funded studywhich
is the focus of this papdportico worked withCornell University Library anda group
of librarians from X additionallibraries at institutions of higher educatiaio evaluate
the technology and costs associated with preservation of locally creligédl content
(born digital and digitized that is maintained by thénstitution. The librarians
participated because they wararestigating preservation solutions to apply to their
digital collections. The diverse group dlibrariansincluded Portico participants and
non-participants, representation from a nunrb® cauntries, and librarians fronschools
of varying sizesand types Using a template as a guide, Portico staff and the librarians
individually discussed their content and needs. Out of these discussions, Portico
developed a stramnan preservation servicand discussed this model with the
institutions (seeAppendix: Straxnan Description of Possible Portico Preservatioa Servi
for Locally Created Content (DC@e also analyzegdossible estimatedosts associated
with the service

2. JISC Preservation StudyThrough this JISGfunded studyPortico partnered with the
Digital Preservation Coalition (DPC) and the University of hdon Computing Centre
(ULCC) tocarry out an extensive analysis of 16 projects funded through the JISC
Digitisation Programme The ULCC staff interviewed each project using a template to
guide the discussion. Portico then rewiedthe gathered data anithe preservation
plans forthe 16 JISC digitisation projects. The results of this work were a private
report to JISC describing the specific risks and recommendsfmmeach project, a
public report describing strategic risks and recommendations for JIS@doess in
future funding, and four detailed case studied/e reference this research work in this
paperbecause it contributed to the overall knowledge base Portico brougtitaaffort
to develop a maa of preservation of digitized booksrfoultural heritage organizations.

6 http://www.dpconline.org/advocacy/knowledgebase/594digitisation-programmedigital-preservationstudy
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4. OVERVIEW OF CULTURAL HERITAGE ORGANIZATIONS
AND THEIR PROJECTS

COLLECTIONS

The collectiondeveloped and maintained by the institutiomsreasvariedas the institutions
themselvesfrom the art museum implementing an early digitization project of its own
collections tocollections of digitized library spegii collections tamassive digitization efforts at
national libraries. The institutions are collecting and making available a large variety of
content, including:

Digitized special collections content and ephemera (these can include images, OCR
text, audidvideo, etc.), including:
Photographs (historical and art slide collections), glass plates, photographic
negatives, maps, illustrations, postcards, postplaybills, theatre
programns, prints, and architectural images
Digitization of prints and drawing®n paper; paintings on canvas; stained
glass; costumes; letters; wood blocks; tapestries; and art objects
Coll ections about the history of the ins
photographs, and senate minutes
Out-of-copyright books
Collections ofetters, diaries, sheet music, medieval manuscripts, historical
newsl etters, rare books, scripts, letter
pamphlets
Multilingual collections of texts
Manuscripts, reports, and state and local documents
Historic newspapers, current newspapers, historic and current journals
Glass plate negatives and photogravure plates
Brain scans and-xays (under discussion at one institution)
A/V digitized from the institutional archives, video records of theatre,
public record filns, parliamentary coverage, national news lot@ats, and
campaigning films
Oral histories (recordings and transcriptions), field recordings, news
recordings, and music recordings
Digitized maps (some georeferenced to suryelistorical and current databeut
local governmental units, digitized gazetteers & digitized books and documents,
geographically located historical statistics
Institutional publicationsd current and historical
Electronic Thesis and Dissertations (ETDs), senior thesis work, techmiabrts,
working papers, faculty and student research and publications, and grey literature

Introduction and Research Overview of Cultural Heritage Organizations and
their Projects
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Class lectures in video and audio, recordings of talks and readings, educational
videos, and webcasts of special events and camjuesevents

Learning objectswebvideo, and flash and Camtasia tutorials
Datasets

Most institutions weredigitizing their existing physicakpecial collections and ephemerzd
nearly all collectiongliscussedverecurated (even thoseollectionsthat weretraditional

institutional repository type content) Figure 3belowshows thepercentagef institutions
working with eachcontent type

Ephemera / Special Collections
Photographs
Art / Tech Slides
ETDs
Books
Course Materials
Oral Histories
Campus Publications
Institutional Records
Working/Tech Papers
Datasets
Journals
Newspapers
Websites
Primary Source Video
Preprints / articles
Music Audio

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 3: Percentage of organizations indicating that there are working with these types of materials

The materials collected bstudy participantsroughly approximate the result of an ITHAKA

survey of libraries fromnstitutions of higher education in the United States that was performed
in 2006.

Introduction and Research Overview of Cultural Heritage Organizations and
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Special collections orpmotthrermsrare mor=muni gue mat
Images, e.g., art and artifacts
Scholarly material s orrpirmismarsy wsioiur cels per/talin
Audio, such as interviews and speeches
Video, such as performances or speeches
Monographs and other books
Preprints of articles published by your faculty:
Postprints of articles published by your faculty:
Datasets
Music and musical performances
Back issues of scholarly journals
Current issues of scholarly journals

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Figure 4: Percent of librarians indicating that their digital reposit ories contain these types of materials

Most institutions have both open collections whichthey intend to continue to add content
over time, and closed collectisto which no additional contenwill be added Most institutions
believethat the amount of digital content in their careill continue to growi either through
the addition of new collectiong @he addition of content to existing collections.

CONTENT MANAGEMENT

Institutions are using a variety of content management todléie 27 insttutions, and at least
30 projectsreviewed were using:

36  distinct pieces of software
94 instances of software

3.13 pieces of content management softwaye average

The systems usebly the institutions reviewedhcluded:

Image Repository Systems Third Party Delivery

MDID éSTOR
Luna I:)engaget
Artesia roQues

7Housewright, R., & Schonfeld, R. (200Bhaka's 2006 Studies of Key StakeholtleeDigital Transformation in Higher Education

Ithaka Retrieved Dec 10, 2008, from

http:/ /www.ithaka.org/research/Ithakas%202006%20Studies%200f%20Key%20Stakeholders%20in%20the%20Digital%20Transfor
mation%20in%20Higher%20Education.pdf

Introduction and Research Overview of Cultural Heritage Organizations and
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Repository Systems

CONTENTdm (local, hosted, pro)

Fedora
DSpace

ExLibris DigiTool
Innovative's Symposia

BePress Digital Commons

VITAL
Search Tools

Solr

DTSearch

Audio/Visual Systems

iTunesU

Streaming Server

File Server

Journal Delivery Syste

Catalog Systems

IRIS (MD in FMPro)
CALM

MODES Catalogue
Unknown Catalogue
Extensis Portfolio
Relational Databases
Allegro Database
OPACs

Tec-Rec

SIFT

MINISIS

Preservation Systems

Bespoke Preservation
Quantum Ogital Archive

P
A

PORTICO

Most institutions surveyedwere using one or more repository systems. Smaller institutions
were as likely to have digital content as larger institutions. Smaller institutions often did not
have staffing to allow them to run a local reftosy like Fedora or DSpace and they were more

likely to use a hosted service (predominan@ONTENTdm, but also including consortia

basedepositorie$. Figure 5belowchartsthe types of systems in use and how many instances

of each were useatrosghe 27 institutions we surveyed.

Repository System
File Servers

Local Delivery Systems

Catalog Systems
Preservation Systems
Audio/Visual Systems

Third Party Delivery Systems
Image Repository System

Journal Delivery System

Search Tools

0 5

10 15 20 25 30

Figure 5: Number of Individual Instances of Types of Systems in Use
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Many institutions, even thosasing a hosted repositorjave stacked software systewrse on
top of the othelin order to coordinate the full spectrum tfnctionality they needo manage
this content. For example, some typical o0stacks

an external drive for high resolutiormasterfiles
acontent management system for managing thetadata and some delivery objects

In addition, many institutions manage:

an image server
and/or a streaming server fodelivery of specialized content
acatalog system (perhaps already extant for more traditional physical resources)

A common threadunning throughthe range ottontent and institutionss thatthe high
resolutionmaster files (high resolution images, high quality audio or video, etc.) are not
collocated with the repository or delivery content management system. rAajarity of
institutions, these master copies are loosely coupled to their delivery objects and metadata
through naming schemes, spreadsheets, or databases.

W ORKFLOW

The cultural heritage organizations that we spoke with all followed a similar set of $teps
digitize and arate the content. In general, thedligitization and curation processes were
manual and the workflow was managed through a spreadshesther checklist

For most institutions, the content management prodesaanaging how content moves from
one locatim to another during the digitization and deposit process and then managing the
ongoing maintenance of contdntis the most difficultand time casumingaspect of the project.
Even institutions that have a repository @content management systetypically store their
high resolutionmaster files on a file serveFiles and metadata that are not collocated
inevitably have a tenuous connectiandare at much greater risk tbecomaunsynchronized
Organizations with the master metadata and high resolution master files collocated are in a
much stronger position to begin digitgreservation

Very few institutionsthat we spoke wittcan packageontent filestogetherwith their matching
metadata files and mowkat contentfrom placeto-place. Thestandard repository systems,
today, do not provide this service as GRMH is not sufficient for data transferThis inability

is another risk factor to the longerm preservation of content, as without this functionality and
ability the content is locke into existing systems and likely to become unsynchronized.

COLLABORATION

All institutions in our discussionsvere collaborating with other departments within their own
organization or withoutsideorganizations. This collaboration has many manifestations from
outsourcing the digitization to providing a collaborative delivery service.

Introduction and Research Overview of Cultural Heritage Organizations and
their Projects
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Institutions with
Interlnstitutional Collaborations

Institutions with
Intralnstitutional Collaborations

y 4

Figure 6: Charts of Inter and Intralnstitutional Collaboration

PORTICO

The survey results published by the Primary Research Group in theirl Survey of Library &

Museum Digitization Projectd ound si mil ar results, wher
respondents have teamed up with some other department of their institution to workyant|
a digitization projecto6 and 051% of the
some aspect of their digitization efford

COLLECTION MANAGEMENT AND CONTENT MANAGEMENT

There are two types of ongoing managememteded to successfully mtain collections of
digitized or otherwise digital content.

Collection <
Management:

/

ACollection management is the set of activities necessary to
maintain the intelluctual units being preserved. This includes
initial curation of and creation of descriptive metadata for the
content, initial scanning or other digitization, and managemen
the creation workflow. Collection Management also includes
ongoing activties that will continue as long as the collection
remains availbale, such as correcting errons in the preserved
content.

Aviany digitization projects are planned to be static and are fun
with onetime money allocated to digitize the content and maks
available for use. Despite best intentions, however, most
collections are not static and, over time, collection manageme
continues to occur as content must be added, updated, and d

8Pri mary Research

Group.

http://www.primaryresearch.com/view_product.php?report_id=2&ind last accessed on Mar 31, 2011. Pages 33 and 34.
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AContent management includes those activities targeted at
managing the files and databases that comprise the intellectu
units being preserved, for example: backups, ongoing fixity ¢

Content Management to ensure there has been no degradation to the files, media

migration when the old media on which content is stored need
be replaced, file migration if the formats of the files become
unusable, and other activities.

These two activities should be considered separatelywgefiound thatmanyinstitutions
interviewedoften conflated or ignorethese activities Ongoing collection management

requires he skills of a subject specialist to determine when and how to upthateuratehe
content files and metadata, whereas ongoing content management requires technical skills to
replace aging hardwarand migrate files from old formats to new formats.

Introduction and Research Overview of Cultural Heritage Organizations and Pa.17 of 72
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5. THEMES

A numberof themes arose frotthe analysis of thanterviewedinstitutions and their content:

The size of a cultural heritage organization is neither a predictor for risk nor amount or
guality of digital content.

Most organizations work with external or internal partners for digitization, delivery, and/or
preservation. Very few are working entirely independently.

Few cultural heritage organizations have easy access to theirtdgblution master files, as
such files are typically on DVD, CD, or external hard drive and not in the repository. It is
preservation of these files that is most important, as they are the items most expensive to
reproduce.

Externally held files, such as the high resolution master files, often have a very tenuous
connection to their metadata. Without a tight coupling to metadata, the files will be unusable
in the future.

Most of the cultural heritage organizations with which we spoke cannot package up the high
resolution master files, the derived files, and the metadata and move the package as a unit
from one system to another as required to meet the definition of full, managed preservation.

Most cultural heritage organizations do not have strong digital content management

processes and control (e.g., nearly all organizations surveyed used a file server as one element
of their content management strategy, in addition to other content management systems) and
this puts their content at risk.

Many cultural heritage organizations do not have staff to support either preservation or
access systems-tmuse.

The repository systems in place today cannot package and transfer content in a standard
format. Most have OAIPMH functionality, but OAFPMH is not sufficient for data transfer.

Analysis shows that many cultural heritage organizations would benefit from akesn

solution that provides both access and preservation for a large variety of formats and content
types. Such a "one stop shop" would be -@ctive for institutions with a need for

protection, but less rigorous preservation and access.

Cultural heritage organizations are acting as publishers (for example, in 2001 the University
of Michigan Library opened the Scholarly Publishing Office), but this is not a traditional
business for them.

Cultural heritage organizations do not often have a sustainability plan associated with their
digital content. Rather than considering the digital content to be a product that must be
sustained, it is considered another outlet for their special collections. It is not clear if their
parent institutions will think of this content in the same way.

Introduction and Research Themes
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6. DIGITAL COLLECTIONS AT CORNELL UNIVERSITY
LIBRARY

The participation of Cornell University Library on the NEH/IMLS grant allowed Portico and
Cornell University Library to perform an in depth analysis of thébrary content in the context
of digital preservation.Cornell University Library hasbeen creating and managimtigital
contentsince the miel990s including numerous digitization projects managechouse and
externally.In addition,the Library authored the highly valuabl®igital Imaging Tutorial 2
which has been used lyany diverserganzations as they implement theawn digitization
and digital preservation endeavor§he Librarywasalsothe original author ofDigital
Preservation Management: Implementing Shdrérm Strategies for long-Term Solutionsto
Cornell University Library provided in depth adviaen analysis othe Portico locally created
content survey and development of thigaw-man preservatioomodelthat Portico shared with
the institutionsfor evaluationas part of itsvork to develop a modealuitable for cultural
heritage organizations

Cornell University Library provided samples of digitized content to Portico for analysis,
including samples of early digitizath projects including

Ezra Cornell Papers consisting ofTIFF images, GIF images, OCR and
coordinate information, a manifest file, and descriptive
metadata encoded in RFC 1887

Making of America3 consisting ofTIFF images, GIF images, OCR and
coordinate information, and descriptive metadata encodet
both RFC 1807 and in the EFFECT Technical
Specification® file which also cotains manifest and
structure information

Southeast Asia Visiods consisting ofTIFF images

9 http://www.library.cornell.edu/preservation/tutorial/contents.html

10 http://www.icpsr.umich.edu/dpm/

11 http:/ /historical.library.cornell.edu/ezra/browse.html

12RFC 1807 is an IETF request for comment memo issued in 1995 that describes a formant for describing technical records (see
http://tools.ietf.org/html/rfc _1807).

13 http://ebooks.library.cornell.edu/m/moa/

14The 0 E F F E EXthange Format FoElectronic Components and Texiechnical Specificationsas developed by Elesvier @onjunction with a
numberof early digitization projects at Universities, including Cornell and the University of Michigan. It provided a formatdodendescriptive
metadata and packaging information about hierarchical, serial publications (such as scholarly joAroafs).d the EFFECT specification is still
available ahttp://www.info.sciverse.com/UserFiles/Files/sciencedirect/effect40.p(as of Mach 2011).

15 http://digital.library.cornell.edu/s/sea/index.php
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Samples of middle year digitization projegatscluding:
» Historical Math consisting ofTIFF images, OCR and coordinate
Monographgsé information, descriptive metadata in XML, and a manifest
file
» Samuel J. May Ari consisting ofTIFF images, GIF images, OCR files, metad:
Slavery Collectio#? and fulttext in SGML, a manifest file, and metadata in XM

And samples of more current digitization projecits¢luding:

» The Cornell Daily Sug consisting of PDF filesTIFF image files, METS XML files
containing descriptive metadata for the issues and articles
issue structure information, and file manifests, and XML
files containing OCR and coordinate infoation
»  Microsoft Digitization consisting of JPEG2000 files, a MARC metadata file in
scanned bookg MARC, MODS, and MARC XML, manifest files, OCR files
and an XML Dublin Core metadata file

This content comprised a fascinating swath of digitization experiences, @astcreated over
the course ohearly two decadesThe Cornell content provide@n excellent exemplar of the
varieties of content, file formats, and metadata formats that exist at @ilheritage
organizations.Portico looked at content from three Cornell projects in depth to analyzé the
preservation optionsvithin the context of the Portico archivdooks digitized by Microsoftthe
Papers of Ezra Cornell (a very early digitizatigmoject at Cornell) and Cornell Daily Sun.

Per the strawmanservice mode{seeAppendix: Strasnan Description of Possible Portico
Preservation Secei for Locally Created Content (L.e@jico considered twaptions for each
Cornell collection

/
APackage content into ZIP files and hold it in the archive
Zip and Aperform standard archive maintenance ofand oftline replication, on
Hold: < and oftline media refreshment, fixty and completeness checks, receip
processing reports, audit accreditation reports, and regular status repg
holdings, repairs, fixity, completeness and migrations
—

16 http://digital.library.cornell.edu/m/math/index.php

17 http://digital.library.cornell.edu/m/mayantislavery/

18 http://cdsun.library.cornell.edu/cgibin/newscornell

19 http://www.archive.org/details/cornell
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Aanalyze the structure of the content to determine whether all expected
were received

Avalidate files against their format specifications and revalidate files in
future as new tools are developed

Full ARepackage content into an archival information package (AIP)
Prﬁgﬁ\;‘i{[‘iﬁgK Avigrate files to new formats on ingest or in the future as necessitated

changing technological environment

APerform standard archive maintenance ofamd offline replication, on
and oftline media refreshment, fixty and completeness checks, receip
processing reports, audit accreditation reports, and regular status repd
holdings, repairs, fixity, completeness and migrations

Because of the quantity of content in the Microsoft digitized book project and concerns about
the consistency of the datBprticorecommendegrotection ofthe Microsoft digitized book
project viaZip and Hold, wheeby key Dublin Core metadata descriptors would be culled from
the provided descriptive metadata filasd placed in the preservation metadata filéghout

further validation of the metadata filedn addition,werecommendedip and Holdfor the
Papersof Ezra Cornell. The Papers & earlydigitization projectand while the images and
structure of the packagingrevery clean, the metadata is in a format which is difficult to
validate. The Cornell Daily Sun, however, is one of the later digitizagimjects from the

Cornell University Library and in additiorto beautiful TIFF files, ithaswell-constructedXML
metadata files that can be validatadd thus for this collection Portico recommended Full
Preservation Activities Portico processed a numbef issues from the Cornell Daily Sun
digitization project and was able to successfully validate the XML files and repackage the
entire issusinto an archival information package suitable for preservation within the Portico
archive. The development tiis tool set and processing of the content took approximately one
month ofoned evel oper ds ti me.

One of the key lessons learned by both Portico and Cornell in regard to the preservation of the

library content is that to implemeniong-term digital presewation via the Full Preservation

model (rather than the baekp and byte replication of th&ip and Hold model) would require

the development of specific tools for each Cornell collection. This matches Portico experiences

with e-journals, ebooks, and dollections where, despite the presence of standards within these
communi ti es, each o0col |l ect iThisaBocondfoqmsioove s a tai |l or
understanding of the varied content at other cultural heritage organizations and suggests that

in order to be coseffectivethe protection of this content may need to be managed thraigh

means ofesscustomizedools.
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| MMEDIATELY ACTIONABLE STEPS

7. PRE-PRESERVATION ANALYSIS & PLANNING

As a result of this analysis, institutions will be ablertmke informed decisions about the length
of time the collection must be protected and therefore the amount of investimée made in

that protection (for example, is backup and/or byte replication sufficient, or does the collection
need longterm, managd digital preservatior). The report created through answering the
following questionscan also be used to form the basis pfeservationpolicy for the content

Our surveys have shown that, especially when
multiple partners are involved in managing conte
there is an opportunity for misunderstandings to
arise around which party is responsible for which
element of the content. Often the role responsib
for managing the files is different from the role
responsible for managing the intellectual contenf
the collection. Therefore, for each digital
collection, it is important to identify the key playe
involved with the development afwhg-term
management ohe content.

Who is writing the policy and plan?

Who has responsibility for maintaining th
intellectual content of this collection (e.g.
making corrections to metadata or conter
files)? Who has curation responsibilities
and is the advocate for tleellectior?

Who has responsibility for maintaining th
bytes of the files inthis collection (e.g.
identifying and fixing corrupted files)?

Who approved this policy and plan?

Who will use the content in the short and
long-term?

Per the definition of digital preservatidoeing able
to trace the authenticity ohabject in the
collection is important. From a practical peoft
view, this provides information to those people
who will be managing the content in the future, b
may not have been involved in its originakation.
The ability to quickly characterize a collection is
also very important when it becomes necessary
consider all digital collections at one organizatiol
and organizationide preservation solutions.

Immediately Actionable Steps

What is the content and from where did tl
cortent originate?

What file formats, including metadata
formats, are present?

How many items are in the collection?
How large is the collection on disk?

Pre-Preservation Analysis & Planning
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Our surveys haveofind that there are often man 9. Wherearethehigh resolutiormaster cojes
versions of .0condtne otr dfy of the descriptive metadata kept?

fall thI.S content in a sensible way, it is importani 10. Wherearethe mastecopiesof the content
identify where all the content is and the purpos files kept?

of the copy at each location. '

11. Where are all the copies of the content,
including backups, and how are the copies
the content related?

Not all content must be preserved forever, som 12. How long should the content be available 1

content can bprotectedor a limited time, after use?

tirlien 't,S Sl il _be Rovelbatsel. leantiping 13. If the content is irretrievably lost, what are

what might happen if the content were .

, ) ) ) the repercussions?

irretrievably lost will help answer the questioh

how long it must remain available. Other factol

include user demand and organizational missic

It is important to make thoughtful decisions abq 14. How will the collection be created (perhap:

how to manage the collection. A closed draw a dagram of the workflow)?

coIIe.ctlon Iy 12 BERERIEE (f ? feLoy ) 15. How will the collection be maintained

archive, whereas an open collection that will h . A
, , (perhaps draw a diagram of the workflow)~

updates made tomustbe preserved in an

archive that allows updatesiaving all parties | 16. Do you expect the content files to be

responsible for the conteahswer this set of migrated in the future?

questions together will ensure that everyone | 17 \jay the content files be deleted? Added t

agrees on how the content will be managed. Updated?

18. May the descriptive metadata theleted?
Added to? Updated?

19. How will you track who did what and when
to the content, if this is important to your
organization?

20. How do you associate tmeastercopy of the

Immediately Actionable Steps

descriptive metadata with tiégh resolution
copy of the content files and howlisiou
move these two items around together?

Pre-Preservation Analysis & Planning
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SeeAppendixilustrations of Answers to the Practical Quéstiorample answers to the above
guestions Additional sefassessment tools include:

AIDA (Assessing Institutional Digital Assts)at hitp://aida.jiscinvolve.org/wp/ .
Drambora (Digital Repository Audit Method Based on Risk Assessmant)
http://www.repositoryaudit.eu/ .

TRAC (Trustworthy Repositories Audit & Certification: Criteria and Check)ist
http://www.crl.edu/sites/default/files/attachments/pages/trac_0.pdf

Immediately Actionable Steps Pre-Preservation Analysis & Planning
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8. IMPLEMENTING BACKUP AND BYTE-REPLICATION

After analyzing the content, the needs of the end users, andewurce basef the parent
organization, some cultural heritage organizations may determine thaba sin mid-term
protection solution is sufficient for their purposes and may choose to implement that protection
through backup and/or byte replicationin addition, those organizations which have

determined they need longaerm protection, may choose tmplement backup and/or byte
replication while they are collecting and organizing their content in such a way as to make it
possible to preservié. Backup and byte replication will be elements of any loergn

preservation solution and therefore takirigese initial steps will build needed experience.

Backupand byte replicatiorarewell-understood solutioa Many cultural heritage
organizations may be able to get robust backup from their parent institutiargeneral,
backups provide solutions to twaroblems:

1. User error recovery d a user or system accidentally deletes or modifies some files and
those few files need to be copied out of the backup and back onto the system. In this
regard, currency of content is very important. The backup must haveentiversions
of the files, or it cannot serve this purpose wetl.order to support this type of fildoy-
file retrieval of current files and to quickly make the backups, most backup solutions
implement a type of delta backup, such that only items hH@ate been changed since the
last backup are copied. The organization should expetcieval of those few fileto be
relatively fast for the backup to effectively meet this need.

2. Disaster recovery d a natural or marmade disaster destroys the originadpies of the
content and the system needs to be entirely rebuilt. In this regard, currency is less
important, as the organization will be spending considerable time rebuilding the system
(perhaps even the machine room) and loss of a week or two of gpdatee content
will not significantly impact time to recovery.

Severakhings to consider when selecting a backup solution are:

/

AA frequent cause of data loss is failure of the hardware or media o
which content is stored. This corrupts bits of the data. Enterprise d
often protect against this kind of loss by automatic detection and re
through the use of RAID and other software such as ZFS file syste
more commodity disks may not have these protection systems. In
scenarios, organizations may want to consider multiple backup

The disks and<
software

solutions.

AThe farther away a backup is physically located from the original, t
more secure it will be in case of natural or rmazade disaster.
However, often backups are used for-tiayglay continuity manageme
and speed of retrieval is important, in which case having the backu
local is important.

The location of <
the backup

Immediately Actionable Steps Implementing Backup and ByiReplication Pg.250f 72
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£Organizations should consider the amount of content to be backed

Speed and the amount of time it takes to complete a backup, and the required
frequency of
backup frequency of backups. It cannot take longer to make a backup the
time allowed between backups.
Speed of AWhen an organization needs to retrieve content from the backup, t
retrieval speed of retrieval must match the needs the organization.

AAn organization must identify who will be monitoring the backup an
Monitoring ensure that the backup system can provide reports in a manner tha
be understood by the person responsible for the monitoring.

APlan and execute regular test retrievals from the backup to ensure

Testi
esting the backup system is working as billed.

2

AThere are many backup solutions available today, from software b
into external hard drives to dme backup solutions in the cloud. So

Technical skills of these solutions are plkandplay and others require technical skills
respoorsti)gI(()apggr < implement. For example, a backup solution in the cloud may be

the backup implemented by licensing a service that does the backup automatia

or by purchasing space from a service like Amazon S3 and writing

L own backup software (the latter requires technical skills).
g AConsider whether or not the backup solution rewrites content or si
. copies the content byfer-byte. There is a greater risk in using

Pro%rr'rentgg < software that rewrites the content, rather than software that makes
exact replica of the content. However, an organization could decrg
L the size of their backups by using software that compresses the co

Cultural heritage organizations should consider the benefits of multiple backups to address
these tensiog including thefollowing options:

»  Cloud Backup: There are many oiline, cloud backup services available. This type of
backuprequires a high speed network anthy beless reliable than other optiordue to
transmission errors, difficulty in performing fixity checksy@less than 100%ecovery
guarantees from the backup service.

»  Off-Line Backup: Creating backups to tap® external hard drivesand shipping them
to a secure, climate controlled environmenffsite environment isrery reliable The
speed otontentretrieval is slow which makes it difficult for this type of backup to meet
day-to-day business continuity needs.

»  Local Backup: Backng contentup to a local disk (fulbackups at regular intervaland
incrementalbackups in betwegris a third option. Thespeed of retrieval is fast, but
reliability in case of huge, disaster is of congexs the backup is located in the same
general physical location as the content.

Preservation of Digitized Books and other . _—
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Section lll.  PRESERVATION OF DIGITIZED BOOKS AND
OTHER DIGITAL COLLECTIONS

Cultural heritage organizabns which are ready to begin the process of full preservation of their
digitized books and other digital content need a model to follow, a place from which to begin the
process. Included here is such a model that has been developed based upon our surveys
discussions with cultural heritage organizatigrsd ourextensiveexperiences with digital
preservation.

9. DIGITAL PRESERVATION

In order to support full digital preservation, an organization must devote time and attention to
both the ongoing content andollection management of the preserved content. The
preservation system must be monitored daily to identify system problems, the collection must
be updated when aors in bibliographic metadata afeund or when other problems with the
intellectual contehare identified, the internal and community understanding of file formats
must ke monitored, migrations of files to new formataist be performecgtemulation software
must be tested and preserved itséfirdware must be refresheaind many other ongoing
maintenance activities in order to support digital preservation:

Digital preservation is the series of management policies and activities necessary to

ensure the enduring usability, authenticity, discoverability and accessibility of content
over the very long term. The key goals of digital preservation include:

usability authenticity discoverability accessibility

Ahe intellectual Ahe provenance of  Ahe content must Ahe content must
content of the item the content must have logical be available for
must remain usable be proven and the bibliographic use to the
via the delivery content an metadata so that appropriate
mechanism of authentic replica of the content can be community
current technology the original as found by end users

deposited through time

Figure 7: Digital Preservation Definition

The four columnsseen in Figure 7 abowv&upport longterm digital preservatiorandrequire
investment by thecultural heiitage organization.

Usability: Ever yone has had the experience é that thes
longer open. Maybe it is becausevas stored on a floppy disk and maybe it was in WordStar.

Maybe it was in WordPerfect and opens todayt the formatting is inaccurated Sof t war e

designed for an older operating system may not run [on] its contemporary counterpart, which

in turn means that files created using the software native to these older systems might now be

|
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accessible on currenbmputers. For example, a word processing document created in
Windows 3.1 or Mac System 7.5 might not open with a modern office suite installed on

Wi ndows 720 Fierforn@ats Xill lecome obsoldieit may take a long time and it may
be that the filesimply become more mangled in display than completely unusable, but it will
happen.

Migration and emulation are the two primary strategies used for ensuring usabilitgrig-

term preservation. Migration involves transforming digital content from its exigiformat to

a different format that is usable and accessible on the technology in current use. Emulation
involves developing software that imitates earlier hardware and software. Migration is a
strategy that requires a deep understanding of the conbexihg preserved, whereas emulation
is a more technologypased strategy, requiring a deep understanding of existing hardware and
software. Within preservation policies, an organization should explain what preservation
strategiesare used for what content.

Cultural heritage organizations have a humber of ways to address usability concerns, including:

accept all file

v ' formats, but

migrate files in thrlc_Ju_gh bl
troublesome POTICIES, assign

limit the types of
formats allowed

e formats o new e

proven longlife commitments to
different types
of files

For a succinct listing of file formats recommended for digital preservatiodan explanation of
why they areappropriate seea handout created by thieorida Digital Archive?l,

Authenticity : Organizations engaged in digital preservation must prakat the current
preserved objects are true to titem as originally depositedChangeswill be madeo

preserved contentdescriptive metadatwill be updated, filesvill be migrated, corupted files

will be replaced, etcT hecultural heritage organization or itpreservation agency must closely
track any changes made to the original preserved content in order to be able to continue to
prove the current version is authentic to the ongil version. There are a variety of ways that
this needcanbe met, including tracking changes through event records within the preservation
metadata of the objectr evenkeeping all versions of the content within the archive.

20Ki rschenbaum, Mat hew G. , Ri char d Ovend e n ;DigaahGbnteBtanbCuliural Heritage €alleciionse . oDigital
Council on Library and Information Resources: WashingtorG [2010). p. 18. Available aiip://www.clir.org/pubs/abstract/pub149abst.html and
last accessed on Mar 31, 2011.

21 http://www.fcla.edu/digitalArchive/pdfs/recFormats.pdf
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Discoverability : In order to ensure thdong-term digital preservation of any object there must
be sufficient descriptive metadata associated with it to find it agalithin an archive,
descriptive metadata typically found in two places:

1. Encoded within the files thaare the bilding blocks of the intellectual unit being
preserved. For example, a digitized book nragtudean XML file that contains
significant bibliographic informatioralong with the fulttext of the book.

2. Encoded within the archival system or preservation metadata files that provide a
0 wr a p pleiintelledtual uriit. For example, the record for that same digitized
book in the archival system wilave a minimal amount of descriptive metadata
directly associated with it (so thatrchival administrativegueries do not need to be
made against the more complex and sophisticated XML.file)

Accessibility : It is not enough for the cultural heritage organization or its preservation agency
to keep the content saénd securgthey must be able to deliver thareservectontentto users.
Delivery requires a web service, uptime and response time requirements that may be different
than those of the archive, user friendly search and browsetionality, and user support.

Preservation of Digitized Books and other

Digital Collections Digital Preservaton
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10. REFERENCE MODEL FOR AN OPEN ARCHIVAL
INFORMATION SYSTEM (OAIS)

This recommended approach to preservation draws heavily upon concepts expressed in the
Open Archival Information SysterfOAIS) framework2fi the classic modehat defines an
archiveasaconsisting of an organization of people and systems, that has accepted the
responsibil ty t o preserve information and mMake
The biggest benefifrom OAIS is that it providegartieswith disparate backgrounds and
concerns a shared terminologynd as such, it is helpful for us to revighe key assumptins
andmostuseful constructs for cultural heritage organizations

OAIS defines three categoriespdirtieswho have a vested interest in archival decisions, but
who do not participate in th&lay-to-day management of thaerchive

Producers{ AThose who provide the information to be preserved.

AThose who will use the preserved information, including the Design
Community who we can think as the researchers of the future.

Consumer

AThose who set the policies for the archive, but are not involved in t
ar c hi wte-dagoperaions.

Management

At the core of OAIS ithe concept thaeachitem preserveds a ninfaymation Packagé
containing content information, preservation description information, and packaging
information.

»  Content Information
o the original files to bereserved
o information about the files being preserved so that they can be delivered {
end users
»  Preservation Description Information (the preservation metadata about the
content information)
o Provenance where the content information originated, its cudipchain,
and event history
o  Context how the content information relates to other information,
outside itself
o Reference  one or more identifiers, or systems of identifiers, by which
the content information may be identified
o Fixity a checksum for the files

»  Packaging Information (the metadata that logically binds all the elements of th
content package)

Figure 8: OAIS Information Package

22 http://public.ccsds.org/publications/archive/650x0b1.pdf
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