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Foreword


The time is close at hand when any student, in any part of the world, will be able to sit with his projector in his own study at his or her own convenience to examine any book, any document, in an exact replica

H.G. Wells, 1938. (p. 77).



The above quote from H. G. Wells, which also appears in the first chapter of the book, is appropriate because it foresees digital libraries, even without mentioning them by name. In addition, in 2016, when this book was published, we celebrate 150 years since Wells’ birth and mourn 70 years since his death.

This book identifies the challenges, current trends, and future directions of digital library development, use, and evaluation. The coverage of the book is comprehensive, as can be easily determined by each chapter and the accompanying bibliographies.

This Foreword has a hazier aim—I am trying to examine the complex relations and connections between research and practice in the area of digital libraries:

• Does digital library research inform digital library practice? And vice versa?

• To what extents are they connected now, nearly two decades after they began?

“Digital library research” refers to various research projects funded historically by the National Science Foundation (NSF) in the United States and by European Union programs in Europe, as well as research reports presented at various digital library conferences to this day. “Digital library practice” includes working digital libraries found on the Web, reflecting any practical, operational library-oriented achievements. “Inform” refers here to a visible connection based on evidence either (1) in the sites of research projects and/or in the research literature that points to any consideration of or link to an operational digital library project, or (2) in digital library practice showing any consideration of or link to research projects found in the literature. In other words, concentration here is solely on visible or “surface” evidence.

In many fields, research and practice have a complex relationship or connection. In an ideal paradigm, (some) research, particularly toward the applied end, informs and even transforms practice and (some) practice informs research, especially in the selection of problems. In an ideal world, research and practice converge. However, in reality, it rarely works exactly that way. The links between research and practice are neither always linear nor are they often easy to discern. Their connections may be serendipitous or vague, even weak or nonexistent. Time and social context play a significant role as well. Transfer of ideas is complex. There are further considerations. Research often raises expectations, and, by definition, it neither promises nor produces predictable outcomes. Practice may advance, and in many areas has done so, without direct input of research. The area of digital libraries is not an exception to any of these points.

Historically, in the United States, the original agenda for digital library research was set and conducted through the multiagency Digital Library Initiatives (DLIs) lead by the National Science Foundation (NSF). DLI 1 (1994–98) involved six awards and $25 million; DLI 2 (1999–2003) involved 34 awards and $48 million (Griffin, 2005). It may be of interest to note that the origins of Google were acknowledged as being supported by a DLI 1 grant at Stanford University (National Science Foundation, 2004).

While the agendas for both DLIs were relatively broad, their base rested firmly in technology. Levy (2000) describes this early conclusion regarding DLI projects as reported in the research literature or at various library conferences:

“The current digital library agenda has largely been set by the computer science community, and clearly bears the imprint of this community’s interests and vision. But there are other constituencies whose voices need to be heard.”



That indeed there are different viewpoints about digital libraries was also recognized half a decade later by Arms (2005). Both conclusions still hold today.

Since the end of DLI 2, NSF no longer supports research in digital libraries. All federal US support is now channelled through the Institute of Museum and Library Services (IMLS), established by law in 1996 combining the Institute of Museum Services and the Library Program Office from Department of Education. The very name (including museums) shows a shift and broadening in the coverage of the area of support. The majority of grants are for pragmatic operational projects—some involving digital libraries—as is clearly visible in the enumeration of their past grants (https://www.imls.gov/grants/awarded-grants).

Again historically, in Europe, digital library research was supported by the European Union in two programs: DELOS: Network of Excellence on Digital Libraries (2004–07, at a cost of 950,000 EUR) and DL.org: Digital Library Interoperability, Best Practices and Modelling Foundations (2008–11, at a cost of 1,200,000 EUR). Both projects involved a large number of participants and workshops across Europe. Crowning achievements for both projects were two landmark publications: The DELOS Manifesto (Candela et al., 2007) and The Digital Library Reference Model (DL.org, 2010). The Manifesto lays out basic definitions and structure of digital libraries. The Reference Model provides detailed descriptions of concepts involved, together with models of various applications and domains of digital libraries. Both documents consider digital libraries as “the meeting point of many disciplines and fields, including data management, information retrieval, library sciences, document management, information systems, the web, image processing, artificial intelligence, human-computer interaction, and digital curation.” (Candela et al., 2007).

The US DLI projects were primarily oriented toward development of applications—testbed/prototype building. The European digital libraries projects were primarily oriented toward conceptual definitions and Europe-wide cooperation among researchers. However, government support for digital library research has ended in both the US and European Union.

Digital library practice is institutionally/organizationally based and oriented toward a given community, pragmatic development, and practical operations. As expected, the aims are toward the pragmatic problems at hand. Typical examples—rather than exhaustive enumerations—involve the following:

• Digitizing and providing access to specialized and historic materials by the Library of Congress through the American Memory Project of the Library of Congress (launched in 1990, first on CD-ROM and then in 1996 on the Web) (https://memory.loc.gov/ammem/index.html).

• Incorporating digital dimensions and providing access to electronic collections and resources, with a variety of associated services (ie, creating and managing hybrid libraries—incorporating both traditional and digital materials and services) by thousands of academic, research, public, and special libraries, such as the University of California Berkeley Library (http://www.lib.berkeley.edu/node).

• Building digital libraries by professional and other organizations, such as the subscription-based Association for Computing Machinery (ACM) ACM Digital Library (launched in 1998) (http://dl.acm.org/).

• Developing digital collections in specific domains, such as the Perseus Digital Library, covering digitized materials from antiquity to the Renaissance (launched on CD-ROM in 1987—four years before the advent of the Web; it was later established on the Web in 1995) (http://www.perseus.tufts.edu/hopper/).

• Developing and building huge continent- or nation-wide portals that act as an interface to many cultural institutions, providing millions of books, paintings, films, museum objects, archival records, and music and sounds that have been digitized. Examples include: (1) Europeana (launched in 2008), under a subtitle “think culture” calls to “explore 48,738,306 artworks, artifacts, books, videos and sounds from across Europe.” (2) Digital Public Library of America (DPLA) (launched in 2013), under a subtitle “a Wealth of Knowledge” calls to “explore 11,425,950 items from libraries, archives, and museums.” (Quotes with given numbers from both sites are as of Jan. 2016) (http://www.europeana.eu/portal/) (http://dp.la/).

These are just a very few examples of digital and hybrid libraries. They represent only a sliver of an explosive growth that resulted in a multitude of practical digital libraries worldwide.

Practical efforts in digital libraries share a common characteristic. Agendas were set at grassroots—by individual libraries, academic departments, professional organizations, museums, publishers— often driven by enthusiastic individuals. Pioneering projects from the early 1990s, such as those at the Library of Congress mentioned above, served as examples for a great many institutions to follow. Development of digital collections, management and preservation of digital resources, user-oriented services, electronic publishing—with myriad issues and challenges beyond technology—are also a part of these pragmatic efforts.

As mentioned at the beginning of this Foreword, evidence analyzed here is based either in (1) sites of research projects that show a direct connection to practice or in (2) practical sites of digital libraries that show a direct connection to research; in other words, it is based solely on evidence that is directly visible or on “surface” evidence.

Here is a sample of the literature on digital libraries. Communication of the ACM (CACM) is the flagship journal of the Association of Computing Machinery (ACM). CACM had three special issues devoted to digital libraries [CACM vol. 38 (4) 1995; vol. 41 (4) 1998; and vol. 44 (5) 2001]. In the most recent special issue on digital libraries, the article “The ACM Digital Library” stated:

“ACM distinguished itself in its advanced planning for its digital library by paying close attention to three such issues: changing patterns in scholarly behavior; the functioning of copyright law in a networked environment; and the development of a business model” (Rous, 2001, p. 90).



No research project was mentioned or cited in the article, even though this and other two CACM special issues on digital libraries contained other articles about DLI projects that involved specific digital libraries.

An article by Candela et al. (2007) about the Digital Library Manifesto has 17 references; none of them cite an operational digital library project. In turn, (as of Jan. 2016) the article is cited in Scopus (the largest bibliographic database covering over 22,000 titles) 31 times. A cursory examination of titles and references in those citations did not find a connection to any operational digital library project.

In contrast, the article by Bearman (2007) (among the best, if not even the best review of digital library literature up to that time) has 311 references, many of which refer to practical digital libraries. In a section devoted to practical systems, Bearman classifies them as to “Discipline- and Subject-Based Digital Libraries; Genre- and Format-Based Digital Libraries; Institutional Repositories; and Mission- and Audience-Directed Digital Libraries.” The last one included children’s digital libraries. This is the only article found that had descriptions of and references to practical digital libraries.

There are numerous international conferences devoted to digital libraries:

• Joint Conference on Digital Libraries (JCDL); since 2001 cosponsored by ACM and Institute of Electrical and Electronics Engineers, Computer Society (IEEE-CS), thus “joint” in the title—before 2001 they were separate.

• International Conference on Theory and Practice of Digital Libraries (TPDL); started in 1997 as the European Conference on Research and Advanced Technology on Digital Libraries (ECDL).

• International Conference on Asian Digital Libraries (ICADL).

• In addition, many other—including regional—conferences are listed in each issue of D-Lib Magazine (http://www.dlib.org/groups.html).

In other words, conferencing on digital libraries is a rich, international tradition and venue. All the major conferences publish conference proceedings, of which only two Proceedings of the Joint Conference on Digital Libraries (JCDL) are examined here in some detail: the first one that was jointly held in 2001, and the most recent one held in 2015.

Papers and presentations in JCDL 2001 are simply listed without a particular categorization. The first paper was entitled “Integrating automatic genre analysis into digital libraries,” and the last was “The virtual naval hospital: the digital library as knowledge management tool for nomadic patrons.” Over 80 contributions are listed; a good number are only one page long, consisting only of an abstract and references with no actual paper included.

Papers and presentations in JCDL 2015 are divided into categories labeled by sessions: “People and Their Books; Information Extraction; Big Data, Big Resources; Working the Crowd; User Issues; Ontologies and Semantics; Non-text Collections; Temporality; and Archiving, Repositories, and Content.” There were 18 full and 30 short research reports. Numerous examples of applications were given, such as a papers with the title: “No More 404s: Predicting Referenced Link Rot in Scholarly Articles for Pro-Active Archiving;” or “iCrawl: Improving the Freshness of Web Collections by Integrating Social Web and Focused Web Crawling.”

A random examination of papers in both JCDL conferences, particularly as to their citations, yielded no reference to a practical digital library. However, a large proportion made specific and practical suggestion how to handle digitally given objects (eg, sounds) or did research examining a process (eg, digital reading).

In sum, papers at these conferences represent an impressive diversity of efforts in digital libraries. As for authors, these conferences mainly represent efforts coming out of the computer science community and provide a minimal connection to efforts involving broader communities. While the proportion of authors outside computer science is rising, less than 20% of all authors during these years comes from outside the discipline.

Time for conclusion. A brief answer posed by questions at the outset is this:

As it stands now, I believe that digital library research on the one hand, and digital library practice on the other, reside in parallel universes with little visible contact and intersection, as demonstrated by the diffusion channels examined here. I think that, while they are both about digital libraries, there is a digital divide between them. At present, the two communities disseminate ideas in detached formal networks of communication that are more or less self-referential. However, things and connections may change.

In other words, I believe that presently, digital library research and digital library practice are conducted mostly independent of each other, minimally informing each other, and having slight or no connection.

Furthermore, I also concur with David Levy’s conclusion, quoted above, that the research agenda largely bears the imprint of the computer science community’s interests and vision.



However, since both research and practice are in progress and the diffusion process is a function of time, we may expect changes. The approach and method adopted has obvious limitations—I took the information provided “as is” and did not pursue any deeper analysis of connections, if any, below the surface. Here are a few more limitations. It is well known that technology transfer may take place through informal as well as formal channels and records. This indeed has been common in the digital library field, a fact that cannot be ignored. Many people that are designing and developing digital libraries have attended digital library conferences and learned of research work. Likewise, a good percentage of those attending digital library conferences are practitioners who bring back to their libraries and projects what they have learned from research presentations. Further, invited talks, panel discussions, short papers, posters, and workshops are key parts of conferences where technology transfer takes place in both directions, and these have been ignored in the present analysis. Thus, conclusions here can easily be questions. Still, the subject in the leading questions should be raised.

This book covers large issues facing digital libraries. It incorporates current research perspectives on the development and evaluation of digital libraries, as well as an overview of best practices and standards for high performance. This combination of research and up-to-date practical guidelines is a unique strength of this book.

T. Saracevic

School of Communication and Information, Rutgers University, New Brunswick, New Jersey, United States
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Preface
Context of the book
The emergence of digital libraries provides an unprecedented opportunity for broader and easier access to a variety of information resources and new potential for their use. Just like there are different definitions in terms of what constitutes a digital library, different approaches have been applied to the development of the main components of digital libraries—the collection, digitalization, organization, design, preservation, retrieval, and evaluation of digital libraries. The field of digital libraries is constantly changing with the introduction of new formats, standards, technologies, best practices, and the evolving concepts of digital library design, evaluation, preservation, and digital curation. There is a strong need for a new book that addresses the changes that have taken place in the past five years in the field of digital libraries and that presents current research and developments in the world of practice.

Existing books on digital libraries contribute greatly to the research and practice of the field; however, they are often out of date and leave many unanswered questions. The limitations of current digital library-related books can be summarized as follows:
• Fail to cover all the key components of digital library development

• Focus only on either the theory component of digital library research or the practical aspects of digital library development

• Fail to include new technology development and applications in digital libraries

This book is written to address the need for updated and multifaceted scholarship and practice in the area of digital libraries.

Objective of the book
The objective of the book is to present a comprehensive overview of different approaches and tools for each component of digital library development, as well as to discuss the social and legal issues associated with digital libraries and the application of new technologies and standards. In particular, the authors incorporate a thorough discussion of new formats, standards, technologies, best practices, and the evolving concepts of digital library design, use, evaluation, preservation, and digital curation into the book. The book integrates current research and best practices in digitization and construction of digital collections and provides both the United States and international perspectives on the development of digital libraries.

Structure of the book
This book consists of the following four parts:

Part I (Chapter 1) offers an overview of digital libraries and the conceptual and practical understanding of digital libraries. Chapter 1 provides an overview of the evolution of digital libraries, as well as key concepts, frameworks, major developments, and projects of digital libraries. The benefits and challenges of each period of digital library development are reviewed.

Part II (Chapters 2–7) presents approaches and tools for each component of digital library development ranging from collection development to interface design. Chapter 2 offers definitions, selection criteria, collection policies, and legal issues of digital collection development. Moreover, it also analyses the trends of collection sharing and large-scale digitization and their corresponding challenges. Chapter 3 outlines workflows, standards, and best practices of the digitization process of static media. It also reviews technical factors, imaging equipment, and minimum recommendations for preservation-quality conversion of static media including the new trend of rapid digitization. Chapter 4 identifies various standards, approaches, and challenges of sound and moving image digitization. It focuses on digitization as a reformatting strategy for preserving audiovisual collections. In addition, it includes the discussion of digitization equipment, technical factors, and formats relevant to audio and moving image conversion. Chapter 5 discusses diverse metadata schemas for knowledge representation and organization, and the metadata building process. It covers not only theoretical aspects of metadata but also the practice of designing and implementing metadata in digital collections. It further discusses user-generated tagging and linked open data in the context of describing and sharing DL resources. Chapter 6 introduces the development and selection of different types of proprietary and open access digital library content management systems. It concentrates on functionality, interoperability, and other design requirements of these content management systems. Chapter 7 shows the iterative process in the design and implementation of a user interface from the conceptual design, prototype design, and customized design to usability testing. It also discusses how to design DLs for people with disabilities.

Part III (Chapters 8–10) discusses the users, search behaviors, preservation, and evaluation of digital libraries. Chapter 8 highlights different types of user needs and their use of digital libraries. It emphasizes search tactics, search strategies, and usage patterns. Most important, factors affecting digital library use are analyzed, from the user’s personal infrastructure to types of tasks and system design. Chapter 9 discusses research and practical approaches to digital preservation in the digital library context. It examines the challenges, goals, and strategies in preserving digital objects, and presents a set of practical guidelines, standards, and technical solutions for preserving digital content. Chapter 10 addresses why evaluation is important, when to evaluate, what to evaluate, how to evaluate, and factors hindering the evaluation. It includes the evaluation objectives, approaches, stages, dimensions, criteria, measurements, data collection methods, and challenges.

Part IV (Chapter 11) highlights the challenges and new developments of digital libraries. Chapter 11 emphasizes future directions and opportunities for digital library research and development. In particular, it examines the new areas of digital libraries development, such as large-scale digital libraries, social media applications in digital libraries, multilingual digital libraries, and digital curation. The challenges that researchers and practitioners face and corresponding topics for further research are also identified and proposed.

Unique features of the book
Compared to the published books on digital libraries, the unique features of this work include:
1. This book integrates both research and practice concerning digital library development, use, preservation, and evaluation. The combination of current research and practical guidelines is a unique strength of this book. The authors bring in-depth expertise on different digital library issues and synthesize theoretical and practical perspectives relevant to researchers, DL practitioners, and students. Professor Iris Xie has conducted digital library research for more than 15 years, and has focused projects on interface design, user studies, digital library evaluation, and social media application. Professor Krystyna Matusiak who was a digital librarian for about 10 years, has built 20 distinct digital collections.

2. This book provides a comprehensive overview of the lifecycle of digital library design, use, preservation and evaluation, including collection development, digitization of multimedia resources, metadata, digital library development and interface design, digital information searching, digital preservation, and digital library evaluation. It provides up-to-date guidelines for digitization of static as well as time-based media.

3. This book reviews empirical studies of digital libraries from a variety of aspects, including many of the authors’ own works: a study of blind users’ help-seeking situations in interacting with digital libraries, and the implications for interface design for blind users (Chapters 7, 8); a Delphi survey of digital library evaluation criteria and measures from different stakeholders of digital libraries (Chapter 10); and a study of social media applications in digital libraries (Chapter 11.)

4. This book offers guidance regarding each component of the lifecycle of digital library development, use, preservation, and evaluation. For example, it presents detailed information regarding how to evaluate digital libraries, specifying types of evaluation dimensions, criteria, measurements, and data collection methods.

5. This book introduces new developments in the area of digital libraries, such as large-scale digital libraries, social media applications in digital libraries, multilingual digital libraries, digital curation, linked data, rapid capture, guidelines for the digitization of multimedia resources, etc.

6. This book identifies challenges and problems that are associated with the lifecycle of digital library creation, use, preservation and evaluation, along with suggestions for overcoming these challenges. In addition, further research questions in relation to these challenges are discussed in Chapter 11.

7. This book offers a comprehensive bibliography for each chapter.

Target audiences
This book is intended for researchers, designers, librarians, archivists, teachers, and graduate students who are interested in digitization, digital library development, management, use, and evaluation. The comprehensive literature review on theory and practice of digital libraries will provide a foundation for education, research, and practice. The implication discussion offers guidance for designers and librarians in designing and evaluating digital libraries for the general public, as well as for specific user groups. This book can also serve as a textbook for digital library education in library and information science programs as well as affiliated programs.

Members of the following associations would be the primary readers for the book: (1) Association for Information Science and Technology (ASIST), (2) Association for Computing Machinery (ACM), (3) a variety of library associations, such as the American Library Association (ALA), Special Library Association (SLA), Digital Library Federation (DLF), etc. (4) IEEE Computer Society, (5) Association for Library and Information Science Education (ALISE). The secondary audience could include researchers and practitioners from other related disciplines (e.g., computer science, engineering, health, education, etc.) who are interested in digitization, digital library design, use, and evaluation.
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Chapter 1

Introduction to digital libraries
Abstract
This chapter provides an introduction to the development of digital libraries with a brief review of selected definitions developed in the research and practice communities. It also examines the key frameworks of digital libraries. Furthermore, this chapter traces the evolution of digital libraries beginning with a Prelude: Early Visionaries and the Pre-1990s Era, and then moving into the Formative Years: 1991–2001, Building the Content and Opening Access: 2000s, and Large-scale Digital Libraries: 2010–. This chapter also highlights the major developments and projects in the field. Finally, the benefits and challenges within each period of digital library development are discussed.
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Introduction
Digital libraries emerged in the early 1990s but were preceded by inspiring visions of innovative thinkers and several decades of intensive development within information technologies. The innovative ideas for using information technology to organize and disseminate knowledge go back to futuristic essays by H.G. Wells and the work of early information scientists Paul Otlet, Vannevar Bush, and J.C.R. Licklider (Grudin, 2011; Lynch, 2005; Rayward, 1994;  1997;  2005). Unveiling his vision of a “world brain,” a universal encyclopedia, H.G. Wells wrote in 1938: “The time is close at hand when any student, in any part of the world, will be able to sit with his projector in his own study at his or her own convenience to examine any book, any document, in an exact replica” (p. 77). The ideas of H.G. Wells and Vannevar Bush captured popular imagination and inspired future information scientists and inventors, but the technology that led to the development of digital libraries turned out to be quite different from that which they envisioned.

It was progress in digital computing (rather than the analog machines proposed by Bush) and the growth of computer networks that have enabled the construction of digital libraries and remote access to digital representations of scholarly and cultural resources held in libraries, archives, and museums. Nonetheless, the futuristic visions, as reflected in H.G. Wells’ quotation in the preceding paragraph became a reality to a certain extent. Nowadays, students can easily access books and other scholarly resources, including Wells’ World Brain, from their laptops or mobile devices. Digital libraries transcend physical and technical barriers to give access to information resources and enable novel ways of examining and linking these resources together. The digitized version of Wells’ book, its “exact replica,” is technically available through the Google Book Project and HathiTrust Digital Library. Due to copyright restrictions, however, access to its content is limited to students and faculty whose universities are members of HathiTrust. Universal access to “any book, any document” as envisioned by Wells (1938, p. 77), is technically feasible but is currently constrained by social and legal barriers. As Michael Lesk (2012) points out, the technological obstacles that were dominant in the first phase of digital library development have been generally overcome by progress in computers and networking, but the legal and social challenges remain.

Digital libraries encompass a wide range of materials, from books to representations of three-dimensional artifacts. The content is either created digitally or converted from a variety of analog sources through digitization. Extensive digitization efforts have accompanied the construction of digital libraries to transform the wealth of traditional scholarly and cultural materials held in libraries, archives, and museums into a digital format. The conversion process is far from complete. Nonetheless, for the first time in the history of recorded knowledge, information resources can be free from physical carriers and are available in a uniform digital form, regardless of their original sources and types of presentations. David M. Levy (2003) observes, “a single medium or representational format (ones and zeros) is now capable of representing all the forms of talk we have so far managed to create: text and graphics, voice, and moving images. And a single device is capable of making all these forms manifest” (p. 36). Levy (2003) also notes that all artifacts and documents are fundamentally social, created and used in the context of human activities.

On one hand, this shift from analog to digital methods in recording, transmission, and storage offers tremendous benefits for access and new forms of interaction with text and image. On the other hand, it poses unique challenges for organizing, presenting, and preserving digital resources and serving user communities in virtual information spaces. The streams of ones and zeros don’t have much value unless they can be transformed into useful and usable scholarly, educational, and personal resources. The organizational aspect became the center of attention in the early phase of digital library development as the library cataloging standards developed in the print environment did not translate well into the digital realm. The initial construction of digital libraries was accompanied by the explosion of new metadata schemas, a so-called metadata renaissance as described by Calhoun (2014). Digital libraries have emerged as complex systems that serve not only as repositories of digital objects with associated metadata but also as information systems in a networked environment providing search and retrieval mechanisms and supporting user interaction. The contributions from computer science and the advances in information search and retrieval have enhanced the functionality and technical capabilities of DL systems.

Multiple, and often competing, definitions of what is a DL have emerged in the library and computer science communities. The concept was extensively debated during the formative period in the 1990s. Researchers were trying to reconcile the mission and principles of traditional libraries with the digital format of information resources, distributed network access, and new interaction capabilities and at the same time address the uniqueness of digital libraries, especially in contrast to resources available through the open web. The debate on what constitutes a DL is very important, as it not only advances research and practice but also has broader implications for the evaluation of digital libraries and their educational and social use (Bawden and Rowlands, 1999; Borgman, 2000). Digital libraries are viewed as multidimensional phenomena consisting of multiple layers and building blocks, available in the distributed network environment, with resources and associated services developed, organized, and managed to support users’ scholarly and educational activities as well as personal research. The social–technical perspective is applied to consider the complexity of digital libraries as systems of technology, documents, users, and practices existing in social contexts (Bishop et al., 2003).

The evolution of digital libraries is marked by several phases, comprising the early transitional projects and the formative decade in the 1990s, mass digitization in the 2000s, and the large-scale aggregations undertaken in the last few years. Digital libraries have evolved into complex, multilayered, distributed systems since the first digital collections were made available over the Internet in the mid-1990s. For the first two decades, digital libraries were constructed primarily as standalone entities with strong institutional ties to libraries, archives, and museums. This landscape of multiple, discrete, and dispersed collections proves to be challenging for resource discovery as it requires locating and searching individual digital libraries. The difficulties in resource discovery, however, have begun to be addressed in recent years. Large-scale digital libraries, such as the Digital Public Library of America, Europeana, or HathiTrust, aggregate content from smaller individual digital libraries and provide portals for global searching and retrieval.

The initial development of digital libraries was focused on building the technical infrastructure. At the time, they tended to be system centered and rarely incorporated research on user needs or evaluation from the user perspective. However, as digital libraries expanded, it became clear that they were difficult to use and posed usability problems (Blandford et al., 2004; Borgman, 2003). Usability became an important area of research in the digital library field, as well as becoming a form of evaluation (Buttenfield, 1999; Chowdhury et al., 2006; Jeng, 2005). Buttenfield (1999) recognized early on that digital libraries are information systems that people use to satisfy information needs not easily met in a traditional library and called for the adaptation of a wide range of usability methods. Usability has been identified by users as the most important criterion in evaluating digital libraries (Xie, 2006). The perceptions of usability and usefulness also play an important role in user adoption of digital libraries for educational use (Liu and Luo, 2011; Matusiak, 2012).

The development of digital libraries occurred concurrently with the emergence of the web. Digital libraries have adopted some Internet technical standards and have become part of the global networking infrastructure. But in this new and dramatically changing environment, libraries lost not only their primary role as information providers but also a visible and unique identity (De Rosa et al., 2005; Law, 2009;  2011; Lagoze, 2010). Digital libraries are now part of a broader information landscape, often competing for users’ attention with a multitude of other information resources. Lagoze (2010) argues persuasively that digital libraries, with their institutional affiliation and traditional information models, have been less responsive to user expectations and changing information behaviors. Digital scholarly publications have become a mainstream resource in academic research, but the adoption of digital libraries in personal research and for educational use has been limited (Bearman, 2007; Liu and Luo, 2011; Matusiak, 2012; McMartin et al., 2008). Digital libraries are relatively new phenomena, and, like many new and emergent information systems, they face challenges of discovery, acceptance, and utilization. The social aspects of digital libraries and support for users’ scholarly and educational activities represent areas that require further attention in research and practice.

Definitions and frameworks of digital libraries
The concept of a digital library, as an entity separating from a traditional library, emerged in the mid-1990s. Prior to that, many institutions maintained collections of purchased electronic resources or even digitized materials, but did not refer to them as separate collections or libraries (Schwartz, 2000). Several different terms, including “electronic library,” “virtual library,” “network-accessible libraries,” or “libraries without walls” were used to describe the new phenomenon in the early phase of digital library development. The term “digital library” came from the National Information Infrastructure Initiative (Bearman, 2007; Lagoze, 2010). It quickly gained acceptance despite some concerns that the combination of “digital” and “libraries” was somewhat misleading and blurred the distinction between collections of network-accessible electronic resources and libraries as institutions (Lynch, 1993). Communications of the ACM devoted an entire issue to digital libraries in May 1995. Fox (1995), in the introductory article, noticed a shift in terminology from “electronic library” to “digital library.”

The first definitions that originated in the research community focused on the digital content and enabling technologies. The library community joined the debate in the late 1990s, emphasizing traditional library functions and services. The subsequent definitions attempted to reconcile the views of researchers and librarians and provide multifaceted perspectives emphasizing heterogeneous content, technical capabilities, and new functionality supporting diverse communities of users. The concept of digital libraries as a sociotechnical construct captures the complex nature of user interaction with these systems in the dynamic context of social practices. Digital library frameworks have emerged in response to the difficulty of describing the complexity of these systems by a single definition.

This review is limited to selected definitions illustrating the evolution of understanding of digital libraries. The proliferation of digital library definitions makes a comprehensive review very difficult. Schwartz (2000) identifies 64 formal and informal definitions. The purpose of these intensive intellectual activities has been to understand the nature of the emerging phenomenon and to provide a theoretical foundation for research and future development of digital libraries. The evolution of the concepts of digital libraries demonstrates a shift from the early focus on the traditional library model and the system-centered approach to emphasizing the complexity of these systems, their multiple dimensions, and the social context of use.

Early definitions
A significant part of early digital library research efforts concentrated on defining the new phenomenon in an attempt to articulate its purpose and find answers to the fundamental question: what is a digital library? (Levy, 2000; Lyman, 1996; Marcum, 1997). Researchers not only differ in their answers and offer competing visions, but they don’t even agree on whether an explicit definition is possible or necessary (Greenstein, 2000). Many researchers emphasize that the term “digital library” evokes different meanings to different people (Borgman, 1999; Fox, 1995; Schwartz, 2000). The diversity of opinions stems from the fact that the early concepts of digital libraries combined the missions, techniques, and cultures of traditional libraries with the capabilities and cultures of computing and telecommunications (Marchionini, 2000).

The early definitions of digital libraries illustrate the tension between researchers and practitioners and further focus on the networking technologies, digital format of collections, organization, and promise of universal access. The Association of Research Libraries (ARL) provided one of the early definitions of a digital library. The ARL definition is based on a book by Karen Drabenstott, Analytical Review of the Library of the Future, published in 1994 (Drabenstott, 1994). The definition identifies common elements of a digital library:
• The digital library is not a single entity.

• The digital library requires technology to link the resources of many.

• The linkages between the many digital libraries and information services are transparent to the end users.

• Universal access to digital libraries and information services is a goal.

• Digital library collections are not limited to document surrogates; they extend to digital artifacts that cannot be represented or distributed in printed formats (Association of Research Libraries, 1995).

The aforementioned definition focuses on the digital nature of collections, enabling network technology, and issues of access. In this respect, it reflects the early stage of thinking about digital libraries. It was, however, widely adapted in research projects (Koohang and Ondracek, 2005; Schwartz, 2000; Xie, 2006) and incorporated into other definitions.

Fox (1995) emphasizes the great potential of digital libraries in fulfilling “the age-old dream of every human being: gaining ready access to humanity’s store of information” (p. 23). He embraces the computer science approach along with the traditional library perspective and sees digital libraries as networked information systems carrying out the functions of libraries in a new way, and they offer new possibilities to organize and access information resources. Fox notices that the metaphor of a traditional library is “both empowering and constraining” and points out that much of the power of digital libraries is in access to actual objects (p. 25). Lesk (1997) also highlights their new capabilities, describing them as the “powers we never had with traditional libraries” (p. 1). In his opinion, the great advantage of digital libraries lies not only in access but also in the organization of digital content enhanced by indexing and full-text retrieval. He emphasizes organization as a key element and simply defines a digital library as “a collection of information that is both digitized and organized” (p. 1).

Definitions offered by the library community shift the focus from the word “digital” to “library” and elaborate on the role and functions of libraries in the new digital environment. Digital libraries are not seen as new or unique phenomena but rather as extensions of traditional libraries delivering new types of information resources and offering new user services. The Digital Library Federation (DLF) presents a definition that de-emphasizes the digital nature of collections but stresses the functions and services offered by libraries as organizations. The DLF describes digital libraries as “organizations that provide resources, including the specialized staff, to select, structure, offer intellectual access to, interpret, distribute, preserve the integrity of, and ensure the persistence over time of collections of digital works so that they are readily and economically available for use by a defined community or set of communities” (Waters, 1998, para. 3). This definition reflects the conviction that, with time, there will be less emphasis on the digital nature of material and more on traditional roles of libraries. The DLF definition includes distinct traditional library roles—such as selection, intellectual control, providing access, and preservation—applied to digital works.

Multifaceted definitions and perspectives
The definitions that emerged in the second decade of digital library development emphasize multiple facets of these systems and combine the technical components with services and social aspects. Borgman (1999), in her comprehensive overview of early definitions, points to the diverging views of the research and library communities. Librarians envision digital libraries as extensions or augmentations of traditional libraries with resources in digital format and new types of services, while computer scientists view digital libraries as enabling technologies and networks.

Research-oriented definitions tend to give a narrower view as they primarily concentrate on the technical aspects of digital format, information architecture, and information retrieval. Practice-oriented definitions see digital libraries in social and institutional contexts and emphasize services. Borgman proposes a definition that would bridge the two conflicting approaches. Her definition has two elements:
• Digital libraries are a set of electronic resources and associated technical capabilities for creating, searching and using information.

• Digital libraries are constructed, collected, and organized by (and for) a community of users, and their functional capabilities support the information needs and uses of that community (Borgman, 1999).

Arms (2000) also attempts to reconcile the computer science approach with the librarians’ perspective. He offers a succinct definition of a digital library as a managed collection of information in a digital format, with associated services, and accessible over networks. Arms places importance on the quality of managed, curatorial collections, where digital objects are described and organized systematically and made available to the public through a searchable interface.

The concept of digital libraries as unique or complex phenomena has emerged in studies examining their actual use and in the context of constructing such systems. Marchionini (2000) stresses that digital libraries have a combination of traditional library roles as well as aspects of computing. However, in his reflections on the multiyear evaluation of the Perseus Project, he describes digital libraries as “emergent complex systems” (p. 326). Witten and Bainbridge (2003) echo earlier definitions by underscoring the principles of selection and organization. They define a digital library as “a focused collection of digital objects, including text, video, and audio, along with methods for access and retrieval, and for selection, organization, and maintenance of the collection” (p. 6). The concepts of selection, organization, and management are central to the authors’ understanding of digital libraries. Although these concepts reflect traditional values of librarianship, Witten and Bainbridge do not perceive digital libraries as extensions of existing institutions, simply computerized or digitized libraries, but rather as a unique phenomenon that offers new ways of creating knowledge.

The sociotechnical perspective shifts the focus of the debate from technical aspects to the social context of digital library use and evaluation (Bishop et al., 2003). The editors of the book Digital Library Use: Social Practice in Design and Evaluation highlight the complexity of digital library systems, especially if viewed as part of interactions with the larger world of work, study, and collaborative activities of users and developers. Digital libraries are broadly defined as “sociotechnical systems – networks of technology, information, documents, people, and practices” (Bishop et al., 2003, p. 1). The emphasis of this perspective is on the design of digital libraries, based on an understanding of user needs and activities and on their role in the processes of knowledge construction viewed in a broader social context. The authors comment on the relationship between digital and traditional libraries, noting that some digital libraries are an outgrowth of traditional libraries, while other digital libraries only relate to traditional libraries metaphorically. The view of digital libraries as a social–technical phenomenon is espoused by several authors of chapters in the Digital Library Use: Social Practice in Design and Evaluation book, with Levy (2003) examining the social nature of documents and Agre (2003) commenting on digital libraries embedded in the social world.

Lagoze et al. (2005) reflect on the state of digital library development in the age of Google and argue that digital libraries should move away from the legacy of the traditional library information model built around metadata repositories. The new information model should move beyond search and access functionality and enable creating collaborative and contextual environments where information resources are “shared, aggregated, manipulated, and refined” (Lagoze et al., 2005, para. 10). The authors don’t propose yet another definition but describe digital libraries in terms of desired characteristics, including
• Selection of resources according to the criteria relevant to the digital library mission

• Services to facilitate the use of resources by the target community

• Collaborative features, allowing users to contribute knowledge and reuse resources

• Contextual features enabling the relationships between the resources

Furthermore, Lagoze et al. (2005) describe their work of extending the functionality of the National Science Digital Library (NSDL), where they propose a new, resource-centric information model for managing, manipulating, and processing content and metadata.

In a recent publication, Calhoun (2014) expands the understanding of digital libraries by incorporating the architecture of digital library systems and the concepts of open access. She proposes a practical definition that combines multiple components, including systems and services, managed collections of digital content “intended to serve the needs of defined communities” (p. 18), a system architecture centered on a repository, search features, and user interfaces. This definition focuses on the technical infrastructure built with repository systems, reflecting the current state of digital library development. Unlike the earlier perspectives, Calhoun’s definition calls attention to digital libraries’ purpose in supporting the “advancement of knowledge and culture” (p. 18) and the availability of their content in open access. Calhoun recognizes the importance of social roles of digital libraries, noting, “social roles and communities are more likely to abide over time; collections and enabling technologies are more likely to shift” (p. 19). Table 1.1 provides a summary of selected definitions and perspectives.

Table 1.1

Selected Concepts of Digital Libraries




	Author(s)
	Digital Library Components
	Emphasis





	
Single-field perspective





	Association of Research Libraries (1995)

	Not a single entity = bibliographic control + digital objects + enabling network technologies
	Digital nature of collections; access to full-text documents; universal access



	Fox (1995)

	Networked information systems = information resources + new ways to organize + new ways to access and retrieve
	Distributed networks; information retrieval; extended access to information resources



	Digital Library Federation (Waters, 1998)
	Organizations = distributed digital resources + staff + library services
	Extension of traditional libraries as organizations; traditional library roles and services



	
Multifaceted perspectives





	Borgman (1999)

	Digital libraries = digital resources +  associated technical capabilities +  network distribution
User-centered approach = services supporting user needs

	Digital format and enabling technologies; community of users; user support



	Arms (2000)

	Managed collection of digital information = resources in a digital format + associated services + network access
	Curatorial responsibility: selection, organization, and preservation;
user services




	Witten and Bainbridge (2003)

	Heterogeneous systems = digital resources in multiple modes of representation + metadata + methods for access and retrieval
	Selection, organization, and maintenance; new ways of creating knowledge



	Bishop et al. (2003)

	Sociotechnical systems = networks of technology + information +  documents + people + practices
	Digital technology; knowledge work; social practices; user-centered approach



	Lagoze et al. (2005)

	Multilayered resource-centric model = network of selected resources + structural and semantic relationships
	New information model going beyond search and access; collaborative and contextual environment



	Calhoun (2014)

	Digital libraries = systems and services + managed collections of digital content + repository-centered architecture
	Open access; support for the advancement of knowledge and culture
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Digital library frameworks
Digital library frameworks have emerged in recent years as a sign of the digital library research field becoming more mature and in response to a growing realization that the complex nature of these systems and their multiple facets are impossible to capture by a single definition or perspective (Candela et al., 2007b). The authors of the frameworks build upon the previous conceptual work and advance the understanding of digital libraries as unique, multidimensional phenomena by identifying the core concepts and outlining the relationships between them. The goals of the theoretical models are to provide a foundation for digital library research, a common vocabulary, and to further the development of information models and such systems. The two frameworks reviewed here were developed by interdisciplinary teams of researchers. Table 1.2 provides a summary of their key features.

Table 1.2

Digital Library Frameworks




	Name/Authors
	Digital Library Components
	Emphasis





	The DELOS Manifesto
(Candela et al., 2007b)

	A three-tier framework = Digital libraries as virtual organizations + DLS that users interact + DLMS providing software infrastructure
	Six fundamental concepts: content, user, functionality, quality, policy, and architecture



	The 5S
(Fox et al., 2012)

	Complex systems defined in terms of

Streams

Structures

Spaces

Scenarios

Societies


	Theoretical constructs capturing the essence of an information lifecycle
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The DELOS Manifesto is a conceptual framework developed by the members of the DELOS Network of Excellence in Digital Libraries, a research group funded by the European Union (Candela et al., 2007b). The Manifesto identifies key concepts, sets the foundation to facilitate the integration of research, and supports the development of improved and more flexible digital library systems. Digital libraries are understood broadly as the center of intellectual activity that enables collaboration, communication, and other forms of dynamic interaction and research activities. As demonstrated in Fig. 1.1, the digital library framework consists of three interrelated tiers:
• Digital library—represents an organization that collects, manages, and preserves the rich digital content on behalf of users.

• Digital library system (DLS)—a software system that is based on a defined architecture and provides all functionality.

• Digital library management system (DLMS)—a generic software system that provides the infrastructure to produce and administer a digital library.

[image: image]Figure 1.1 Digital Library, DLS, and DLMS: A Three-Tier Framework (Candela et al., 2007b)



Six core concepts are associated with the proposed digital library framework: content, user, functionality, quality, policy, and architecture. The three-tier framework provides a systematic approach to all levels of digital library development and use. It distinguishes between the technical infrastructure and software needed to develop and administer instances of digital libraries, the digital library systems that users interact with, and organization(s) responsible for collecting and managing digital content. The framework serves as a foundation for the Digital Library System Reference Architecture (Candela et al., 2007a). The Reference Model and DLMS are reviewed in Chapter 6. Candela et al. (2007b) also discuss the roles of actors in digital library systems: digital library end users, digital library designers, digital library system administrators, and digital library application developers. Digital library end users use the content and services via different digital library functions. Digital library designers define, customize, and maintain digital libraries based on their own expertise and knowledge. Digital library system administrators are responsible for the selection of software components, in particular the identification of the architectural configuration to construct the digital library system. Digital library application developers develop the software components of DLMS and DLS for different types of functionality.

The 5S—Societies, Scenarios, Spaces, Structures, Streams model provides a theoretical foundation for defining key constructs of digital libraries, which are viewed as complex systems of digital content, people, and technology. The authors propose a simple definition of digital libraries and define a set of abstractions representing the fundamental entities involved in the process of digital library development and use (Fox et al., 2012). This model builds on the authors’ previous work in which the concepts of streams, structures, spaces, scenarios, and societies were defined (Gonçalves et al., 2004). Digital libraries are defined as complex systems that
• Help satisfy info needs of users (societies)

• Provide info services (scenarios)

• Organize info in usable ways (structures)

• Present info in usable ways (spaces)

• Communicate info with users (streams) (Fox et al., 2012, p. 6)

The focus of this definition is on the information lifecycle in which users perform tasks and interact with organized information sources in order to accomplish their goals. The theoretical elements of the framework are described as follows:
• Streams represent information flow and can be used to model content, which can be static (text, image) or dynamic (video).

• Structures support the organization of information in a usable and meaningful way.

• Spaces are collections of documents and are used in the context of access and presentation.

• Scenarios are used to describe user tasks and activities, which, in the context of digital libraries, can convey services.

• Societies refer to different communities of users; members have different roles and can undertake a range of activities.

The essential constructs are highly abstract and do not correspond directly to digital library concepts of digital objects, collections, services, etc., but can be used to define them. For example, digital objects can be described in terms of streams and structures. The 5S framework provides a foundation for taxonomy of digital library terms and was used in developing an library and information science curriculum for educating future digital library professionals.

The review of research literature demonstrates an evolution of concepts since the emergence of digital libraries in the mid-1990s. The understanding of digital libraries has evolved from a one-dimensional perspective, seeing them as extensions of traditional libraries or network systems, to views of them as unique, multifaceted, and social phenomena that play an important role in knowledge construction. This review is based on previous work that was revised and expanded for the purpose of this chapter (Matusiak, 2010).

Evolution of digital libraries
“Digital libraries have a short yet turbulent and explosive history,” remarked Tefko Saracevic in 2000 (p. 350). Although more than a decade passed, his statement is still true, especially in light of the long history of recording and organizing information resources. Despite an intensive period of development, digital libraries are a relatively new and emergent phenomenon. The history of digital libraries is divided into two decades, with some researchers placing the beginning in 1991 (Arms, 2012; Calhoun, 2014), while others point to 1994, as it was the year when systematic funding began to be available for digital library research and development (Dempsey, 2006; Lynch, 2005). The mid-1990s also coincided with the emergence of the web and the release of the first browsers. Lynch (2005), however, states that “very substantial digital library systems were developed prior to the World Wide Web” (para. 4). This section provides a brief overview of the evolution of digital libraries. It begins with highlighting the innovative ideas of early visionaries and key contributions of the pre-1990s era. Next, it traces the major phases in the development of digital libraries and reviews exemplary projects in the scientific and cultural heritage communities.

Prelude: early visionaries and the pre-1990s era
Vannevar Bush and J.C.R. Licklider are widely recognized as digital library pioneers (Arms, 2000; Calhoun, 2014; Lesk, 2005;  2012). Lynch (2005) also points to H.G. Wells and Paul Otlet as early thinkers in the “prehistory” of digital libraries. H.G. Wells, a famous writer of science fiction, was also a utopian socialist who believed that some form of permanent world encyclopedia would bring together scattered intellectual resources and advance universal education. His idea of universal access to knowledge is formidable and some of the passages predicting the use of imaging as a duplication method to create “microscopic libraries of record” are indeed striking (Wells, 1938, p. 76). Rayward (1999) argues in his critical reassessment that Wells’ vision of a “world brain,” with its central control, is rather troubling. Other researchers note a collaborative nature to Wells’ universal encyclopedia and see it as a precursor to Wikipedia (Reagle, 2010).

Paul Otlet was a contemporary of H.G. Wells and a strong proponent of a universal encyclopedia as well. Otlet was a Belgian bibliographer, a founder of documentation, and an innovative thinker whose contributions to knowledge organization and information science, largely forgotten, have been rediscovered thanks to the historical studies of W. Boyd Rayward (1994,  1997). As Rayward (1997) points out, Otlet was concerned with the growth of publications and believed that technological innovations would provide a solution to storage, organization, and retrieval of records of knowledge. The technologies that he had at his disposal were index cards and microphotography. He constructed systems of interlinked bibliographic records, images, and excerpts from publications. These analog databases, or “repertories” as Otlet referred to them, were standardized and used Universal Decimal Classification as a common organizational schema. Rayward (1994) describes repertories as prototypes of hypertext systems consisting of “nodes or chunks organized by a system of links and navigational devices that allowed the movement of the user from bibliographic reference to full text to image and object” (p. 240). Otlet’s writings also include innovative ideas about the power of multimedia in knowledge diffusion and concepts of mechanized information retrieval. His contributions are now acknowledged and afforded him recognition as a “forefather of the Internet” (Manfroid et al., 2013, p. 312).

Vannevar Bush, an American scientist and engineer, published his essay “As We May Think” in 1945 when he was the head of the US Office of Scientific Research and Development. In his position at the Office of Scientific Research and Development, Bush oversaw the Manhattan Project and witnessed firsthand the expansion of scientific research and its unprecedented role in warfare. In his essay, he commented on the exponential growth of scientific publications and increasing specialization and argued that traditional indexing methods were inadequate to meet the demands of modern scientists. He proposed organizing resources by association, which, in his opinion, reflected the way a human mind works. Furthermore, in reviewing advancements in photography and microfilming, he predicted the use of imaging for reproduction and efficient storage, which he called the “compression” of library collections in his words. Bush envisioned automating the process of storage and retrieval and using microfilm for copies of books and other documents stored in a new kind of device that he called a memex. He described it as a “sort of mechanized private file and library” (Bush, 1945, para. 55). The memex was meant to extend researchers’ memory through a trail of associations that would link documents. The physical device that Bush described resembled a desk and included screens on which material was supposed to be projected. The design of the memex was analog using the technology available at the time. As his biographer states, Bush was an expert in analog computing and code-breaking machines but never became comfortable with digital computing (Zachary, 1997). Drawings of the memex appeared in Life magazine, but the actual machine was never built. However, the ideas expressed in “As We May Think” inspired the new generation of information scientists and inventors.

J.C.R. Licklider was the first researcher who envisioned the use of digital technology not only to make the body of recorded knowledge available to users in a more efficient way but also to enable new forms of interactions. In 1965, when he published his book Libraries of the Future, digital computing was primarily conducted on large mainframe computers in research laboratories. His idea of extending the notion of libraries to computers was radical at the time. Like Bush, Licklider was concerned with the proliferation of scientific publications. He dismissed the notion of physical libraries and books as unsatisfactory forms of information storage, organization, and retrieval. His vision moves away from books and documents to transformable information, representing ideas and facts in classes of information and domains of knowledge. Licklider (1965) states: “we need to substitute for the book a device that will make it easy to transmit information without transporting material, and that will not only present the information to people but also process it for them” (p. 6). Libraries of the future, “procognitive systems” as he calls them (p. 6), are described as a meld of a structured body of knowledge and intelligent computer processing. Licklider imagined highly interactive, “question–answer” systems capable of analyzing information on behalf of users, including reading, comprehending information, and compiling abstracts. As a computer scientist and psychologist, Licklider was interested in human–computer interaction and envisioned new systems as a way of augmenting human processing.

Libraries of the Future is also known for its quite accurate prediction of the emergence of digital libraries in 1994 (Arms, 2000). Licklider (1965) indeed points to 1994 as a possible date but cautiously notes, “we expect that computers will be capable of making quite ‘intelligent’ contributions by 1994, […] but we prefer not to count on it” (p. 58). Present-day digital library systems include many features predicted by Licklider, but they also fall short of his vision. Despite the digital format and more efficient storage and retrieval, digital libraries remain primarily collections of books and documents, and the level of interaction and processing is not near that which Licklider envisioned. In addition to his prescient and innovative ideas for the design of future libraries, Licklider also contributed to the development of computer networking, operating systems, and artificial intelligence. As a director of one of the agencies within the US Department of Defense’s Advanced Research Projects Agency (ARPA), he was involved in developing the ARPANET, the direct predecessor to the Internet. The publication of Libraries of the Future in 1965 marks a transition from the visionary designs to the developments of technical infrastructure and standards that provide a foundation for constructing digital libraries (Lynch, 2005).

The period between 1965 and 1990 saw the expansion of computing beyond research labs, with a transition from mainframe systems to personal computers and the development of a globally distributed information environment. Computer networks enabled the sharing of information between interconnected sets of computers, but it was the expansion of ARPANET and the introduction of standard networking protocols that led to the emergence of the worldwide network of networks, the Internet. The advancements in networking and improvements in computer processing and storage capabilities were accompanied by research in indexing, natural language processing, and information retrieval (Calhoun, 2014; Lesk, 2005). The first commercial retrieval systems were built in the 1970s with LEXIS providing access to legal information and DIALOG serving the scientific community. As Calhoun (2014) notes “libraries were early adopters of online information systems” (p. 4) with librarians serving as intermediaries and expert searchers.

Computing was introduced in libraries in the 1960s and the library community developed their own online services and standards, such as the machine readable cataloging (MARC) format and the Z39.50 protocol. MARC was developed in the 1960s as a standardized format for exchanging cataloging records. The Library of Congress began distributing MARC records in 1969 (Arms, 2012; Calhoun, 2014; Lesk, 2012). Online library catalogs were developed in the late 1970s and became part of automated library systems. Z39.50 was one of the first protocols for distributed computing and enabled searching collections on remote systems (Arms, 2012). MARC and Z39.50 were used in some early digital projects, and although later replaced by newer standards, nonetheless, they provided a foundation in the initial phase of digital library development. Improvements in scanning technologies in the late 1980s encouraged libraries to experiment with the digitization of selected cultural heritage materials. The first digitized collections were available on CD-ROMs or through local library networks. The invention of the web by Tim Berners-Lee in 1990 changed the landscape dramatically. The early experimental projects moved to the web, and the development of digital libraries began in earnest.

The formative years: 1991–2001
Several research findings point to 1990 as a turning point when technological advancements in computing made it possible to move from a vision and experimental project into digital library practice (Arms, 2012; Calhoun, 2014). Arms notes, “about 1990, computing reached a level where it became economically possible to mount large collections online and to access them over networks… [The] libraries of today were formed by the energy and creativity of these efforts” (2012, pp. 579–580). The first decade was a period of intensive interdisciplinary research on concepts, architectural models, metadata standards, and digitization best practices and guidelines. Digital libraries emerged as a field of scientific inquiry with research agenda focused on digital libraries as networked information systems. Research efforts were accompanied by prototype building and developing digital library technical infrastructure.

Digital Library Initiatives
Sponsored research initiatives gave considerable impetus for digital library development during the first decade. In the United States, the federal government provided systematic funding for digital library research that was formulated in a series of planning workshops sponsored by the National Science Foundation (NSF) in 1993–94 and then established as the Digital Library Initiative (Griffin, 2005; Mischo, 2005). The Digital Library Initiative consisted of two phases:
• Phase I (1994–98) involved three US federal agencies: the NSF, the National Aeronautics and Space Administration, and the Defense Advanced Research Projects Agency. The funding was awarded to six university-based projects with the focus on information technology and testbeds. Support was not provided for the creation or conversion of digital content (Griffin, 2005).

• Phase II (1998–2002) had support from NSF, the National Aeronautics and Space Administration, and the Defense Advanced Research Projects Agency as well as additional agencies, including the National Library of Medicine, the Library of Congress, the Federal Bureau of Investigation, and the National Endowment for the Humanities. The second phase of the Digital Library Initiative was envisioned as a broader program extending beyond research on information systems into content development, use, and usability. Fifty projects were awarded funding during the second phase. As Griffin (2005) notes, “the projects addressed topics spanning the entire information lifecycle—creation, access, dissemination, use, and preservation—and placed additional emphasis on measures of impact” (pp. 22).

In addition to funding through the Digital Library Initiative, support for digital projects in the United States has also been available through the Library of Congress, the Institute of Museum and Library Services, and private foundations. In the United Kingdom, government funding was provided through the Joint Information Systems Committee for the eLib program that began in 1995 (Calhoun, 2014; Carr, 2009). The European Commission funded digital library programs through the European Union’s Framework Programme.

These funded digital library projects represent the top research on different technical and social aspects of digital libraries. Among them, the Alexandria Digital Library is a typical example. It sets out to build a digital library service for spatial and geographic data. It consists of maps, remote-sensing maps, pictures, and text materials. The testbed system entails four components: a graphical user interface, a catalog component, a component for adding new items, and a storage component. The main approaches for the project are: (1) many classes of collection items, (2) user interface digital library architecture with catalog components, (3) Internet access by a variety of users, (4) interoperability with other digital library activities, (5) an iterative design by incorporating new technologies, and (6) support for traditional library functionality (Larsgaard and Carver, 1995; Smith, 1996; Smith and Frew, 1995). Fig. 1.2 presents the legacy search page of Alexandria Digital Library. This project has evolved into the current Alexandria Digital Research Library (http://alexandria.ucsb.edu/).
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One unique contribution of the Alexandria Digital Library project is its iterative design process based on user feedback. A series of studies were conducted to test user interfaces of the Alexandria Digital Library. Generating data from users’ interactions with the interfaces of Alexandria Digital Library, Hill et al. (2000) identify problems with the interfaces, the requirements of system functionality, and the collection of the digital library. The following implications for the design of digital library interfaces are suggested: unified and simplified search, being able to manage sessions, more options for results display, offering user workspace, offering more help functions, allowing easy data distribution, and informing users of the process status. Analyzing a 12-month time series of transaction logs from the Alexandria Digital Library, Buttenfield and Reitsma (2002) developed a model of transactions in relation to time, origin, and destination components to detect patterns of user navigation within the digital library. The findings show that user training, instead of changes to the user interface, had a significant effect on transaction patterns. Through interviews with faculty members, Borgman et al. (2005) reveal that faculty members preferred searching for locations, place names, concept, or themes and that their personal research resources were used extensively in their teaching. The findings yield implications for the creation of personal digital libraries as well as the capability to import data from different formats and standards. In addition, digital library design also needs to facilitate the sharing of resources among faculty members.

Early Digital Library Projects
The early digital library projects arose out of the traditional library environment. The Internet gave new possibilities for global information sharing. Early digital library projects gradually moved to the web environment. Examples of these transitional digital library projects include: Project Mercury sponsored by Carnegie Mellon University, the Perseus Digital Library, the Chemistry Online Retrieval Experiment (CORE), Elsevier’s TULIP project, and the Envision Project. Following is a discussion of two digital library projects that represent a focus on humanities and science in this period of time: The Perseus Digital Library and the CORE project.

The Perseus Digital Library is one of the key early digital library projects. Perseus version 1.0 started as a CD-ROM of mainly Greek texts and English translations. The Perseus Digital Library went live on the web in 1995 and further expanded its collections to Greco-Roman materials. The turning point in this project was receiving funding from the Digital Library Initiative Phase 2, which enabled the Perseus Digital Library to include more digital collections in the humanities. Perseus 3.0 and the Java-based 4.0 version were released on the Internet. It moved from a teaching tool to a research tool (Crane, 2015; Preece and Zepeda, 2009). The Perseus digital library is considered as the most important resource in the study of Greece and Rome, and it is also regarded as a role model in the adoption of technology in the humanities (Dubis, 2003; Wilson, 2000). Fig. 1.3 presents the homepage of Perseus Digital Library.
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Perseus is considered by researchers as a typical digital library and has been examined to generate recommendations for digital libraries in general. Several cases studies have closely analyzed the use of the Perseus project. Three years of investigation of the Perseus project in different learning environments shows that it offers information and resources for users and also requires users to apply new strategies to interact with the system (Marchionini and Crane, 1994). The Perseus Digital Library illustrates the importance of longitudinal and multifaceted evaluation of digital libraries. The subsequent recommendations for the evaluation of digital libraries are proposed: evaluation needs to consider system testing along the way; evaluation needs to adapt to changes; evaluation needs to apply both quantitative and qualitative data (Marchionini, 2000). Another case study identifies what needs to be improved in the Perseus Digital Library including the problem of implicit hyperlinks, path tools, authoring tools, etc. (Yang, 2001).

In contrast to the Perseus Digital Library, the CORE project is a digital library that mainly consists of journal articles in chemistry. The CORE project sets up a model for converting large collections of texts and graphics in a distributed network environment. The unique characteristics of this project are (1) scanning and converting a large amount of information, (2) including both text and graphical data, and (3) focusing on a specific subject area. Unlike many digital library projects, CORE consists of both a scanned image and a marked-up ASCII version for each page of the publisher’s database. Each page was scanned and segmented, and graphics were separated and linked to figure references in the articles. Lack of standards for the conversion of special characters and equations was the key challenge for building CORE.

Evaluation studies were conducted to assess the CORE project. Five tasks (citation, query, browse, essay, and transform) were performed by 36 chemistry students at Cornell University, with 12 using the paper-based version, 12 using the Pixbook (a full-text search/image display system), and 12 using the Superbook (a full-text search/ASCII display system). On the query search tasks, the digital systems were better than the paper version in both performance and speed. Electronic systems performed better than the paper version on the essay task even though there was no difference in the time the task took. On the browsing task, the performance results were competitive, but the print and ASCII display were faster than the image display. For the citation task, the performance results were again the same, but the ASCII display was slower than the image display and paper version (Lesk, 1991). Based on the data collected from transaction logs, online questionnaires, online comments, interviews, and anecdotes, Entlich et al. (1996) report that the top 35% of users accounted for 80% of the usage. The analysis of users’ searching, viewing, reading, and printing habits reveals that users appreciated the full-text searching capability. Among different types of searches, the author search was the most popular search, representing 32.1% of all searches. Users were still in the process of getting familiar with the digital library, and syntax and format errors accounted for 17.6% of searches. Usage data provide not only information about how users interact with digital libraries but also what affect users’ interaction with digital libraries.

This period saw the first decade of digital library projects for the scientific and cultural heritage community being developed. Exemplary projects of the first decade of digital libraries in the scientific and cultural heritage community are: arXiv (pronounced AR-KIVE), a pioneering repository project; American Memory, a Library of Congress project of digitized cultural heritage collections; and JSTOR, a digital library of primarily academic journals

Launched in 1991, arXiv was created by Paul Ginsparg as an electronic bulletin board for colleagues to exchange unpublished manuscripts in the field of theoretical high-energy physics. The arXiv is also known as the “Los Alamos e-print archive.” Twenty years later, the system contains about 7,000,000 full texts. It receives 75,000 new texts each year and serves close to 1 million full-text downloads to 400,000 unique users every week. ArXiv mainly covers research on physics but has extended to other related fields: mathematics, nonlinear science, computer science, statistics, etc. (Ginsparg, 2011; Luce, 2001). Further research has been conducted to investigate the effect of position in announcements of newly received articles on citation and readership in arXiv. The findings discover multiple effects in play in the digital library, ranging from the “visibility” effect for positions near the beginnings of the announcements, to the “self-promotion effect,” to the “reverse-visibility” effect for positions near the ends of announcements, and a “procrastination” effect associated with submission made at the end of the day (Haque and Ginsparg, 2009,  2010). The main contribution of arXiv is the implementation of the idea of a central repository for researchers to share articles all over the world. In addition, it prompted the creation of PubMed Central by the US National Institutes of Health. Moreover, it blazed a trail for a new direction for scholarly communication. Fig. 1.4 presents the homepage of arXiv.
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American Memory plays a key role in the development of digital libraries as one of the earliest large-scale projects. The Library of Congress started the American Memory as a pilot project in 1989, which became the National Digital Library Program in 1995. The American Memory project focuses on American history and culture. It was funded by congressional appropriations and private sources. The unique strength of American Memory is its digital reproductions of original documents, which include texts, photographs, maps, motion pictures, and sound recordings. The selection criteria for the collections take into account the following: the uniqueness of the collection, usefulness in fulfilling other tasks including preservation, suitability for digitalization technology, and the educational value. Another strength is that it offers a standardized interface for users to navigate multiple collections. In addition to searching and browsing functions, there is an education program “Learning Page” associated with the American Memory collections. This page offers information for both teachers and students to teach and learn about not only American Memory collections but also American history (Fesenko, 2007; Lucas, 2000). Fig. 1.5 presents the homepage of American Memory.
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As one of the early digital library projects, the development of American Memory provides invaluable lessons for the creation of digital libraries. Madden (2007,  2008) summarizes the contributions of the American Memory project:
• Data, in particular usage data, can help the enhancement of the digital library.

• Automation can reduce human error and stimulate standards development.

• Exceptions reduce the sustainability of data and the scalability of production.

• Interoperability is required for collaborative digitization projects.

• Flexible data model is needed to satisfy diverse needs.

• Data can be reused to accommodate lifecycle of different digital productions.

JSTOR is primarily a digital library of academic journals, providing access to back issues of journal publications in social sciences, arts and humanities, and sciences. JSTOR started in 1995 as a digitization project funded by a grant from the Andrew W. Mellon Foundation. The first JSTOR collection, Arts & Sciences, became available in 1997. JSTOR contains complete back files of over 1600 core scholarly journals. Digital versions of print journals were created by scanning each page at a high resolution and searchable text was created by using optical character recognition (OCR) software plus intensive proofreading. More recently, JSTOR began adding books and primary sources. Preservation and access are the two main objectives of the JSTOR project. On the one hand, JSTOR was created to preserve digital scholarly content; on the other hand, it offers more efficient and effective access for scholarly communication. Another goal is to save a substantial amount of investment in physical library space. Fig. 1.6 presents the homepage of JSTOR.
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Spinella (2007,  2008) highlights four aspects of JSTOR’s success.
• First, the number of community participants gradually increased in all categories including libraries, publishers, higher education institutions, linking partners, and other types of collaborating organizations. There were more than 4300 institutions supporting JSTOR in 2007.

• Second, there is a large amount of archived journal publications. In 2007, JSTOR contained 750 journals with 25 million pages dating back to 1665. The collection spans 50 disciplines covering the humanities, social sciences, economics, education, law, and the life sciences. Moreover, JSTOR implemented standards for digitization, indexing, and metadata.

• Third, usage has increased at an average of 50% every year since 2001 and reached 500 million accesses in 2007. Large institutions are the main users of JSTOR. Disciplinary usage is affected by the number of researchers/teachers and students, as well as the number of the titles in the system. Users viewed 2–2.5 pages per article from 1997 to 2007.

• Fourth, the average cost to maintain the content and access per institution may decrease along the way. The costs for larger institutions and medium/small institutions are different. While large institutions experience declining cost per use, medium/small institutions’ costs increase.

JSTOR played a significant role in facilitating the transition from print to electronic publishing in serial publications. However, creating the JSTOR repository was not an easy task. Walker et al. (2010) demonstrate the need for more resources, cohesive leadership, and open communication among all the parties in building a JSTOR repository.

It is worth noting that the development of digital libraries in this period also led to the creation and advancement of digital library architecture. In order to solve the problems of linked heterogeneous digital library services, Kahn and Wilensky (1995) created an important digital library architectural framework that defines the key entities in a digital library. It consists of four components: a digital object, a repository, a repository access protocol, and dissemination. A digital object is an instance of an abstract data type consisting of data and key-metadata in which “a handle,” an identifier unique to the digital object, is a critical part. A repository is a storage system in which digital objects are stored for access and retrieval. The Repository Access Protocol (RAP) allows access to a stored digital object or its metadata by specifying its handle. A dissemination is the result of an access service request. The main contribution of this framework is the naming, identifying, and/or invoking of digital objects. Arms (1995) further enhances the key concepts in digital library architecture and identifies principles to highlight the key issues in the transition from the network services to a digital library:
• The technical framework is part of a larger legal and social context.

• The limitations of terminology hinder the understanding of digital library concepts.

• The structure and content of a digital library should be separate from each other.

• Names and identifiers are critical for a digital library.

• Digital library objects are beyond merely just data.

• Users may use a digital library object differently from the stored object.

• Repositories should be the custodian for the stored object.

• Users need useful intellectual works instead of just digital objects.

Digital library research and projects in their formative years have contributed to the development of digital library architecture, standards, iterative design, and usability studies, as well as best practices for their development. Digital library projects have contributed to the effective retrieval of multimedia objects across multiple repositories on the Internet and semantic interoperability (Schatz and Chen, 1996). After comprehensively reviewing digital library literature in terms of its content, organization, services, access, evaluation, as well as social, economic, and legal issues, Fox and Urs (2002) identify two types of challenges for digital libraries: research and practice. From the research perspective, a theory is needed that specifically accounts for different aspects of research in digital libraries; at the same time, a methodology for the design, development, and enhancement of digital libraries is also required. From the practice perspective, there is a lack of guidelines for the management of digital libraries.

Building the content and opening access: 2000s
In the 2000s, digital library development rose to a new level. “By the end of the 1990s, digital libraries were no longer a novelty” (Arms, 2012, p. 583). Meanwhile, government funding ended. “As of 2005, it seems a virtual certainty that substantial programmatic US government funding of digital libraries research in terms of the construction of prototype systems is at an end” (Lynch, 2005, para. 9). In this period of time, two characteristics exemplify the development of digital libraries: Mass Digitization Projects and Open Access Repositories.

Mass Digitization Projects
Mass digitization refers to converting materials on an industrial scale without curating specific materials for digitization. OCR is used to make the full text of digitized documents searchable (Coyle, 2006). Coyle (2006) recognizes several issues in mass digitization:
• Include selection of items for digitizing, scanning, quality control, the OCR process, the creation of metadata, the creation of technical metadata, and storage

• Create book structure in a digital format

• Develop user interface for the large collection with different formats

• Develop new digitization standards for mass digitization

• Control quality of mass digitization for preservation purpose

• Define the scope of the mass digitization project

The Google Book Project represents a major mass digitization initiative undertaken by a commercial company in cooperation with the cultural heritage sector. Google initiated a massive project in 2004 to digitize millions of books and make their text searchable. The Google project is an expansion of the Early Google Print. At the beginning, five of the world’s largest libraries joined the project: Harvard University, Stanford University, the University of Michigan at Ann Arbor, the University of Oxford, and the New York Public Library. Taking into consideration copyright laws, the project started digitizing works in the public domain first. To deal with copyrighted books, search engines only offer a few lines of text associated with a search term (Carlson and Young, 2005; Hanratty, 2005). The Google Book Project promotes the discussion of multiple issues and concerns. Bearman (2006) cites the five principles enumerated by the national librarians of the La Francophonie Meeting held in 2006: free access to publicly owned resources, nonexclusive agreements with content providers, preservation of standard images for long-term accessibility, protection of the integrity of the original materials, and provision of multilingual and multicultural access. However, the Google Book Project is also criticized for its image and metadata quality (Leetaru, 2008).

The Google Book Project is not the only mass digitization project although the other ones are not comparable in scale. The Internet Archive, a nonprofit group, worked with major libraries in six countries—Canada, China, Egypt, India, The Netherlands, and the United States—to incorporate their digitized books into the group’s collection. They had about 77,000 books online in early 2005. These mass digitization projects are interrelated. For example, Brewster Kahle, the creator of the Open Content Alliance (OCA), is also the driving force behind the Internet Archive. Multilingual digitized text and multimedia documents are the foci of OCA. Over thirty library and cultural organizations shared their digital collections, and the content was available through the OCA web site and Yahoo (Carlson and Young, 2005; St. Clair, 2008).

Funded by the NSF, the Million Book Project is a collaborative project with international partners in China, India, and the Biblioteca Alexandrina. The main objective of the project is to advance research and development in the following areas: machine translation, massive distributed databases, storage formats, the use of digital libraries, distribution and sustainability, security, search engines, image processing, OCR, language processing, and copyright laws (St. Clair, 2008).

These mass digitization projects share similarities and differences. For example, Google Books and the Open Content Alliance represent two different approaches for mass digitized projects: one represents a proprietary model, and the other one represents an open model. After comparing the two projects, Leetaru (2008) concludes that they share many similarities even though they seem different. Google creates more powerful and intuitive interfaces for users to access the digital materials. The OCA effort ensures long-term preservation if the funding source is stable. Crane (2006) highlights the unique dimensions of a mass digitized project:
• Large scale in quantities

• Heterogeneity of content

• Granularity of objects from single catalogue entry to tagged objects

• More noise

• More audience as the result of open access

• Reduction in collections and entry points

These projects contribute to the enhancement of technology as the result of automatic processes, support for machine translation, and the improvement of information extraction. Copyright is the critical barrier for mass digitized projects, although copyright laws intend to protect new innovations. St. Clair (2008) proposes several approaches to overcome the barriers:
• Identify nonrenewed books

• Create a list of US books published between 1923 and 1963

• Obtain permission from publishers

• Digitize government publications

• Create synthetic documents, in particular in science and technology fields

The favorable rulings for HathiTrust and Google Books in Authors Guild, Inc. v. HathiTrust and Authors Guild v. Google Books have significant impact on the growth of digital libraries. Chapter 2 offers detailed discussion of the two cases, in particular how the four factors of fair use were weighted.

Open Access Repositories
An open access repository is defined as a collection of full-text documents available in online databases on the Internet that can be accessed freely and instantly. Institutional repositories are managed by research institutions to house their own authors’ works (Pinfield, 2005). The creation of open access institutional repositories significantly promotes scholarly communication. Open access repositories achieved remarkable successes in this period of time. The origin of the open access repositories is associated with cost of serials. Now, a measure of high quality in repositories is whether it can also help to make research visible (Joint, 2008). Suber (2009) created and updated a timeline of the open access movement, including the development of open access repositories, such as 1991’s arXiv, 1994’s Perseus project, etc. Many open access repositories have been established. The Open Directory of Open Access Repositories offers a quality listing of international open access repositories. According to its About page (OpenDOAR, 2014, para. 7), “OpenDOAR is primarily a service to enhance and support the academic and research activities of the global community. OpenDOAR maintains a comprehensive and authoritative list of institutional and subject-based repositories. It also encompasses archives supported by funding agencies like the National Institutes for Health in the USA or the Wellcome Trust in the UK and Europe.” It had more than 2600 listings in August 2015.

On the one hand, the establishment of institutional repositories and the development of digital libraries play a critical role in the success of open access (Bailey, 2007). On the other hand, open access publishing increases the complexity and diversity of the development of digital libraries. Open access repositories can be classified as subject repository or institutional. Creaser et al. (2010) conducted an international survey and focus groups regarding awareness and attitudes toward open access repositories. The results show that in general authors support open access repositories. However, there are disciplinary differences in their preference on repositories. While authors from physical science and mathematics prefer subject-based repositories, authors from the social sciences and the humanities and arts like institutional repositories. ArXiv is a good example of a subject-based repository.

Tsakonas and Papatheodorou (2007) performed a usefulness and usability study to evaluate an open access digital library, a subject-based repository: e-prints in Library and Information Science. The findings of the study indicate that user satisfaction is influenced by usefulness and usability. Usefulness is measured by how relevant the information is, as well as the breadth of coverage. Ease of use, aesthetics, terminology, and learnability determine whether the digital library is usable. An increase in usability of a digital library is mainly owed to its open access nature and personalized features. Just as Krishnamurthy (2008) points out, the key term for open access, open access repository, and digital libraries is open.

Large-scale digital libraries: 2010–
Connecting discrete, standalone digital libraries has been a major issue since the beginning of their development. “The plurality of digital libraries is an ongoing technical challenge and major source of user frustration” (Bearman, 2007, p. 224). Major efforts have been undertaken to aggregate content from smaller individual digital libraries and to provide portals for global searching and retrieval. The large-scale digital libraries represent the next generation of discovery systems, with centralized access to a wide variety of scientific and cultural heritage materials. Characteristics of large-scale digital libraries can be summarized as follows:
• Large collection size: most of them contain more than one million items.

• Diverse formats: collection items may contain text, images, audio, video, etc.

• General and specific collection development policy: it not only contains general collection scope, quality guidelines, and selection responsibility but also depends on each participating member’s policy for its specific collections.

• Copyright concern: some of them may not have copyright clearance.

• Level of access: single interface for all collection items; depending on copyright, some items have full-text access while others might have access limited to just the citation or abstract.

• Interoperability: metadata mapping is used to ensure the exchange of metadata between collections, or a single metadata schema is applied across all collections.

This section highlights the developments of four large-scale digital libraries, representing the work in building digital libraries with multiple subjects and with different ways of collaboration: the National Science Digital Library (NSDL), HathiTrust, the Digital Public Library of America (DPLA), and Europeana.

The National Science Digital Library
The NSDL is one of the largest digital libraries constructed to advance science and math education in the so-called STEM disciplines (Science, Technology, Engineering, and Mathematics). It was funded by the US NSF initially. Most of the 64 projects focus on the development of collections in a variety of subject areas including STEM. The objective of the NSDL is to provide students and teachers a variety of interactive learning and teaching resources that are comprehensive, high quality, and authoritative. The initial effort focuses on collection building, technical infrastructure, and metadata creation (Lagoze et al., 2002; Lagoze et al., 2006; McCown et al., 2005; Zia et al., 2001). Fig. 1.7 presents the homepage of the NSDL.
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The contribution of the NSDL is not just as a repository for digital collections. Lagoze et al. (2002) illustrate the core components of the NSDL architecture, which is based on previous digital library research:
• Metadata repository contains metadata.

• Search and discovery offer capabilities for users to locate and find resources in the digital library.

• Access management sets the requirements for users of the digital library and providers of intellectual property.

• User interface and portals facilitate interactions among users, collections, and services of the digital library.

The NSDL added new standards on metadata and universal object identifiers that assist users to identify high quality resources. In addition, interoperability and reusability standards enable resources from different disciplines and different times to integrate together (Fortenberry and Powlik, 1999). Arms et al. (2003) discuss the NSDL’s Metadata Repository based on the Open Archives Initiatives Protocol. It selected Dublin Core, qualified Dublin Core, IEEE Learning Technology Standards committee, Advanced Distributed Learning, MARC 21, Content Standards for Digital Geospatial Metadata, Global Information Locator Service, and Encoded Archival Description as metadata schemas. Its metadata was created at the collection level instead of item level. The Open Archives Initiative Protocol for Metadata Harvesting was considered to be used for harvesting. Lagoze et al. (2006) introduce the NSDL Data Repository, which offers a platform for new NSDL applications that promote user participation in the digital library. Its Data Repository consists of four applications: Expert Voices, a collaborative blogging system that supports Q/A discussions, recommendations and annotations, structured metadata, and the creation of relationships among resources in the NSDL; On Ramp, a distributed system that allows multiple users/groups to create, edit, and disseminate information in different formats; Instructional Architect, a system that enables users to discover, select, and design instruction materials; and the Content Alignment Tool, a system that aligns NSDL collections to state and national educational standards.

McCown et al. (2005) performed an experiment using educators to evaluate the relevance of the search results in the NSDL and Google. The results show that Google outperformed in the following areas: (1) useful educational materials, (2) retrieval precision, with Google’s 38.2% compared to NSDL’s 17.1%. At the same time, NSDL was found to contain higher quality resources and unique collections. One in four NSDL resources were not indexed by Google, and little overlap was identified between the two collections. NSDL has become a popular teaching and learning resources (Chen et al., 2015). A large-scale research project has been conducted nationally by a group researchers on instructors’ and students’ use of digital learning materials, in particular NSDL (Morgan et al., 2013;  2014; Wolf et al., 2008). The findings show that 80% of the faculty participants ranked peer review of materials as their first or second priority in relation to important digital library features. In addition, 30% of them indicated sources of pedagogical supplements as first or second priority. Students had diverse learning needs, styles, and different preferences in terms of technology and course mode. The information about students helped enhance the design of NSDL.

HathiTrust
HathiTrust represents a successful example of collaborative work on a large-scale repository/digital library. The Hathi name represents the value of the organization; Hathi in Hindi means elephant, which is well known for its memory, wisdom, and strength (Christenson, 2011). The HathiTrust started in 2006 when the University of Michigan proposed to the libraries associated with the Committee on Institutional Cooperation to build a shared digital repository to store the large files that Google digitized from the Committee on Institutional Cooperation libraries’ book collections. HathiTrust, named in 2008, includes both digitized books and journal articles. This digital library contains materials in both the public domain and copyrighted works. The main issues are quality control, public search interfaces, ingestion of non-Google and nonbook content, access issues for people with disabilities, collection grouping, data mining, and academic research tools. HathiTrust is not dependent on the Google Book Project, and it has more resources from the public domain. The repository enables academic libraries to preserve collections from the last 150 years and may lead to a new direction for the future. Moreover, OCLC (a global library cooperative) records the digital titles in HathiTrust in addition to printed copies in academic libraries (Pritchard, 2012). As of August 2015, the HathiTrust had more than 100 partners, and it is open to institutions all over the world. It contained more than 6 million book titles and 350,000 serial titles (HathiTrust, n.d.). Fig. 1.8 shows the homepage of HathiTrust.
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The main objective of HathiTrust is to create a comprehensive digital collection of library materials owned by the participating research institutions. Simultaneously, it improves broad access to these materials, preserve important research records, coordinate shared collection management strategies to save costs, create and sustain the “public good,” and develop a technical framework that enables members to build and share functionality (HathiTrust, n.d.). It is not only a digital library but also a collaborative group that works on key issues in creating and preserving a large collection of digital volumes. The wide collaboration, aggregated expertise, and integrated digital collections benefit both the participating libraries and users (Christenson, 2011). HathiTrust’s metadata management system “Zephir” is a model of a metadata management system that offers the “best practical solution to organize and automate the multiple processes of metadata conversion, quality control and ingest, including making inventories and error reports” (Mallery, 2015, p. 354). Moreover, a web site was created (https://www.hathitrust.org/zephir) to provide comprehensive documentation to illustrate this multifaceted system.

The main challenge facing HathiTrust is copyright. Researchers can search for copyrighted documents but are unable to access them if their institutions are not members. Although multimedia information is included in the digital library, there is a lack of audio functionality which makes it difficult to become a digital library for special user groups, such as musicians (Downie et al., 2014). While 68% of HathiTrust’s collection items are “in copyright,” the other 32% are in the public domain. The compositions of the 32% in the public domain consist of 21% in public domain worldwide including about 4% US federal government documents and 11% in US public domain (Eichenlaub, 2013).

User feedback is a key for the creation of a successful digital library. Fenlon et al. (2014) investigated user requirements for collection building in the HathiTrust Digital Library. The analysis from focus groups and interviews indicates that scholars consider collection building as a key scholarly activity and highly heterogeneous. They expect better metadata offering rich data about the documents and are willing to participate in the metadata creation and sharing process. After comparing the functionality of Google Books and HathiTrust on federal government publication use, Sare (2012) concludes that Google Books and HathiTrust each has its own strength and limitation. While Google Books has more government documents in general, HathiTrust is best for locating full-text government documents published after 1923. Google Books has an advantage in providing the added functionality of data visualization.

The Digital Public Library of America
The DPLA, a national public digital library, launched in 2013. The DPLA intends to not only serve as a center for the public to access all cultural materials free of charge but also as a platform for libraries and other cultural heritage institutions to thrive in the digital age. Its digital metadata come from large institutions, such as the National Archives and Records Administration and HathiTrust. In addition, regional service hubs contribute to metadata harvested by the DPLA. The DPLA is an aggregator of existing digital materials available in a distributed environment rather than a central repository (Cottrell, 2013; Gregory and Williams, 2014). As of 2015, the DPLA offered more than 10 million items from 1600 institutions to the public (DPLA, 2015). Fig. 1.9 presents the homepage of the DPLA.
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The DPLA consists of three layers: a portal to a public web site with search functions; a platform containing the technical infrastructure, which is built using open source software; and a partnership with libraries, museums, archives, funders, universities, schools, and other institutions to promote broad access to information (Vandegrift, 2013). In addition, it is a repository for metadata. Content remains with the institutions, and only the metadata about the digital objects are harvested. Another benefit of the DPLA is that it provides APIs and open data for software developers, researchers, and others to create different types of tools for discovery, access, and communication (Eichenlaub, 2013; Ma, 2014).

The unique characteristic of the DPLA is acting as service and content hubs. According to Paulmeno (2015), DPLA partnered with different organizations and created 13 services hubs as of April 2015. These hubs collect metadata from different organizations and send them to the DPLA. At the same time, 16 content hubs had been established as of 2015. Content hubs are large institutions such as Harvard University, The New York Public Library, and The Smithsonian. Instead of collecting metadata, they each supply more than 200,000 records with their own metadata. Expanding their service and content hubs is the primary goal of the DPLA. Simultaneously, the goal of promoting DPLA usage is also vital. DPLA sponsors its annual DPLAfest in different parts of the country to encourage the involvement and use of the DPLA. With more funding, the DPLA is in the process of creating more service hubs to eventually connect online collections and serve all 50 states of United States in 2017 (DPLA, 2015). The DPLA infrastructure was also designed to be interoperable with the Europeana, which makes it possible for the creation of a worldwide network (Eichenlaub, 2013).

Just as Vandegrift (2013, p. 3) puts it, “DPLA is not a public library, a content repository, or a threat to traditional library services.” The DPLA becomes the partner of, rather than a replacement for, public and academic libraries. It will greatly enhance their collections and services. The ultimate goal of DPLA is to serve as a center for the general public to explore libraries, archives, and museums’ scattered collections in the United States. The DPLA also explores alternative licensing models with authors and publishers (Palfrey, 2013).

Europeana
Europeana, Europe’s digital library, museum, and archive, is an across-domain and cross-cultural heritage site. Europeana means “thinks European” in Latin, and it is self-explanatory for users to understand the coverage of the digital library. Europeana was launched in 2008 and funded by the European Commission. Europeana covers Europe’s cultural and scientific heritage materials and consists of pictures, files, books, photos, sounds, newspapers, manuscripts, and archival records digitized in museums, libraries, archives, and audio–visual collections (Purday, 2009). In 2014, the digital library contained 10 million digital objects from every member of the European Commission, including approximately 130 institutions (Weiss, 2014). The main objective of Europeana is to develop an open platform so that users and cultural institutions can access and manage a large collection of surrogate objects representing digital objects through an application program interface (API) (Concordia et al., 2010). Fig. 1.10 shows the homepage of Europeana.
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As a large-scale and aggregate digital library, the key issues for building the digital library are split into work packages that focus on human, political, and intercommunity interoperability; interoperability of metadata standards; semantic and multilingual interoperability; technical architecture; and users and usability. The European Semantic Elements (ESE) consists of a subset of the Dublin Core and a set of 12 elements to meet its own needs (Purday, 2009). The Europeana Data Model (EDM) is replacing the European Semantic Elements to better represent millions of objects semantically across different types of Europeana’s cultural heritage communities. The EDM integrates existing standards like RDF(s), Open Archive Object Reuse & Exchange, SKOS, and Dublin Core. It offers the possibility for cultural heritage institutions to move from closed information architectures to open and linked environments (Doerr et al., 2010; Haslhofer and Isaac, 2011). Peroni et al. (2013) identify some issues of EDM and suggest that content providers need to comply with the correct EDM Mapping Guideline and improve different levels of description of the objects.

Users’ opinions have been solicited to enhance the design of Europeana, as has been the case with some previously discussed digital libraries. Dobreva and Chowdhury (2010) conducted a usability study of Europeana. They found that the majority of users rated the following functions highly: navigation, search functions, search results presentation, and ease of access. Users would like to have results ranked better and have higher precision results, to be able to refine their searches, to be able to overcome the language barriers, to have more help functions, to be able to use multiple ways of browsing including visualization tools, to be able to customize the interface, to have more links between items, and to be able to go back to their original searches. Nicholas and Clark (2014) analyzed log data to generate information-seeking behaviors of Europeana users. Log data analysis shows: (1) regarding site loyalty, less loyal users were found in the Europeana site than in other scholarly sites; and cultural institutions and their members were loyal users. (2) Regarding social media referrals, the overall visitors from social media referrals growth was lower (34%) than the overall visitor growth (90%) of Europeana. (3) Virtual exhibitions attracted high levels of engagement. More interestingly, from the beginning, Europeana took into consideration the design of a “lite” interface for mobile users. After analyzing log files of user interactions, in particular mobile interactions with Europeana, Nicholas et al. (2013) stress the following unique findings:
• It is extremely popular for users to use personal devices to interact with Europeana. Use of personal devices is growing four times faster than office devices and will become a critical part of future traffic.

• Unique information-seeking and use behaviors of mobile users focus on consuming content instead of creating content. They are short one-time visitors with less intensive engagement, and more visits occur during evenings and weekends.

These findings of user studies have great implications for the enhancement of Europeana.

The development of large-scale digital libraries is a necessary step in the evolution of digital libraries. On the one hand, it brings many benefits to developers to share architectures, metadata, other technical standards and guidelines, and costs. It also offers the opportunity for users to access widely available resources organized in a unified format and interface. On the other hand, it brings challenges and problems for the development of digital libraries. Copyrights, metadata harvesting, interoperability, digitizing quality, and multilanguage access are several typical challenges that researchers and practitioners have to face in the creation of large-scale digital libraries. Please read Chapter 11 for a detailed discussion of the challenges of digital library development.
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Chapter 2

Digital library collection development
Abstract
This chapter starts with an introduction to the history and definitions of collection development. Next, the chapter examines key elements of digital collection development policy and associated collection selection criteria, and delves into collection development assessment. Most importantly, this chapter discusses legal issues in digital collection development ranging from copyright protection, exemptions for libraries and archives, the Digital Millennium Copyright Act, to fair use and copyright infringement. Moreover, this chapter analyses the trend of collection sharing and large-scale digitization, and associated collection development policies. Finally, the challenges of digital collection development are discussed.
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Collection development introduction
History
In the book Fundamentals of Collection Development and Management, Johnson (2009) provides an overview of collection development history. Collection development started with the emergence of libraries, although there is no recorded information regarding collection development policy in ancient times. During that time, libraries served as storage places rather than information dissemination centers. The goal of the library was to achieve a comprehensive and complete collection. The emergence of theories of selection indicates the birth of collection development. Thaddeus M. Harris drafted the first American guide for selection in 1793. Systematic philosophies of library materials selection were only discussed around the end of the 19th century. The goal was to achieve a balance between comprehensiveness and the most relevant materials for collection development in libraries. Collection development became a specialized area in the 1970s. Starting in the late 1970s, the enormous growth of publications and rising costs challenged library budgets. The explosion of electronic resources and the corresponding legal issues raised even more challenges in the late 1990s. Digitization projects and the preservation of digital information are the main themes for libraries in the 21st century. This new trend also has led to the new collection development policies.

Nisonger (2000) points out that the complexity of collection development is caused by the emergence of new technologies and new formats for information. Corrall (2012) illustrates four phases of collection development informed by digital technology. During late 1960s–70s, automation and computer-based operations affected collection development in relation to an increase in the efficiency of the collection process. During the 1980s and early 1990s, innovation of computer-based services made it possible for users to access local and consortia collections remotely. During late 1980s–90s, digitized collections led to the birth of digital and hybrid libraries. Since the 2000s, collaborative and network-based collections have resulted in the development of digital library management systems, institutional repositories, and data curation.

Beginning in the 2000s, digital collection development has gained a fresh, new momentum. Bullis and Smith (2011) review collection management and development literature from 2004 to 2008, and identify four areas of foci: (1) the changing nature of local collections, (2) redefining collection management responsibilities and practices, (3) cooperation and collaboration, and (4) collection assessment and evaluation. With respect to changing local collections, the main characteristic is the shift from print resources to electronic resources. Open access becomes an important and unsolved issue for collection development. The emergence of a large quantity of electronic resources has required libraries to review their collection development policies and procedures and change their organizations, responsibilities, education and training, by building digital collection and appropriate selection of processes and tools. Different levels of cooperation and collaboration are implemented to deal with challenges. The influx of digital resources calls for the need for new models and tools for collection assessment and evaluation. Due to declining budgets, diverse users and the responsibility of libraries for information access, Wu (2011) also suggests that a collaborative digital collection should be the direction of libraries.

Definitions
In order to understand collection development, we first need to understand what a collection is. Gorman (2000) defines a collection as objects in the collection including tangible objects and local intangible resources owned by the library, as well as tangible objects and remote intangible resources owned by other libraries but accessible by the users of the library. According to Lee (2000,  2005), there is no standard definition of a collection. Different entities have different perspectives on a collection. The key elements of a collection from the user perspective are: a group of information resources, a defined user community, a clear collection development policy, and an integrated retrieval system. Users consider the following parameters to define a collection: instant availability, selectivity, physical collocation, catalog representation, user privilege, material stability and parameters for subcollections (Lee, 2000,  2005). Drawing perspectives from different stakeholders, Corrall and Roberts (2012) develop a collection development hierarchy for use in the digital world. At the management level, a collection is defined as a thing, and examples include prioritizing subject areas and defining the scope of the collections, collaborative collection, and preservation. At the tactics level, a collection is defined as access, and examples consist of links to web-based collections, interoperable systems and integrating libraries into nonlibrary networks. At the operations level, a collection is defined as a process, and examples include user-oriented collections, supporting collections created by communities, and linked data.

Even though there is no standard definition of collection development, the following represents the typical definition:
Collection development is a term representing the process of systematically building library collection to serve the study, teaching, research, recreational, and other needs of library users. The process includes selection and deselection of current retrospective materials, planning of coherent strategies for continuing acquisition, and evaluation of collections to ascertain how well they serve user needs (Gabriel, 1995, p. 3).



Shaw (2012) provides a concise definition of collection development policy: “A collection development policy is a formal policy document or statement which maintains a commitment to systematic collection building and development” (p. 165).

After reviewing the relevant literature on collection development, Corrall (2012) concludes that despite the changes in the format and location of resources, the principles of selecting materials to meet the diverse needs of users are unchanged. Fieldhouse (2012) illustrates a list of collection development activities: selection and acquisition, budget management, electronic resource management, storage and preservation, weeding, collection assessment, and collaborations with different stakeholders of collections. The main characteristics of collection development can be summarized as follows:
• Satisfy user needs

• Systematically select relevant collection items

• Systematically deselect collection items

• Strategies for planning of acquisition

• Assessment of the collection

Digital collection development policy
Collection development policy
Based on the ALA model, Shaw (2012) specifies the main sections of a collection development policy: “introduction, purpose of the collection development policy, mission statement, clientele, content, special collections, collection depth, evaluation, cooperation, intellectual freedom and review” (p. 168). Clarity, consistency, and continuity are the requirements for effective collection development policy.

Digital library collection development policy in general consists of goals/purposes, scope/types of content, priorities, and selection criteria. Parfrey (2013) describes the collection development framework of the California Digital Library: “The California Digital Library (CDL) is a ‘co-library’ of the University of California (UC) whose primary collection responsibility is to develop electronic content and make it available to all faculty members and students. Some of the electronic content will be licensed and acquired from commercial sources, and some will be produced by digitizing university collections. The same three considerations used to develop library collections in the ten UC campus libraries that guide collection development for the CDL are:
• The user base

• The programs that are to be supported

• The resources available to support those users and programs” (para. 1)

In determining collection development, the main focus is on the users, associated programs, and available resources.
• Make sure collection development meets faculty’s and students’ information needs

• Organize digital resources and offer guidance, and include them as part of the library services

• Justify the selection of digital formats in the selection of digital resources

Balance and prioritization are the keys for digital collection development. It is important to balance different disciplines, different formats of digital resources, research and teaching, and different campuses. Priorities are given to the content that users need the most and add significant value over print materials.

Each digital collection development policy has a scope of the types of materials covered. For example, the University of Texas Libraries (2011) has different collection development policies for materials obtained or produced in different ways as follows:
• Purchased or licensed material

• Digitized materials by the University of Texas Libraries or the University

• Links and pointers of substantial scholarly value

Different types of resources have their specific collection development policies. For example, e-books in general have their own unique collection development policy. Moore (2015) offers an outline for e-book collection development policy:
• Coverage of the policy

• Selection personnel

• Collection funding

• Selection criteria

• Duplication checks

• Purchasing model preferences

• Collection access and maintenance

• Download ability

• Reading devices

• Weeding

Simultaneously, different types of digital libraries/repositories have their distinctive collection policies as well. Brown (2012) discusses the uniqueness of collection development in institutional repositories. The main point is that researchers are content suppliers as well as users. That factor changes collection policy from acquiring needed items as previously done, to requesting materials from authors without offering financial compensation (Genoni, 2004). Another uniqueness is that an enormous amount of materials will be submitted if there is an institutional mandatory submission policy, potentially posing difficulties for the institutional repository system. However, if there is no mandatory policy, promoting institutional repositories is a challenge for the collection development. Third, different stakeholders of institutional repositories have different views of institutional repository uses. It is a critical issue in terms of how to develop a coherent and coordinated approach for collection development (Ayris, 2009). Detailed discussion of selection criteria for different types of digital materials and for different types of digital libraries/repositories follows.

Collection development policy is not a one-stop task; instead, it needs to adapt and reflect the changes in the environment. Miller (2000) stresses the need for the collection development policy to evolve as technology changes and user needs change. A review of twenty years of literature indicates that collection policies need to expand to consider the change of technology; hardware and software compatibility; the perpetuity of materials, costs, training, and support; and limited access. Douglas (2011) identifies publishing trends, budgeting, and users’ information needs as important elements that any modification to collection policy needs to take into consideration.

Collection development criteria
Collection development criteria are the central component in collection development policy. Hollman (2000) emphasizes that four basic selection criteria for library materials are still relevant for electronic materials: quality, library relevancy, aesthetic and technical aspects, and cost. Gessesse (2000) highlights three main properties of collection items: relevance, quality, and timeliness of the materials. Metz (2000) points out some new meanings of the traditional standards for electronic resources. For example, currency refers to the updating frequency. The degree to which resources may be shared refers not just to how many people can share the same information, but what also should be kept in mind is the number of the so-called information poor, those lacking technological literacy or having restricted access to digital resources. New important criteria are introduced related to cost, licensing, functionality, and archiving. Cost is difficult to estimate, as there are many contributing factors, such as the allowable number of simultaneous users, defined user communities, joining consortia, etc. Licensing is determined by the extent of resources being acquired or accessed, people who use the resources, their purposes of use and monitoring mechanisms for the licensing terms. Functionality requires the provision of clear documentation for electronic information access, an up-to-date system and network infrastructure, platform-independent information resources, compliance with the Disabilities Act, etc. Archiving is associated with solving the problem of long-term access because of technological changes, licensing resources, and lack of control of resources.

There are different types of electronic resources coming from many different disciplines. Selection criteria may vary from discipline to discipline. Case (2000) identifies four new criteria for the selection of electronic resources based on the relevant literature: price, demand and use, library infrastructure, and product interface. He also discusses the problems of applying these criteria in selecting humanities e-texts. Some of the electronic resources are very expensive; however, price should not be the main concern if users need the resources. Simultaneously, demand and usage data are not the correct indicators for selection decisions in humanities e-texts. The key is how to promote electronic resources to humanities scholars. Many libraries do not have adequate support for electronic resource use, in particular humanities e-texts. Libraries need to engage vendors, librarians, and users to enhance the support. Functionalities and ease of use are suggested by library literature as one of the key criteria for electronic resource interfaces, but user need should still be the main consideration for collection selection. In actuality, both technology and individual user’s needs have to be considered in determining selection criteria. Different electronic resources also require specific selection criteria. Vasileiou et al. (2012) find that the most cited selection criteria for e-books in academic library literature are the cost of e-books and the high usage/demand, followed by licenses, business models, platform interfaces, and subject coverage. Their study is in agreement with the early studies regarding the most cited criteria: business models, licenses, price, platform interfaces, subject coverage, and reading lists. Librarians face the challenges of issues related to business models, licenses, and the pricing of e-books.

Digital collections also have their own unique selection criteria. Gertz (2011) summarizes several of the most cited digital collection selection criteria, including value and demand, copyrights, technical feasibility, infrastructure, added value, and cost:
• Does the item or collection have sufficient value to and demand from a current audience to justify digitization?

• Do we have the legal right to create a digital version?

• Do we have the legal right to disseminate it?

• Can the materials be digitized successfully?

• Do we have the infrastructure to carry out a digital project?

• Does or can digitization add something beyond simply creating a copy?

• Is the cost appropriate? (pp. 98–99)

Collaboration with other institutions became the new emerging selection criterion. Kellerman (2014) considers the following selecting criteria for digital projects: (1) project goals in relation to the institution’s mission, (2) the intended audience in relation to targeted user groups, (3) the final product with valued-added features or options, (4) the requirement of collection preservation, (5) the scope of the collection to be scanned, (6) check any overlap of the digital collection on the Internet, and (7) potential collaboration with partners to share similar resources.

Of course, selection criteria might be more particular for specific types of digital libraries. For example, Kastens et al. (2005, para. 10) present seven selection criteria for an educational digital collection:
• Scientific accuracy

• Pedagogical effectiveness

• Completeness of documentation

• Ease of use for teachers and learners

• Ability to inspire or motivate learners

• Importance or significance of the content

• Robustness as a digital resource

Another example is related to collection development for the International Children’s Digital Library. The primary challenge in the International Children’s Digital Library project arises mainly because national libraries, publishers, and creators have different policies regarding copyrights. The other critical issue is how to deal with unsolicited books. The collection development goal is to obtain award-winning children’s books, but unsolicited books were at times submitted in different languages. Advisory board members and children’s literature organizations are used to determine the relevance and acceptability within a culture (Hutchinson et al., 2013).

Even though large-scale digitization projects’ collection policies are commonly considered quite comprehensive and broad, they still have specific guidelines. For example, the National Science Digital Library’s (NSDL) quality of selection criteria are:
• Relevant to STEM education or research

• Scientifically accurate

• Clear creator and creation information

• Functional and operational materials

• Well-documented educational resource

• Instructionally valuable

• Significant contribution to learning

• Complete documentation

• Easy to use

• Engaging learners

• Free of advertising

• Wide accessibility to users (Miller, 2007)

These selection criteria concentrate on digitizing accurate, relevant, easy-to-use, and inspiring digital items.

It is also worth noting that each institution needs to develop its strategic plan and priorities for digital collection development that correspond to its mission and goals. Different missions and goals lead to different collection development policies. These selection criteria are not just applied in one step. Collection item selection, in general, goes through several phases. Here is a typical example of three phases of collection item selection (Vogt-O’Connor, 2000):
• Identifying materials for inclusion and exclusion

• Assessing materials for digitization using selection criteria

• Prioritizing the selected materials based upon the criteria of value, use, and risk

The overall objective of going through the three phases is to make sure that the most important materials are digitized first. Kellerman (2014) offers more detailed steps for preparing resources for digital projects: (1) select materials, (2) clear rights, (3) locate and retrieve materials, (4) inventory, collate, and stabilize the materials, (5) determine digital content management platform for display and access, (6) determine file naming convention, (7) collect metadata, (8) scan, (9) collect structural metadata, (10) access and treat original materials, (11) return original materials (pp. 356–357). Each institution needs to create its own selection criteria and specific steps for the development of digital collections based on the mission and goal of the institution, the nature of materials, and targeted user needs.

Collection assessment
Collection assessment is part of collection development and is comprised of collection maintenance, assessment, and weeding (Shaw, 2012). It is critical to assess whether a collection satisfies the objectives in the collection development policy. Based on the relevant literature, Schroeder (2012) characterizes criteria to assess patron-driven collection development and acquisition: (1) cost, (2) usage data, (3) appropriateness to the collection, and (4) holdings of peer institutions. Collection data are the key data that are used in decision making and assessment in electronic collection development. Morrisey (2010) suggestes using the Standardized Usage Statistics Harvesting Initiative data and electronic resource management system data. Quantitative data can help identify duplications and titles that are not accessed. In addition to quantitative data, qualitative data are also critical to make the final decision for collection assessment.

The emergence of electronic resources makes the prominence of print collections less important. Jacob et al. (2014) summarize the main reasons to weed in libraries: (1) relevance to institutional needs, (2) offering reliable and accurate information, (3) providing up-to-date information, (4) reflecting collections changes, (5) removing worn materials, (6) increasing circulation rates, (7) accessibility for staff, (8) creating space, (9) informing staff about use of the collection, (10) balancing new and old materials, (11) providing feedback for budget decisions. Tyckoson (2014) identifies the main motivations for weeding: retention policies, space, and obsolescence. The weeding of print resources focuses more on removing materials that have not been used or have been used relatively less, old editions, duplicates, and outdated resources.

Weeding in digital collections has a different meaning. Although shelf space is no longer an issue, weeding to keep currency of the collection is still important, in particular in some disciplines, such as health sciences disciplines, where outdated information is misleading and potentially dangerous (Hightower and Gantt, 2012). Many of the weeding criteria that are applied to print collections, such as currency and the quality of the content, also apply to digital collections. The difference between weeding e-books and printed books is that search results need to be populated with relevant results mainly because users access e-books via search interfaces (Waugh et al., 2015). Space is not a main concern any more; instead, it is vital to provide reliable, accurate, and current information. In addition, it is not the obsolescence of materials, rather the obsolescence of formats becomes the main concern.

Legal issues in collection development
Copyright protection
Copyright is a form of legal protection for the authors of original works in both published and unpublished formats. The Statute of Anne was England’s first copyright law and also influenced the United States’ copyright clause drafted at the Constitutional Convention of 1787. The objective of the United States’ Copyright Clause was to promote the advancement of learning and public knowledge rather than to protect authors (Wu, 2011).

The three most important US copyright laws include the 1976 Copyright Act, the 1998 Copyright Term Extension Act (Sonny Bono Act), and the 1998 Digital Millennium Copyright Act (DMCA). The 1976 Copyright Act provides the basic rules for copyright protection and increases the length of protection from a 56-year maximum to the life of an author plus 50 years. In 1998, the Copyright Term Extension Act extended copyrights for another 20 years, which, in total, made authorship copyright the life of the author plus 70 years. The Copyright Term Extension Act was established to meet some specific distributors’ interests. The DMCA was enacted to enforce criminal sanctions for anyone bypassing some technological protection on digital content, although it also provides some protection for nonprofit organizations.

Hirtle et al. (2009) highlight four underlying principles of copyright law: the copyright/property distinction, the “public domain,” the “idea/expression dichotomy,” and independent creation. Regarding the copyright/property distinction principle, it is important to note that ownership does not equal copyright. The donor, seller, or depositor of digital objects may not have the copyrights of these items. The “public domain” principle means that, when a copyright expires, the work moves to the public domain. With respect to collection development, it means that an item in the public domain can be added to a collection without obtaining permission from anyone. In addition, documents prepared by an officer or employee of the United States Government as part of his/her duties are also in the public domain. For the idea/expression dichotomy, copyright protects the expression of ideas instead of the ideas themselves. The independent creation principle requires a plaintiff to demonstrate that a copyright infringement has arisen from his/her original work. There are also prerequisites for the protected item. The item has to be in a tangible form in original works of authorship, and the authorship or publication has to be associated with the United States.

The main function of US copyright laws is to protect copyrighted works. 17 U.S.C. §106 specifies the exclusive rights in copyrighted works (Copyright Act of 1976, 2006):
• Reproduction of copyrighted works

• Preparation of derivative works, for example, reproduce art works, translations, etc.

• Distribution of copyrighted works publicly

• Performance of literary, musical, dramatic, and choreographic works, pantomimes, and motion pictures and other audiovisual works publicly

• Display of literary, musical, dramatic, and choreographic works, pantomimes, and motion pictures and other audiovisual works publicly

• Performance of sound recordings through digital audio transmission

Based on 17 U.S.C. §106, the following types of works are protected by copyright:
• Literary works

• Musical works

• Dramatic works

• Choreographic works and pantomimes

• Motion pictures and audiovisual works

• Pictorial and graphic works

• Sculptural works

• Sound recordings

Not all works are protected by copyright laws. The following three types of works are not protected by copyright laws:
• Basic facts, names, titles, basic forms, etc.

• Resources published by the US government

• Works in the public domain either because the copyright of the work expires or the copyright owner intentionally or unintentionally lets the copyright lapse

Because of the three copyright acts, it can be quite complicated for the general public to identify the length of copyright protection on a publication published at different times or under diverse conditions, often involving issues of copyright notice or renewing registration. Adapted from Hirtle et al.’s (2009) work, Table 2.1 presents the duration of copyright protection under different publication years and diverse conditions. The general principle is that copyright protects a work for life of the authors plus 70 years.

Table 2.1

Copyright Terms for Published and Unpublished Works in the United States




	Date of Publication
	Conditions
	Copyright Term





	Before 1923
	None
	None: in the public domain due to copyright expiration



	1923 through 1977
	Published without a copyright notice
	None: in the public domain due to failure to comply with required formalities



	1978 to Mar. 1, 1989
	Published without notice, and without subsequent registration
	None: in the public domain due to failure to comply with required formalities



	1978 to Mar. 1, 1989
	Published without notice, but with subsequent registration
	70 years after the death of author or, if work of corporate authorship, 95 years from publication



	1923 through 1963
	Published with notice but copyright was not renewed
	None: in the public domain due to failure to comply with required formalities



	1923 through 1963
	Published with notice and the copyright was renewed
	95 years after publication date



	1964 through 1977
	Published with notice
	95 years after publication date



	1978 to Mar. 1, 1989
	Published with notice
	70 years after death of author or, if work of corporate authorship, 95 years from publication



	After 1977 but before 2003
	Works created before 1978 that were published after 1977 but before 2003
	Life of the author +70 years or 31 Dec. 2047, whichever is greater



	After Dec. 31, 2002
	Works created before 1978 that were published after Dec. 31, 2002
	Life of the author +70 years



	After Mar. 1, 1989
	None
	70 years after death of author or, if work of corporate authorship, 95 years from publication



	Unpublished works with author(s)
	None
	Life of the author +70 years



	Unpublished anonymous and pseudonymous works, and works made for hire (corporate authorship)
	None
	120 years from date of creation



	Unpublished works when the death date of the author is not known
	None
	120 years from date of creation




Adapted from Hirtle et al. (2009), table 3.2.1 and table 3.2.2 (p. 42, p. 45).



Exemptions for libraries and archives
Libraries and archives are offered exemptions on exclusive rights. 17 U.S.C. §108 illustrates the limitations on exclusive right by libraries and archives (Copyright Act of 1976, 2006). In order to be eligible for the exemption, the library or archive needs to be open to the public, and the reproduction should have no direct or indirect commercial advantage. In addition, the institution desiring the exemption must place a copyright notice on the reproduced copy or incorporate a legend stating that the work may be protected by copyright [17 U.S.C. §108(a)]. For unpublished works, up to three copies can be made for preservation and security purposes or for research use in another library or archive [17 U.S.C. §108 (b)]. For published books, up to three copies can be made for damaged, deteriorating, lost, stolen or obsolete formats if no unused replacement is available at a fair price [17 U.S.C. §108(c)]. Digital copies can be made for the preservation of unpublished works and the replacement of published works. However, the digital copy cannot be further distributed in the digital format. Most importantly, the digital copy cannot be used outside of the library or archive premises [17 U.S.C. §108 (b) (c)].

Patrons of a library or archive can also request the reproduction of either part or all of copyrighted works. The requested work should be in the collections of the library or archive. A notice needs to be provided that the copy can only be used for private study, scholarship, or research. There is also a limit of one article from within a given periodical issue [17 U.S.C. §108(d)]. If a complete work or substantial amount is requested, the same notice needs to be provided to the requester. Moreover, the library or archive needs to demonstrate that the copyrighted work cannot be obtained at a fair price [17 U.S.C. §108(e)].

One provision in 17 U.S.C. §108 (h) is closely related to digital library development. Libraries or archives, as well as nonprofit educational institutions, can reproduce, distribute, display, or perform copyrighted works including digitizing these works. The only restriction is that the published works should be within the final 20 years of the copyright term. In addition, the following conditions need to be satisfied:
• The work is subject to normal commercial exploitation.

• A copy cannot be obtained at a reasonable price.

• The copyright owner or agent has provided notice that both of the above conditions apply.

The Digital Millennium Copyright Act (DMCA)
In 1998, under pressure from copyright owners, Congress passed the DMCA. On the one hand, criminal sanctions are added for anyone bypassing some technological protections on digital content; on the other hand, it offers some protection for nonprofit organizations. The DMCA prohibits circumventing a technological measure that effectively controls access to a protected copyright work [17 U.S.C. §1201 (a) (1)]. Moreover, it also forbids the manufacture of hardware and software for the purpose of circumventing a technological measure that effectively controls access to a protected copyright work [17 U.S.C. §1201 (a) (2)]. At the same time, the DMCA offers the opportunity for nonprofit libraries, archives, or educational institutions to circumvent copyright to access to copyrighted works for the purposes of making decisions about whether they would like to acquire a copy of the work. However, the exemption is offered on the following conditions: (1) the work may not be retained longer than necessary to make such good faith determination; and (2) the work may not be used for any other purpose [17 U.S.C. §1201 (d) (1)]. In addition, the exemption only applies to a work when an identical copy of that work is not reasonably available in another form [17 U.S.C. §1201 (d) (2)].

Multiple challenges to the DMCA have been raised, but most of the court challenges were not successful. Gathegi (2012) summarizes three challenges:
• The DMCA is not consistent with the Constitution’s intellectual property clause.

• The DMCA challenges the First Amendment.

• The DMCA prohibits access to unprotected materials.

In the DMCA provision for libraries, libraries are allowed to make digital copies of deteriorating works for preservation purposes. However, the question is whether the digital copy can only be used in the physical library or also in the digital library (Ferullo, 2004).

Fair use
Copyright and fair use are two sides of a coin. While authors and publishers, in general, downplay fair use, it is a powerful tool for using these works without obtaining permission. Fair use balances the requests of public access to information and the need to provide incentives for the creation and advancement of knowledge (Gathegi, 2012). The exceptions for the exclusive rights of the copyright owners is also the vital part of the copyright system. Fair use fulfills the purpose of copyright to advance science and public knowledge. Moreover, it protects free speech from otherwise being restricted by the copyright offered to the copyright owner. Although it may be complex to determine, use of a copyrighted work may be considered fair use if the use is deemed to satisfy one of these aforementioned purposes.

In the creation and development of digital libraries, the greatest challenge is to determine whether an item can be selected to be included in a digital collection for public access. Weiss (2014) puts it well: “Fair use is probably the strongest of all the exemptions to copyright, and it is the most flexible, blurred, and ultimately misunderstood of the exemptions” (p. 75). Even though 17 U.S.C. §107 defines four factors as the keys for the determination of fair use, it is still difficult for creators of digital libraries to make these judgments because interpretation of the four factors can be quite different. As Hirtle et al. (2009) point out, “Although it is possible to analyze existing case law, each fair-use case is judged on a case-by-case basis” (p. 89). Each case is determined by a judge based on his/her reasoning, as well as by legal precedents. As such, uncertainty and misunderstanding are still the main problems of applying fair use in digital library creation.

17 U.S.C. §107 defines four factors that determine fair use (Copyright Act of 1976, 2006):
• The purpose and character of the use, including whether such use is of a commercial nature or is for nonprofit educational purposes.

• The nature of the copyrighted work.

• The amount and substantiality of the portion used in relation to the copyrighted work as a whole.

• The effect of the use upon the potential market.

These factors have to be considered as a whole in determining copyright infringement or fair use.

Diaz (2013) further illustrates the four factors. In dealing with Factor 1, the more transformative a work, or the more likely the purpose of the use is different from the purpose of the original copyrighted work, the more it moves toward fair use. Regarding Factor 2, the nature of the copyrighted work is determined by how creative the works are. The use of factual works is more likely to be considered as fair use. In addition, works unavailable for purchase, such as “out of print” works, are more likely to be considered as fair use. With respect to Factor 3, the amount and substantiality are determined more on the purpose and market substitution, while also considering the quantity and quality of the use of the original copyrighted work. Factor 4 is the most important factor of fair use, although it does not automatically protect copyright owners. Courts consider reasonable markets including both traditional and potentially developed.

Lipinski (2011) points out that the first and third factors are under the control of the user while the second and fourth factors are external and cannot be changed. Even though the user cannot change the second and fourth factors, the user can control his or her use to limit the negative impact on that market or potential market or value of the work. Good purpose influences the remaining factors, often resulting in a conclusion by the court that the use is a fair use. Fair use activities include scholarship, education, use of existing works to offer illustration, example, or documentation, archiving and preservation, and social comment or critiques in art and literature, etc. Hirtle et al. (2009) highlight three characteristics of fair use:
• Fair use can be applied to all the exclusive copyrights, and it is not limited to reproductions.

• Fair use is neither an infringement of copyright nor an excuse for infringement.

• Certain uses, such as criticism, news reporting, or scholarship can be often be considered as fair use even though other uses can be found as fair use.

Copyright infringement and fair use cases
Copying copyright-protected work is infringement. Infringement of copyright can be considered as direct infringement or indirect infringement. Copyright is considered directly infringed when all of the following have occurred: (1) a person is not the owner of copyright, (2) a person accesses a copyrighted work, (3) a person violates the exclusive rights in a substantial way, (4) the access is beyond the permission of the statutory exemptions, and (5) the access is without the permission of the copyright owner (Hirtle et al., 2009). Moreover, knowledge of the infringing activity is not required to assert copyright infringement. A direct infringement claim needs to be established before an institution can be charged for indirect infringement (Lipinski, 2006).

Two types of indirect infringements are identified: contributory infringement and vicarious infringement. Contributory infringement refers to inducing, causing, or contributing to the infringing act by third parties. Offering the instruments for infringing acts may lead to contributory infringement. The key concept of contributory infringement is that no intent is required. Vicarious infringement occurs when one benefits from the direct infringement without taking any precautions to stop or limit the infringement. Libraries are not liable for vicarious infringement liabilities if unsupervised reproduction equipment is used by a third party as long as copyright notice is displayed there (Gathegi, 2012).

One typical example of copyright infringement versus fair use can be found in Authors Guild v. HathiTrust. Members of HathiTrust allowed Google to digitize their collection items in exchange for the use of digital copies. The Authors Guild sued HathiTrust for copyright infringement for the following:
1) the mass digitization violated §108 and §106 of the Copyright Act; 2) the fair use defense was not available to libraries also invoking §108; 3) injunctive relief was necessary prevent HathiTrust libraries from making their works available to the Google Books project; 4) the planned orphan works project would lead to mass infringement and should therefore be prohibited from continuing, and 5) HathiTrust should be ordered to return all of the unauthorized digital copies within its possession (Diaz, 2013, pp. 699–700).



The district court ruled that libraries seeking §108 protection can also use the fair use defense. The court applied §107 and concluded that fair use protects the search indexing and the providing of access to print-disabled items. A district court ruled that copyright had been infringed upon in this case. Believing that they were acting according to fair use principles, HathiTrust in June 2014 appealed the decision to the Second Circuit Court of Appeals. The Appeals Court decided that providing access along with a full-text searchable database, in fact, was an instance of fair use and ordered the original district court to reevaluate whether or not the preservation of the resources is a fair use. The two parties reached an agreement regarding the lingering issue of preservation in January 2015 in which the libraries stated that they only duplicated materials that were unusable due to either a poor physical condition or the material had gone missing. Furthermore, for a period of 5 years, the libraries agreed to inform the Authors Guild in the event they did not live up to this agreement. According to Cox (2015), the implications of the victory are significant. The decision offers a compelling confirmation that mass digitization does not negate fair use. The concept of functional transformation is introduced in this case wherein a use can be judged as transformative if the purpose of the use is substantially different from its original market purpose. In addition, the court rejected the claim from the Authors Guild that §108 of the Copyright Act limits fair use (Cox, 2015). This case illustrates well how difficult determining issues of fair use can be; even judges sometimes do not agree.

Another well-known case is Authors Guild v. Google Books. Even though Google Books is not a digital library, the case has a huge impact on digital libraries. The key issue is whether fair use can be applied to Google’s digitization of millions of books. Google started digitizing books in the early 2000s, and Google Books became searchable in 2004. The Authors Guild charged Google with copyright infringement in 2005. A settlement agreement was proposed and amended, but was rejected by courts on several grounds (Weiss, 2014). Judge Denny Chin ruled that the fair use employed by Google Books provides a significant public benefit (Chin, 2013). He discussed the case from the perspective of the four factors of fair use. As to the purpose of the use, it strongly leans toward fair use because it transforms text into a word index, like snippets, and it displays only snippets for search. Moreover, it does not supersede or supplant books. As to the nature of the copyrighted works, Google Books covers all types of books, but mainly nonfiction books, and all are published books available to the public. This also favors the finding of fair use. As to the amount of use, Google scans the full text of books, but it limits the amount of text displayed in the search result. This factor weighs slightly against fair use. As to the effects of use, Google Books promotes the use of the books, which ultimately benefits the copyright holders of these books. This factor strongly favors fair use. Overall, Judge Chin (2013) ruled that the Google Book project “advances the progress of the arts and sciences, while maintaining respectful consideration for the rights of authors and other creative individuals, and without adversely impacting the rights of copyright holders” (p. 26). These two cases greatly encourage the development of large-scale of digital libraries and serve as perfect examples for the argument of fair use.

Collection sharing and large-scale digital libraries
Collection development in consortia and large-scale digital libraries
Burgett et al. (2004) describe the history of cooperative collection development: “Discussion of local lending arrangements has been documented as early as 1851, and formal cooperative cataloging ventures date at least to 1876” (p. 8). Electronic resources are a driving force for cooperative collection development not only for reducing cost but also for effective document access and delivery (Haar, 2003). In 2007, the American Library Association created a Cooperative Collection Development Committee to study, promote, and support cooperative collection development. Many consortia established their own collection development committees to deal with the issues of collection development. For example, in 2005, the VALE New Jersey Academic Library Consortium founded the Cooperative Collection Management Committees to address the challenge of the increase of electronic resources (Mallery and Theus, 2012).

Collaboration between libraries in building comprehensive print collections has been well established. Recently, it has evolved into collective collection development for electronic resources. Turner (2014) discusses the advantages of consortia e-resources:
• Offer wide access to content that each individual library cannot afford

• Provide more choices for full texts of journals or e-books

• Cost sharing and containment

• Value the opportunity for the consortia to negotiate with content vendors

• Promote e-resource collections

At the same time, she also specifies several challenges of consortia e-resource collection development:

• Reduce local autonomy and flexibility in collection development

• Increase workload for consortia staff and library staff

• Increase the conflict between revenue-driven publishers and the budget-limited academic institutions. One possible solution is to promote open access and scholarly communication.

Kinner and Crosetto (2009) highlight similar challenges for academic library engagement at the consortia levels. They emphasize that it is vital to maintain individual members’ identity and balance individual members’ and the consortium’s needs in collection development. Sayed and Burnett (2014) discuss both the benefits and challenges in sharing electronic resources among three institutions. On the one hand, they can provide more coverage to users at lower cost; on the other hand, usage data for electronic resources need to be identified for different institutions. There is also a critical issue in terms of how to build collections to satisfy the unique needs of each institution.

Because of the budget demand and technology development, it is a trend for organizations to build collaborative digital projects. Eight educational institutions in Minnesota used the existing consortia to build a shared digital collection (Wagner and Gerber, 2011). The following Dickeson’s (2010) criteria have been applied to assess the program:
• History, development, and expectations of the program

• External demand for the program

• Internal demand for the program

• Costs and other expenses associated with the program

• Impact, justification and overall essentiality of the program (p. 66)

While the collaboration helps relieve the cost burden, it also requires strong communication, trust, and iterative assessment of costs and user and institutional needs (Wagner and Gerber, 2011).

New technologies make it possible to digitize collections at a large scale. Beaman and Cellinese (2012) underline the key elements of infrastructure for large-scale digitization of scientific collections:
• Set priorities and identify user need

• Identify stakeholders, collaborators, and communities

• Select computational infrastructure and associated technical requirements

• Determine standards for interoperability

• Consider management, organizational structure, and sustainability issues

• Assess risks

Balke et al. (2013) propose the creation of a global natural history “meta collection” to enable access to the morphology of tens of millions of specimens now in museums worldwide.

Large-scale digitization projects are the products of collection sharing. One of the key objectives of the Digital Public Library of America is to share public resources. Moreover, several of the large-scale digitization projects also consider collaboration. For example, the Digital Public Library of America has collaborated with Europeana, the pan-Europe digital library, to create the exhibition “Leaving Europe: A New Life in America,” which presents the journey of European immigrants to the United States in the 19th and early 20th centuries. It also shows related collections in the National Archives and Records Administration, Harvard University, New York Public Library, and University of Minnesota Immigration History Research Center (Palfrey, 2013). Taylor et al. (2013) examine the benefits of the creation of the Digital Library of the Caribbean (dLOC). Many of the dLOC materials are unique and have significant importance for specific research areas, but they are in remote collections/archives and with additional access restrictions. The development of dLOC removes the main barrier to access. One important step for collection development is the need for full attribution for the content creators and the partners that provide access to the content. Collection items come from partners as well as scholars. Most importantly, scholars work on academic research using dLOC materials to expand scholarship.

Although large-scale digitization projects increase the availability of cultural information and promote scholarly activities (Crane, 2006; Hawkins and Gildart, 2010), Gooding et al. (2013) outline several criticisms of mass digitization: (1) inadequate technology and implementation, such as low accuracy rates of the OCR software, (2) inaccurate metadata, such as inaccurate automatically generated metadata, and (3) cultural dominance of Anglo-American material.

Large-scale digitization projects and collection development policy
In large-scale digitization projects, multiple institutions collaborate together. Their collection development policies have not only characteristics of digital library collection policies of participating institutions but also unique characteristics of large-scale digitization projects. Here is the list of main components of the NSDL collection development policy (Miller, 2007, para.1):
• Mission of the library

• Communities served

• Resource ownership, management, and description

• Collection scope

• Quality guidelines

• Selection responsibility

• Accessioning

• Deaccessioning

• Terms of participation

This includes broad subject areas, materials from the United States and other countries, and diverse types of materials ranging from teaching and research materials to datasets and events materials. Its sources of content are also quite diverse from research and teaching institutions, to STEM publishers, STEM companies, NSDL’s own productions, as well as user-suggested resources.

In large-scale digitization projects, in particular in the archival area, there is a trend to include all items without collection selection. The purpose of Greene and Meissner’s (2005) proposed “More Product, Less Process” (MPLP) approach is to save costs, and it has received both praise and criticism in the field. The advantages and general principles of adopting the MPLP approach can be summarized as follows:
• Make user access paramount: get the most material available in a usable form in the briefest time possible

• Expend the greatest effort on the most deserving or needful materials

• Establish an acceptable minimum level of work, and make it the processing benchmark

• Embrace flexibility: do not assume all collections, or all collection components, will be processed to the same level

• Do not allow preservation anxieties to trump user access and higher managerial values (Greene and Meissner, 2005, pp. 175–176)

Different techniques are used to make the MPLP process efficient. Miller (2013) explores the idea of mass digitizing entire archival collections using optical character recognition software for full text searching. In that way, the archival processing would be skipped. This approach speeds up the digitization process and can provide information to users more effectively.

In developing large-scale digital libraries, sometimes referred to as large-scale digital initiatives (LSDIs), the focus is on categories instead of individual items. According to Rieger (2010), “selection decisions for LSDIs are usually made based on broad categories rather than individual assessment of titles” (p. 15). The author provides examples of the Southern Historical Collection at the University of North Carolina at Chapel Hill and the Archives of American Art, a unit of the Smithsonian Institute, in which digital collections contain every item of the collections. There is no selection of items for these projects because the selection process is completed when the special collections were created. Recently, museums also adopted the rapid capture approach. The Free and Sackler Galleries became the first Smithsonian museum to make their entire collection of 40,000 works available in digital formats. The National Museum of Natural History also digitized its Bumbles Collection (Kutner, 2015).

The ultimate goal of developing large-scale digital libraries is to satisfy user needs. In addition to including all items in a collection, Schaffner et al. (2011) propose a user-initiated digitization approach. They stress that user need is the driving force for collection building, and scanning and delivering can efficiently distribute the requested information to users. It is an effective approach to consider user requests in selecting collections and collection items to digitize (Poole, 2007). “Mass representation” is used by Custer (2009) to characterize the relationship between selection and user-initiated digitization of special collections. His own research shows that the top 10% of requested images online attract over 50% of the users. However, different institutions, different policies, and different resources need to be analyzed for user-initiated collection item selection decisions. Mills (2015) investigates user impact on digital collection selection and development, in particular how to balance user needs and institutional interests in the digital collection development process. Chapter 3 further discusses the rapid capture approach and its potential impact on collection development.

Challenges of collection development
Legal challenges
The practice in digital library development has been cautious relative to copyright. Koulouris and Kapidakis (2005) analyze the access and reproduction policies of digital collections in 10 worldwide leading universities’ digital libraries. They find that libraries prefer to digitize items for which they own the copyright or are in the public domain. Most of the born digital materials are obtained through licenses or are purchased from copyright owners. Libraries offer different types of access depending on the copyright of the items. If a library owns the copyright, reproduction for private use is free or with a credit to the source, but commercial use is charged a fee and written permission is required. However, librarians have not been very good at presenting copyright information in their digital collections. Schlosser (2009) surveys copyright statements in 786 digital library collections in 29 institutions. The results show that about 50% of them present copyright statements. However, these statements are vague and sometimes misleading. Moreover, there is a fuzzy line between copyright and a use statement. It is difficult to differentiate copyright statements from terms of use. The common elements for these statements are a specific ownership statement, a vague ownership statement, what users can or cannot do, and protecting the users and institutions. It is not an easy job for users to understand copyright and fair use. Many libraries hesitate to offer detailed and specific copyright statements because they do not have the information. There are still myths revolving around copyright laws.

Wu et al. (2010) report four areas of misunderstanding of copyright laws: (1) digital resources should be shared; (2) it is legitimate to download all digital resources; (3) education use equals fair use; and (4) current students are entitled to download all digital resources. It is evident that knowledge of copyright is essential for librarians. Based on the job advertisements, Kawooya et al. (2015) conclude that having a copyright librarian or someone with competence in copyright is one of the key requirements for the current and future needs of academic libraries.

It is a challenge to use copyrighted works in digitization projects, in particular to obtain permission to use a copyrighted work. George (2005) conducted a study to find the barriers to seeking copyright permission for digitizing published works. The results are quite surprising. The response rates from copyright holders to permission requests are low. Only about one-fourth of the total requests received permission to digitize. The response rate varied among different copyright holders. Associations have the best rate, followed by university presses, museums, and galleries. The commercial publishers representing the greatest copyright holders were the most reluctant to grant the permission, fearing loss of their profits. The average response time is about 3 months after sending the initial request before receiving a yes or no answer. In addition, it is quite a complicated task to prepare the request, such as searching for copyright holder contact information, creating a database, sending the requests, etc. One solution is to negotiate contracts with different vendors through an organization. For example, in order to digitize copyrighted books, the National Library of Norway negotiated a contract with an organization that represents 30 different organizations for copyrights (Vigdis, 2010).

The current legal system does not keep pace with the changes of technology nor does it define the concept of libraries (Anderson, 2001). Nolan (2011) argues that “the language of Section 108 is insufficient because it does not adequately reflect the current digital landscape” (p. 481). It is vital to consider both technology and the socio-economical cost of access to materials, specifically the digitization processes addressed by the current language of §108. In order for libraries to keep their privileges under §108, she proposed using the term “file” to replace “copy” to refer to a digital copy. Moreover, it is critical to define what does “in the library” mean precisely for libraries’ digitization projects. Most importantly, fair use is still a very vague concept. It is a challenge to reach an agreement on what constitutes fair use and to come up with some solutions to demystify fair use.

The current situation of copyright laws and their application to digital library development is not satisfying. Wu (2011) well defines the problems of copyright regarding digital collection development: “In recent years, the balance of copyright appears to have tipped more toward the rights of copyright owners over the benefits to society, with legislators unable or unwilling to change that balance through new legislation. Because existing statutory language is ill-equipped to handle new technologies, wealthy and powerful copyright holders have been quick to use technology to expand protection of their works or to intimidate users” (pp. 537–538).

Other important challenges
The challenges of collection development further call for expanding collaborative digital projects. Wu (2011) identifies several challenges, including (1) the rising cost of materials, (2) the overwhelming quantity of information, (3) the interdisciplinary and international nature of scholarship, (4) insufficient library collection budgets, and (5) the need for broad and reliable access. Building a collaborative collection is an efficient approach for document delivery. Wu (2011) also introduces the proposed Taking Academic Law Libraries Online consortium. The suggested collection development policy focuses on scholarly materials not in high demand but useful for research and excludes popular items, such as textbooks. Acquired materials will be digitized, and the priority of digitization will be determined by user need.

Large-scale digitization and digital libraries challenge current practices of collection development, digitization processes, and metadata creation. Miller (2013) discusses the approach of using optical character recognition (OCR) software to mass digitize materials to avoid archival processing and creating finding aids. Sutton (2012) suggests that user-generated metadata can help minimize the metadata process and indicates that accuracy and authority issues need to be considered in the adoption of mass digitizing projects. The rapid capture approach challenges the traditional practice of collection development. It is critical to review and assess the current practice of collection development in large-scale digital libraries.

Ball (2012) summarizes the challenges and problems in relation to collection development: (1) the supply of electronic resources in terms of the package and prices is in the publishers’ favor; (2) mass digitization and large-scale digitization projects will decrease the importance of traditional collection development; and (3) the open access movement exemplifies a trend to access to information not controlled by librarians and libraries. The open access movement is another trend that decreases the role of collection development. One typical product of the open access movement is institutional repositories, which consist of national, institutional, departmental, subject, and type-based institutional repositories (Brown, 2010). Nevertheless, Brown (2012) argues that collection development remains the essential component of an institutional repository.
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Chapter 3

Digitization of text and still images
Abstract
Chapter 3 focuses on the analog-to-digital conversion of unique cultural heritage materials. It examines the reasons and strategies for undertaking digitization initiatives by libraries, archives, and museums and provides an overview of the process of converting analog information resources into the digital format. Furthermore, it makes a distinction between static and time-based media and discusses the general guidelines for their conversion and the steps in the digitization cycle. This chapter is focused on the digitization of static media and includes a review of technical factors, imaging equipment, and minimum recommendations for preservation–quality conversion of textual resources and still images. The last section of this chapter is devoted to rapid digitization.
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Introduction to digitization
Digitization has contributed to building a critical mass of scholarly and cultural heritage resources in digital libraries. Nowadays, nearly all new information is created in digital format, and although the number of “born digital” library resources has been rapidly increasing, it still represents a small fraction of recorded knowledge. Historically, scholarly and cultural heritage resources have been recorded on a variety of analog formats, with paper being the dominant material for several centuries. Institutions within the cultural heritage community—libraries, archives, and museums—have also collected information resources recorded on other analog carriers including film and glass negatives, slides, and audio and videotapes. The inclusion of analog materials in digital libraries has required extensive conversion efforts. Since the early 1990s, digitization has been undertaken both by individual cultural heritage institutions and through collaborative initiatives. Mass digitization projects including JSTOR, the Google Book Project, and the Open Content Alliance initiative have contributed a significant body of digitized content. The process of conversion is far from complete, but digital libraries such as Europeana, the Digital Public Library of America, the Internet Archive, and HathiTrust already provide access to millions of digitized scholarly and cultural heritage objects. These large-scale digital libraries represent two decades of intensive digitization efforts undertaken by both smaller institutions and large initiatives like the Google Book Project.

Digitization is the process of creating digital representations of information resources recorded on analog carriers. In essence, digitization is “the conversion process of an analog signal or code into a digital signal or code” (Lee, 2001, p. 3). It involves sampling continuous patterns of physical media and converting them into binary streams of ones and zeros that can be processed and represented by digital devices. The term “digitization” is often used interchangeably with “scanning”, but as Lee (2001) points out, there are distinct differences between the two. Scanning refers to the conversion of static textual and visual materials, and motion picture films. Digitization, on the other hand, is a broader concept that encompasses the conversion of all analog media, including sound, video, and 3D objects. Digitization, especially if undertaken for preservation purposes, aims at converting not only the informational content but also capturing unique characteristics of analog materials as much as possible. It is worth noting that digitization involves not only copying, but also transformation of the nature and functionality of information resources. While it might not always be possible to replicate all the attributes of physical objects, digitized versions facilitate new means of access and enable the use of materials that are not possible with the analog form.

Creating digital counterparts of analog scholarly and cultural heritage resources is a complex and challenging undertaking because of the variety of predigital formats and the evolving technological standards and best practices. For the purpose of digitization, analog resources are divided into static and time-based media (ALCTS, 2013; Puglia, 2011). Static media encompass textual resources such as manuscripts, printed books, newspapers, and journals as well as still images, including photographs, maps, and two-dimensional art works. Time-based or dynamic media include audio, video, and moving images. Puglia (2011) emphasizes that the complexity of the conversion process increases when we move from static to dynamic media. Static resources can be converted to digital format through an imaging process, while time-based media require playback devices in addition to conversion hardware and software. Digitization of 3D objects poses a different set of challenges. Constructing a digital representation of a three-dimensional artifact involves taking multiple still images with a digital camera from several viewpoints and stitching them together or the use of laser scanning technology that captures millions of points of measurement to represent the shape of 3D objects (Collmann, 2011; Surendran et al., 2009; Valentino and Shults, 2012).

The technological advancements of the 1990s set the stage for the digital conversion of printed materials and unique cultural heritage collections. Improvements in scanning technology, faster computer processing, and the lower cost of digital storage have enabled libraries and other cultural heritage institutions to move forward with the digitization of their analog collections. The growth of high-speed networks, especially of the World Wide Web, has allowed for the sharing of digitized collections with wider audiences. Cultural heritage institutions have primarily focused on the conversion of unique materials from their archival and special collections. The digitization of general collections of printed books and journals has required larger scale efforts and the cooperation of multiple institutions. JSTOR, a project initiated by the Andrew W. Mellon Foundation in 1995, undertook the conversion of back issues of scholarly journals. Mass digitization of books began in the mid-2000s with the Google Book Project and the Open Content Alliance taking the lead (Coyle, 2006; Leetaru, 2008).

Large-scale digitization of archives and special collections is challenging because of the unique and heterogeneous nature of the materials and the complexity of analog formats. Digitization of cultural heritage collections frequently requires attention to preservation issues and careful handling of fragile or rare items. The mass digitization of books undertaken in collaboration with commercial and nonprofit partners, however, has changed the digitization landscape and raised expectations for the digital conversion of unique cultural heritage materials (Erway, 2011; Erway and Schaffner, 2007). In recent years, there has been a growing interest in adopting rapid digitization approaches in order to increase the volume of digitized materials from unique collections in libraries, archives, and museums (Erway, 2011; Miller, 2013; Rinaldo et al., 2011; Sutton, 2012).

This chapter provides an overview of the underlying principles and technologies involved in the conversion of analog materials into digital form. The primary focus is on the digitization of cultural heritage resources. This chapter discusses the main reasons why libraries and archives engage in digital conversion and looks at strategies for undertaking digitization projects. Furthermore, it examines the steps, guidelines, technical specifications, and imaging equipment used in converting textual and photographic materials. The conversion of audio and video is discussed in Chapter 4.

Rationale and strategies for undertaking digitization
Libraries, archives, and museums embraced digitization relatively quickly since imaging technology became widely available in the mid-1990s. Major research and academic libraries as well as national libraries and archives led the first digitization initiatives. The 1998 survey of special collections affiliated with the Association of Research Libraries indicated that 89% of the major research libraries in the United States were involved in digitization in 1998 (Panitch, 2001). An IFLA/UNESCO study demonstrated that as of 1999, 48% of surveyed national libraries worldwide had digitization programs (Gould and Ebdon, 1999). Two studies conducted by the Institute of Museum and Library Services (IMLS) indicated that smaller libraries, archives, and museums were initially lagging behind, but digitization activities increased in all types of cultural heritage institutions between 2001 and 2004 (IMLS, 2006). Conway (2008) notes that digitization of cultural heritage materials, especially historical photographs, has transitioned from “rarified experiments to nearly ubiquitous activity” (p. 94). Finally, a more recent OCLC survey of special collections in the United States and Canada reported that nearly all participating libraries have completed at least one digitization project and/or have an active digitization program for special collections (Dooley and Luce, 2010).

The IMLS and OCLC studies indicate a widespread adoption of digitization by cultural heritage institutions, although funding, staffing, and expertise are constant challenges. Why have libraries, archives, and museums embarked on digitization projects despite significant costs and the complexity of the conversion process? Kenney and Rieger (2000) provide an overall rationale and list two primary reasons for investing in digitization: (1) to accommodate the changing behavior of users in the digital environment and (2) to maintain the relevance of analog resources for teaching, research, and scholarship. The authors comment that “changing user behavior may jeopardize these resources and their stewardship” (Kenney and Rieger, 2000, p. 1). In examining the role of digitization and preservation a decade later, Conway (2010) observes that “in the age of Google, nondigital content does not exist, and digital content with no impact is unlikely to survive” (p. 64).

Why digitize: access and preservation
The question “why digitize?” has been posed since the early days of digitization projects (Smith, 1999). Cultural heritage institutions focus on special and archival collections and specific goals related to curating, access, and the new functionality of digitized materials (Besser, 2003; Conway, 2000; IMLS, 2006; Lee, 2001; Lopatin, 2006; Smith, 2001). The discussion on motivation and rationale has centered on two goals:
• Increasing access to library, archival, and museum collections

• Preserving valuable, fragile, and deteriorating materials

Institutions participating in the IMLS survey in 2006 identified additional goals. Museums gave more weight to making information about their collections accessible to artists, scholars, students, teachers, and the public, while academic and public libraries highlighted providing access to materials via the web, minimizing damage to original materials, and increasing interest in the institution. Access and preservation, however, were consistently ranked as top goals across all institutions (IMLS, 2006).

Increased access to unique cultural heritage materials has indeed been acknowledged as the major benefit of digitization (Cohen and Rosenzweig, 2006; Daigle, 2012; Smith, 1999). “Digitization is access—lots of it,” emphasizes Smith (1999, p. 7). Daigle (2012) comments, “open access has been transformative to researchers who are no longer required to travel to the physical location of primary source material” (p. 252). The added value of digitization, however, goes beyond the mere convenience of remote access to surrogate copies of original documents. Researchers point to the advantages of digital image enhancement, the ability to bring together dispersed research materials, and the potential to reach audiences across social and economic boundaries (Besser, 2003; Kenney and Rieger, 2000; Smith, 1999;  2001). The capabilities of full-text searching and cross-collection indexing afford new ways of exploring and using traditional materials (Conway, 2000; Kenney and Rieger, 2000; Lesk, 2004).

Digitization has removed physical barriers to the discovery and use of rare and fragile resources and those recorded on difficult-to-access formats. Access to rare manuscripts, photographs, maps, archival documents, and museum objects has often been limited because of their value and/or fragile nature. Digitization not only expands the reach of these materials to researchers, students, and the general public, but in many cases it enhances the visual quality of faded and illegible documents (Smith, 1999). In addition, advancements in imaging have enabled the conversion of visual materials recorded on difficult-to-access formats such as film negatives and slides. Digitization offers a new chance to shed light on unique historical collections that were previously inaccessible due to the limitations of analog formats. In fact, digitization has expanded the range of primary sources and presents students and scholars with a new body of historical evidence and even a critical mass of materials for analysis or comparison (Matusiak and Johnston, 2014).

The second main reason that libraries, archives, and museums undertake digital conversion is to facilitate the preservation of valuable analog materials. It is important to make the distinction between:
• Digitization as a means of preventive or “rescue” preservation

• Digitization as a reformatting preservation strategy

Preventive digitization is focused on creating digital copies for access and thus reducing physical use of rare or fragile originals, while digitization as a reformatting strategy has an additional goal of creating high-quality preservation copies of deteriorating analog materials. The benefits of digitization in protecting unique and valuable special collection and archival materials are widely acclaimed. Digitization can assist preservation efforts by limiting handling of original items and providing surrogate copies for immediate use (Gertz, 2007; Lee, 2001; Smith, 2001). Digital versions can also serve as backup copies if original materials are lost or damaged (Rieger, 2008).

The use of digitization as a form of preservation, however, has been more controversial. The concerns focus on the integrity and authenticity of digital data as well as on the stability of digital formats and storage mediums (Gertz, 2007; Smith, 2001). Gertz (2007) acknowledges that a digital copy can serve as a record, if an original object deteriorates or is destroyed, but maintains that digitization is a form of copying, not preservation. Digital technology, though it opens new doors for access and reformatting, has also created a set of new challenges with regard to the preservation of digitized objects. In contrast to established preservation methods such as microfilming, creating paper facsimiles, or photo duplication, digital technology is relatively new and raises questions about the access and retrieval of digitized copies due to the possible obsolescence of hardware and software. Challenges associated with the preservation of digitized objects are at the heart of the debate about using digitization as a reformatting strategy, but they are also part of a broader discussion about digital preservation that encompasses digitized as well as “born digital” materials.

The gradual acceptance of digitization as one option of many reformatting techniques reflects the progress in digital preservation and broader thinking about curating special collection and archival materials in the digital environment. The endorsement of digitization as a preservation reformatting method by the Association of Research Libraries (ARL) in 2004 represents a turning point in the debate, although its focus is primarily on print-based materials (Arthur et al., 2004). The ARL’s proposal recognizes digital conversion as a viable option and points out that each preservation reformatting technique has its strengths and weaknesses. The Endangered Archive Programme (EAP) at the British Library supports digitization as the preferred means of copying archival materials that are in danger of destruction or physical deterioration. This recommendation is particularly relevant in developing countries where other preservation methods such as microfilming may not be available. The Preservation Reformatting Division of the Library of Congress considers digital reformatting to be a preservation method for at-risk archival materials among other options, such as microfilm and paper facsimile copies. In fact, the Library of Congress uses digitization as a preservation method for the reformatting of film, sound, and video recordings (Marcum, 2007).

Digitization with new technical capabilities for capturing the content of analog materials brings renewed attention to the preservation of deteriorating historic photographs and audiovisual media. Conway (2010) emphasizes that the preservation of audiovisual collections remains a major challenge of the 21st century and points out that the efforts of the preservation community in preserving paper-based materials have not been extended to audiovisual resources. Archival photographic, audio, and video collections provide a rich and often untapped source of historical evidence, but their preservation is problematic due to complex and deteriorating formats. Ester (1996) notes that “photographic collections are deteriorating, and in many cases, much faster than monographs and periodicals” (p. 2). Still photography and time-based media with motion-picture film, audio, and video have been historically recorded on fragile and unstable carriers, including glass plates, cellulose nitrate- and acetate-based film, and magnetic audio and videotapes. The degrading analog formats lead to unrecoverable information loss. As Koelling (2004) succinctly states, “the point of digital preservation projects is to capture the information held by the original before time turns that information to dust” (p. 12). Fig. 3.1 demonstrates an example of an image scanned from a deteriorated glass plate negative from the Roman B.J. Kwasniewski Photographs at the University of Wisconsin-Milwaukee Libraries.

[image: image]Figure 3.1 Image Scanned from a Deteriorated Glass Plate Negative From the Archives Department, University of Wisconsin-Milwaukee Libraries. The image is available at: http://collections.lib.uwm.edu/cdm/ref/collection/mke-polonia/id/31790



Digital conversion offers an opportunity to capture the visual and/or audio content of unstable media before they deteriorate even further. In addition, digitization projects restore the usefulness of visual materials as information resources by providing item-level indexing and placing them in the context of other digital collections (Capell, 2010; Matusiak and Johnston, 2014). Moreover, digitization frees the recording of knowledge from physical carriers that are prone to deterioration and enables further copying without information loss.

Digitization has introduced new dimensions to the dynamic between access and preservation. While most digitization projects are undertaken to extend the reach of cultural heritage institutions and to provide online access to their collections, other initiatives connect access and preservation goals. The two complementary goals—access and preservation—can often be realized through the same digitization project. Digitization assists preservation activities by providing surrogate copies of rare and fragile materials and by offering a reformatting option for deteriorating resources. The use of digitization as a strategy for long-term preservation of analog materials is still debatable, but it is gaining recognition as a selective approach to preserving the content of deteriorating photographic materials and archival collections of time-based media. The debate surrounding digitization for preservation has recently shifted its emphasis from reformatting to the usefulness and quality of preserved items. The goal of digitization for preservation is to capture the content of deteriorating resources and to create high-quality digital assets “worthy of long-term preservation” (Conway, 2010). Detailed discussion of digital preservation can be found in Chapter 9.

Digitization strategies and sustainability
The strategies for undertaking digitization tend to be closely related to the goals and mission of the parent institution. The objectives of access and preservation are commonly shared in the cultural heritage community, but individual institutions may have additional goals, such as supporting curriculum programs, engaging the local community, meeting user requests, etc. No digitization activity is the same because of the unique characteristics of the original materials and differing institutional settings. The goals of the project determine different approaches to selection, technical standards, and the level and quality of digital capture. Overall, the selection of a digitization strategy should be informed by:
• The format and characteristics of the original materials

• The goals of digitization projects/programs

• The current and potential use

• The intended audience

The projects that focus on preservation of deteriorating analog items or those that combine access and preservation goals take a more systematic and resource-intensive approach. In these cases, all items in the collection are digitized at the highest quality affordable, and preservation-quality master copies are created for long-term archiving.

Access-oriented projects may adopt lower conversion standards to increase the amount of digitized materials. This approach can be undertaken when original items are in a stable condition and the holding institutions plan to preserve analog collections. Digitization initiatives then can forgo preservation-quality conversion, opt for minimum standards, and devote the resources to creating access copies for online delivery and meeting users’ requests. This strategy allows for faster conversion and a decrease in costs. As mentioned in the introductory section, the Google Book Project has had a significant impact on the digitization of archival and special collections materials, resulting in several calls for a mass approach and a number of pilot projects (Erway, 2011; Miller, 2013; Moore, 2014; Patzke and Thiel, 2009; Sutton, 2012). Rapid digitization technologies and strategies are further discussed at the end of this chapter.

Most digitization initiatives are strategic and proactive with a goal of building digital collections for online access and/or assisting preservation. In practice, some digitization activities are also initiated at user requests. Schaffner et al. (2011) focus on user-driven digitization and provide a flexible, tiered approach to digital reproduction policies and procedures to manage on-demand workflows. The proposed strategies aim at streamlining the process of conversion and adopting minimal standards in order to deliver digital images to users in an efficient and economical way. Daigle (2012) reports on a more systematic approach to fulfilling immediate user requests by scanning larger (than requested) portions of collections to maximize conversion efforts.

Digitization strategies have also evolved over time from being project-oriented to having a more systematic program approach. The early digitization initiatives were experimental in nature, often supported with external funding, and focused on selective collections or discrete uses. The project-based approach, however, poses risks to sustainability because it is limited in duration and scope, and often lacks lasting institutional support. Kenney (2000) comments that “to succeed, digital imaging programs must permeate institutional culture and daily functions” (p. 153). The shift from a project-based approach to programs is based on the premise that digitized collections are recognized as institutional assets. Smith (2001) outlines the key points of a sustainable strategy:
• Integrates digitization into the fabric of library services

• Focuses on achieving mission-related objectives

• Relies on funding from predictable streams of allocation

• Includes a plan for the long-term maintenance of its assets

Sustainable digitization programs need not only an organizational affiliation to support the conversion activities but also an institutional commitment to long-term maintenance and preservation of digital assets. Bradley (2007) emphasizes that digital sustainability is not purely a technical issue. Sustaining digital information requires organizational, socio-technical, and economic infrastructure. Digital sustainability is closely connected to digital preservation as it encompasses “the wide range of issues and concerns that contribute to the longevity of digital information” (Bradley, 2007, p. 151). The concepts of digital preservation are discussed in more detail in Chapter 9.

In the context of digitization, sustainability requires consideration of the entire digital conversion cycle to ensure the creation and management of high-quality, sustainable digital objects. The next section provides an overview of the steps in the digitization process and summarizes the general guidelines for digital conversion.

Digitization process
Digitization of static media is the process of converting analog information to a digital format through scanning or digital photography. Time-based analog media, including film, audio, and video recordings are transformed into the digital format with the use of playback devices and analog-to-digital converters. Static materials are represented in digital format by still images, while dynamic media are represented by a time-based sequence of digital audio signals or, in the case of video and moving images, digital sound synchronized with a sequence of images. Regardless of the type of analog material or equipment being used, digitization is a process that involves multiple phases. The basic digitization cycle is similar for all materials, although the complexity increases for time-based media. Digitization is more than simply scanning or converting audio or video signals. It requires processing and describing digital files so they can be presented and preserved in a meaningful way. The purpose of digitization is not only to convert analog information into a digital signal but also to make it into a functional and accessible digitized object.

Digitization steps
Digitization is a complex process that consists of multiple phases and a number of tasks associated with each phase. Basic digitization steps include:
• Project planning, selection, and preparation of materials for conversion

• Image capture (or conversion of audio and video signals) and creation of master files

• Digital processing of captured data and production of derivative files

• Recording of metadata

• Ingesting digitized objects and their associated metadata into digital library management systems

• Digital preservation of the objects created as a result of the conversion process

Fig. 3.2 demonstrates the multistep process of building digitized collections. Other models of the digitization cycle present similar steps but differ slightly in terminology (Chowdhury and Chowdhury, 2003; Lee, 2001; Zhang and Gourley, 2009). As discussed in the previous section, most digitization projects are undertaken in order to present digitized objects through online collections. Ad hoc digitization activities that fulfill user requests generally do not have the same level of complexity, but they also consist of several steps necessary to process files and store them properly. If items are digitized according to the established guidelines and best practices, they can be reused to meet other requests and be added to digital collections in the future.

[image: image]Figure 3.2 Digitization Steps



The steps in Fig. 3.2 are presented in sequence since this step-by-step approach is often necessary to maintain proper workflows. However, the process is also dynamic, and depending on the nature of a project, some steps may overlap or occur in a different order. For example, in the digitization of published textual records, scanning and creating metadata may take place simultaneously, or metadata may be prepared ahead of digital conversion because descriptive information is readily available. On the other hand, in projects converting film negatives or slides, metadata creation usually takes place after scanning because high-resolution digital images provide better access to the visual content. The following section provides a brief summary of each step and associated tasks and activities.

Planning, selection, and preparation of materials is the first and the most critical step that involves defining a project’s goals, scope, budget, timelines, and staff roles (Chapman, 2000). As Tanner (2001) notes, “project planning is essential to the successful implementation of any technology based project and particularly one involving digitization” (p. 329). The first phase of the project also includes selecting and assessing analog materials and preparing them for conversion, establishing technical specifications, and selecting equipment. The selection of materials for digitization requires considering multiple factors including copyright status, the format and size of originals, condition and unique characteristics, and requirements for handling fragile items. Selection criteria are discussed in more detail in Chapter 2. Damaged or deteriorating items may require some conservation efforts prior to digitization. The overall assessment of the original source collections influences the selection of digital capture equipment. Many activities in this phase are parallel to collection development, especially in rapid capture projects. Items or entire collections can be selected, processed, digitized, and rehoused as part of one project to improve efficiency of workflows and reduce material handling.

Digital capture represents the heart of the digitization process, in which analog information is sampled by capture devices (scanners, digital cameras, or analog-to-digital converters) and converted into digital signals. Depending on the availability of equipment and in-house expertise, this phase of the project can be outsourced to a digitization vendor. Dale (2007) provides a comprehensive overview of the pros and cons of outsourcing. The files produced as a result of the capture process represent information-rich digital masters, also referred to as archival master files. Digital masters represent “the best copy produced by a digitizing organization” (FADGI, n.d.). The FADGI Guidelines consider a file to be a digital master only if it meets the established technical requirements and has been quality controlled (FADGI, 2010). Master files need to be checked against quality benchmarks to ensure that they accurately represent the content of analog source materials and adhere to the established digitization guidelines. Master files serve as the source of all subsequent files to be derived. In practice, two copies of master files are usually created: one to be saved for long-term preservation, and a second one, often referred to as a service master, to serve as a source for smaller-size derivative files. The high-quality master files are important assets, so they ought to be transferred after capture to a digital repository for long-term preservation. The task of transferring digital masters for preservation is represented in the diagram by an additional arrow on the right.

Digital processing is a phase in which files created as a result of digital capture are edited and transformed to improve their quality and/or to enhance functionality. For example, copies of faded archival documents or maps can be edited to improve their contrast and legibility. In addition, artifacts introduced by the scanning process as well as scratches or dust marks can be corrected to improve the quality of the image. Noise may need to be removed from audio files, and the synchronization of audio and image might need to be improved for video files. It is recommended, however, that digital masters be saved intact, without any changes. The enhanced image should be saved as a second copy of the service master, also referred as to the production master file (FADGI, n.d.). Service master files reflect the changes introduced through digital processing and serve as a source for derivative files to be ingested into digital collections. Digital images of printed text pages can also be processed using Optical Character Recognition (OCR) software to create searchable digital documents. Textual documents can also be rekeyed to allow for encoding and/or to facilitate full-text searching. Digital processing also includes the task of quality review of service masters and derivatives.

Metadata creation involves selection of metadata schemas, customization of metadata templates, selection of controlled vocabulary tools and input guidelines, and building item-level records. Depending on the amount of information available in original collections, this process may require additional research to provide access points and contextual information. This step includes the recording of descriptive information as well as other metadata types, including administrative, structural, and technical. Quality review of metadata records is associated with this step. Chapter 5 provides more information on schemas and tools used in metadata creation.

Ingesting is a step that brings the transformation of converted items into completion, turning them into usable digitized objects. During this phase, digital content files (images, text, audio, or video) are associated with corresponding metadata records and uploaded into digital library management systems for access. After the collection building process is finalized, digitized objects are available for use. The ingesting tasks can vary depending on the content management system being used for collection building. For example, the CONTENTdm system generates derivative files for access automatically during the ingest process, while Omeka requires the preparation of derivatives in advance. The systems also vary in the level of support for metadata customization and functionality of digitized objects. Chapter 6 provides a comparative overview of six systems currently used in practice.

Digital preservation in the context of digitization refers to the maintenance of digital collections and the long-term preservation of digital master files created as a result of the digitization process. Digital master files represent valuable assets that need to be preserved over time. They serve as a source for future derivatives and as preservation copies for deteriorating analog materials. The activities associated with preserving digital masters include developing a long-term preservation policy and establishing an infrastructure and a strategy for identification, archival storage, integrity and authentication checking, regular backups, refreshing, and migration. A sustainable digitization program requires the development of an institutional approach to digital preservation and involves building a local digital repository or participating in a shared program. Digital preservation is discussed in more detail in Chapter 9.

This brief overview offers some insight into the complexity of the conversion process and necessary tasks to create high-quality usable digital objects. Quality control is an integral part of each step and encompasses procedures and techniques to verify accuracy and consistency of digitized objects (Rieger, 2000). Digitization, like many other technology-intensive projects, requires careful planning, managing multiple workflows, and proper documentation. Good project management is the key to successful digitization initiatives (Chapman, 2000; JISC Digital Media, 2014; Tanner, 2001). Over the years, members of the cultural heritage community have shared their experience and expertise in digitization through openly available tutorials and guides to best practices. The following section provides a summary of general guidelines.

General digitization guidelines
The purpose of guidelines is to ensure the creation of high-quality, sustainable digital objects that support current and intended use and are interoperable and consistent across collections and institutions. The guidelines that have emerged in the cultural heritage community, especially in the United States, are advisory rather than prescriptive in nature. They offer a range of general and technical recommendations but do not constitute a set of formal standards. The Framework of Guidance for Building Good Digital Collections is described as a recommended “best practice” (NISO Framework Working Group, 2007). The most recent guidelines issued by the division of the American Library Association stress that “at this point there is no official standard for digitization, but institutions are discussing how they can collaborate and share digitized content” (ALCTS, 2013, p. 2). This approach offers individual institutions some flexibility but has also resulted in a plethora of published guides and tutorials. Conway (2008) examines 17 guides to best practices in digitizing visual resources and concludes that the lack of standardization has implications for the quality and integrity of digitized objects and may be a hindrance to wider adoption of the guidelines by small and midsize cultural institutions.

The development of best practice guides was spurred by the early adopters of digital technology, such as Cornell University Libraries, the Library of Congress, US National Archives and Records Administration (NARA), and organizations such as Digital Library Federation (DFL), International Library Federation Association (IFLA), and Research Library Group (RLG). Conway (2008) also recognizes the seminal work of imaging specialists and pioneers of digitization, including Michael Ester (1996), Anne Kenney and Steve Chapman (1996), Franziska Frey and James Reilly (1999), Steve Puglia (2000), and Steve Puglia et al. (2004). Their work on imaging concepts and specifications provided the necessary theoretical and technical foundations for developing guides to best practices. The tutorial Moving Theory into Practice developed at the Cornell University Libraries has contributed significantly to the training of librarians and archivists in the concepts and procedures of digitization (Kenney et al., 2000). In addition to the guidelines developed by the Library of Congress and NARA, major collaborative digitization initiatives, such as the California Digital Library (2011) and Colorado Digitization Program (BCR, 2008) issued their own sets of recommendations. Those guides to imaging best practices have in turn influenced the development of guidelines at the state and institutional levels (see Appendix A for an annotated bibliography of selected guides).

The majority of published tutorials and guides to best practice focus on static textual and visual resources, but the underlying principles can also be applied to time-based media. The guidelines emphasize digitization at the highest quality to capture informational content and attributes of analog source materials in order to create accurate and authentic digital representations. Recently released guidelines build upon foundational concepts but offer higher technical specifications that reflect the current digital environment. The approach that has emerged is to offer minimum capture recommendations for a variety of static and time-based media with an understanding that unique characteristics of source materials may require variations in the specifications. A set of accepted minimums is, however, recommended to create sustainable digitized content (ALCTS, 2013).

The following list provides a summary of the general digitization principles presented in a number of currently available guides (ALCTS, 2013; BCR, 2008; FADGI, 2010; Yale University, 2010):
• Digitize at the highest resolution appropriate to the nature of the source material

• Use standard targets for measuring and adjusting the capture metric of a scanner or digital camera. Grayscale or color targets provide an internal reference within the image for linear scale and color information.

• Create and preserve master files that can be used to produce derivative files and serve a variety of current and future use needs

• Create digital objects that are accessible and interoperable across collections and institutions

• Ensure a consistent and high-level quality of digitized objects

• Digitize at an appropriate level of quality to avoid recapture and rehandling of the source materials

• Digitize an original or first generation of the source material

• Create meaningful metadata for digitized objects

• Provide archival storage and address digital preservation of digitized objects

The general guidelines assume a use-neutral approach that has been strongly recommended since the early days of digitization projects (Besser, 2003; Ester, 1996; Kenney, 2000). It implies that a source item is digitized once and at the highest level of quality affordable to meet the needs not only of an immediate project but also of a variety of future uses. The goal of this approach is to create high-quality digital representations and to avoid redigitizing in the future. The use-neutral approach is an important component of digitization best practices, as it addresses not only the current needs but also, as Besser (2003) emphasizes, “all potential future purposes” (p. 43). It includes the notion of digital master files (sometimes referred to as archival masters) and derivatives. Ester (1996), who introduced the concepts of digital archival and derivative images, notes “an archival image has a very straightforward purpose: safeguarding the long-term value of images and the investment in acquiring them” (p. 11). In addition to the difference in purpose and use, digital masters and derivatives also differ in regard to file attributes such as size, compression, dimensions, and format.

Digital masters are created as a direct result of the digital capture process and should represent the essential attributes and information of the original material. Digital masters are supposed to be “the highest quality files available” (Besser, 2003, p. 3). They should not be edited or processed for any specific output. Because the process of creating digital masters usually results in large file sizes, digital masters are not used for online display. In fact, many archival formats such as TIFF are not supported by major web browsers. Their primary function is to serve as a long-term archival file and as a source for derivative files. Digital masters are stored in digital repositories for long-term preservation. General recommendations for digital master file creation include:


• Digitize at the highest quality affordable

• Save as an uncompressed file

• Use standard, nonproprietary file formats, such as TIFF for static media (text or still images) or WAV for audio

• Do not save any enhancements in an archival copy

• Use an established file-naming convention

Derivatives are created from digital master files for specific uses including presentation in digital collections, print reproductions, and multimedia presentations. General recommendations for derivative files include:
• Reduce the file size so it can load quickly and be transferred over networks

• Use standard formats with lossy compression such as JPEG

• Use standard formats supported by major web browsers

Table 3.1 provides a summary of formats recommended for digital masters and derivatives based on analog source type. File format is an essential component, as it provides an internal structure and a “container” for digitized content. Unlike physical objects, digital files do not exist in an independent material form. Digital data is stored in file formats and requires hardware and software to be rendered. The Sustainability of Digital Formats site at the Library of Congress provides a working definition of formats as “packages of information that can be stored as data files or sent via network as data streams (also known as bitstreams, byte streams)” (Library of Congress, 2013).

Table 3.1

Recommended File Formats for Digital Masters and Derivative Files




	Analog Material
	Digital Masters
	Derivatives





	Text
	TIFF
	JPEG, PDF



	Photographic images (prints, negatives, slides)
	TIFF
	JPEG, JPEG 2000



	Audio recordings
	WAV/BWF
	MP3



	Moving image (video, film)
	JPEG 2000/MXF
	MPEG-4 (MP4)






File formats vary in their functionality and attributes. The master file format needs to be platform independent and have a number of attributes, such as openness, robustness, and extendibility, to support the rich data captured during the conversion and to ensure its persistence over time as technology changes (Frey, 2000a). The selection of an appropriate format has implications for access across platforms and transfer over networks as well as storage and long-term preservation. The Framework of Guidance for Building Good Digital Collections states as one of its principles: “a good object exists in a format that supports its intended current and future use” (NISO Framework Working Group, 2007, p. 26). The section of this chapter on technical factors provides an overview of the recommended formats for static media, including TIFF, JPEG, JPEG 2000, PDF, and PNG. Audio and moving image formats are discussed in more detail in Chapter 4.

General guidelines also include recommendations for establishing a file-naming convention. File names for digital masters and derivatives need to be determined before the digital capture process begins and preferably follow a convention adopted by the parent institution or department. Digital files should be well organized and named consistently to ensure easy identification and access. Systematic file naming helps not only to manage the project but also ensures system compatibility and interoperability. File names can be either nondescriptive or meaningful. Both approaches are valid, but each has its pros and cons (Frey, 2000a; Zhang and Gourley, 2009). Selecting a file-naming convention for digitization requires long-term thinking and a good understanding of the scope of the project and/or the size of the original collection. File-naming recommendations include:
• Assign unique and consistent names

• Use alphanumeric characters—lowercase letters and numbers 0 through 9

• Avoid special characters, spaces, and tabs

• Include institutional IDs (if available)

• Number files sequentially using leading zeros

• Use a valid file extension, such as .tif, .jpg, or .pdf

• Limit file names to 31 characters, including the three-character extension; or if possible, use 8.3 convention (8 characters plus three-character extension)—for example, aa000001.tif

Digitization of textual and static visual resources
Static media encompasses a wide range of textual documents, from handwritten letters to printed books, and an even more complex array of photographic resources and other types of two-dimensional visuals. Photographs, archival records, postcards, rare books, manuscripts, and newspapers represent the majority of digitized items in the static media category. Photographs are the most frequently digitized objects. The 2012 survey of digitization activities in Europe reports that 66% of surveyed cultural heritage institutions have digitized photographs (Stroeker and Voegels, 2012).

Textual materials and still images are converted to the digital form through scanning or digital photography. A variety of digitization equipment, from scanners to digital cameras, can be used in the conversion process. During the scanning process, an item is sampled and mapped as a grid of picture elements. A pixel is a single picture element. The captured data are represented by a series of pixels called “raster images” (also referred to as “bitmap images”). Puglia (2000) describes the structure of digitized images: “digitization converts an image into a series of picture elements of pixels, little squares that are either black or white (binary), a specific shade of gray (grayscale), or color. Each pixel is represented by a single or series of binary digits, either 1s or 0s. The pixels are arranged in a two-dimensional matrix called a bitmap” (p. 83). Fig. 3.3 demonstrates an example of a pixel matrix in an image scanned from a 35 mm color slide. The image of an Iranian woman featured in Fig. 3.3 is part of the American Geographical Society Library Digital Archive and is available at http://collections.lib.uwm.edu/cdm/ref/collection/agsphoto/id/102.

[image: image]Figure 3.3 Pixel Matrix of an Image Scanned from a Color Slide



Bitmap images are characterized by a number of measures, such as resolution, pixel bit depth, and color mode, and their size and quality are affected by other technical factors including compression. The following section provides a brief overview of basic image measures, digitization equipment, and selected technical recommendations for conversion of textual and photographic resources.

Technical factors
A range of technical factors play a role in the digitization process and relate to the quality and size of captured images. Paying close attention to image measures, such as resolution, bit depth, and color mode is critical during the conversion process, as these directly impact the quality of digital master files. Other factors, such as compression, need to be determined during the processing stage in the production of derivative files. Technical specifications, including resolution, bit depth, and mode of capture, have to be considered in the selection of the scanners and digital cameras.

Resolution is one of the most important factors, as it refers to the number of times an image is sampled and consequently relates to the amount of detail captured during the scanning process. Resolution specifically refers to the number of dots, or pixels (picture elements), used to represent an image. It is expressed in a number of ways, DPI (dots per inch) or PPI (pixels per inch). PPI refers to the number of pixels captured in a given inch and is used when discussing scanning resolution and on-screen display. DPI comes from the print environment in reference to the optical resolutions for images and hardware. DPI more accurately refers to output devices, or how many dots of ink per inch a printer puts on the paper or onscreen monitor display. However, the two terms are often used interchangeably. Digitization guidelines recommend scanning at the highest resolution affordable to accurately and fully capture the visual content of the original materials. Scanning resolution depends on the technical specifications of capture devices, so it is important to select a scanner or camera with sufficient optical resolution. Depending on the camera’s lenses and support, the achieved resolution can sometimes be different from the optical resolution. FADGI (2010) provides helpful guidelines on sampling frequency. Items scanned at high resolution will result in large digital master files. However, there is no “one size fits all” ideal or standard resolution. The resolution should be adjusted according to the type of source item, its physical dimensions, and the amount of detail that needs to be captured. Digitization guidelines provide a range of recommended resolution measures relative to the types of sources materials and dimensions. For example, a minimum resolution for textual materials without images is 300 ppi, while a photographic 8 × 10 in. print will benefit from scanning at 600 ppi (ALCTS, 2013). Higher resolution provides more pixels and will generally render more detail, but there is also a point when increasing resolution does not yield any additional information.

Pixel bit depth influences the representation of images, rendered in a grayscale tone or a range of colors. It is a measure that “defines the number of shades that can actually be represented by the amount of information saved for each pixel” (Puglia, 2000, p. 85). Depending on the number of bits per pixel, images are represented as black or white, grayscale, or true color. One-bit images are bitonal—either black or white. Eight-bit images are necessary to represent 256 shades of gray tones in photographic images. Most color images require 24 bits per pixel to provide true representation of color. The greater the bit depth, the more information about the source is captured by the scanning device, resulting in a more accurate digital representation of the original. A bit depth of 8 can capture enough information to represent 256 colors or shades of gray. A bit depth of 24 captures over 16 million colors or shades of gray. It is worth remembering that there is a relationship between bit depth and file size. Scanning at a higher bit depth increases the overall file size. The usage of the term has evolved as institutions have moved from legacy scanning to modern raw capture. Currently, an 8-bit file means a 3-channel file with 8 bits per channel, which used to be referred to as a 24-bit image.

Color mode refers to the representation of color in images. Color images consist of three or more channels that represent color information. Several different systems are used to represent color images, with RGB being one of the most common. RGB stands for red, green, and blue, the three channels used to represent digital color images. Computer software combines the three channels for each pixel to determine the final color. An RGB color digital image file consists of three channels, each with 8 bits of data (3 channels × 8 bits = 24 bits). Many cultural heritage institutions process to 16 bits per channel to achieve subtle gradations of color.

Modes of capture refer to the way digitization equipment captures images in relation to the two measures: bit depth and color mode.
• Bitonal mode is appropriate for printed text materials without illustrations. Text can be scanned in bitonal mode where one bit per pixel will represent black or white values. Bitonal scanning was used in early digitization projects but now is used infrequently.

• Grayscale mode requires multiple bits per pixel (8 bits minimum) to represent shades of gray and is appropriate for scanning photographic black-and-white film negatives, black-and-white photographic prints, or books and newspapers with grayscale images. Increasingly, color RGB mode is recommended for black-and-white photographic materials since it captures more information from an analog source. Generally, black-and-white prints and negatives will benefit considerably from scanning in RGB. If storage of these files is an issue, they may be converted to grayscale after scanning.

• RGB color mode is recommended for items with continuous tone color information. RGB mode is used for all textual and visual resources where color is present in the source item. In addition, archival textual materials or rare books are scanned in color when it is important to capture the aging nature of paper or other artifacts (handwritten notes, stamps, etc.).

Compression is the process of reducing the file size by discarding a certain amount of information. The process is, in most cases, irreversible. Compression is closely related to the quality of images and their size.
• Lossless compression discards redundant information and does not impact the quality of images. It allows for storing data in a more compact form. Lossless compression is supported by TIFF and JPEG 2000 formats and can be used for service masters—images created as a result of processing and image enhancement techniques. However, it should not be applied to digital master files. Digital archival masters should be saved as uncompressed files. No compression is different from lossless compression. Digital master files should retain all information captured during the conversion process.

• Lossy compression creates file sizes that are smaller, but it also contributes to the loss of image data and decreases quality (the amount of discarded information depends on the level of compression). It is important to remember that when a compressed image is decompressed, it is no longer identical to the original image. JPEG format applies lossy compression. JPEG file sizes can be reduced by applying compression, which makes them suitable for online access and distribution.

Formats provide a standardized method of encoding and organizing data into files. The digital conversion of textual and photographic materials results in still raster (bitmap) images, a two-dimensional grid of pixels. A variety of formats can be used for storing raster images. The distinction between digital master files and derivatives in the digitization of cultural heritage materials provides a foundation for the selection of formats. TIFF has been recommended as a master format for still images. TIFF has been widely adopted, and, as a recent study of file formats for raster still images indicates, it “has been the format of choice for the cultural heritage community” (FADGI, 2014, p. 3). JPEG and JPEG 2000 have been recommended as derivative formats for photographic images, newspapers, manuscripts, and maps. JPEG 2000 has also been considered as an archival format for master files (Buckley, 2008; Buonora and Liberati, 2008; Van der Knijff, 2011). PDF is recognized as a suitable derivative format for textual documents. PDF/A is a format recommended for archiving digital documents.
• TIFF (Tagged-Image File Format) is a stable and widely adopted file format for master files of raster still images. Used since the early days of digitization, TIFF has become the de facto standard for digital masters of digitized static cultural heritage materials. Fleischhauer (2014a) notes, “its endurance in time can be seen as a strength, especially considering the wide array of applications that can read it” (pp. 2–3). Highly flexible and platform-independent, it can be used for storing bitonal, grayscale, and color still images. TIFF combines raster image data with a flexible tagged field structure for metadata. TIFF supports lossy and lossless compression. It is recommended that digital masters be saved as uncompressed TIFF files, but lossless compression, such as LZW compression, can be used for service masters. Uncompressed TIFF files require a considerable amount of storage space. TIFF is an open and well-documented standard, with the specifications of TIFF Revision 6.0 maintained by the Adobe Systems. The TIFF filenames use .tif or .tiff extensions.

• JPEG (Joint Photographic Experts Group) is designed for compressing and thus reducing the size of grayscale and color raster still images. The JPEG standard was published in 1992 and is commonly used on the web and in digital cameras. In digitization, JPEG is used primarily for derivative images to be displayed in digital collections. JPEG applies a lossy compression method, which reduces the file size. The amount of compression can be adjusted. The typical ratio of 10:1 results in very little perceptible loss in image quality. JPEG works particularly well with photographic images of continuous tone, while images with lettering or line drawings may suffer some degradation in quality. The effective compression makes JPEG a particularly suitable format for online display and transfer over the Internet. However, because of the loss of data associated with compression, this file format should not be used for master files. The JPEG format is supported by all browsers. The JPEG file extensions are .jpg or .jpeg.

• JPEG 2000 is an international standard for the compression of digital still images. It was proposed by the Joint Photographic Experts Group in the year 2000 as an open file format and a compression method with the goal of improving or superseding the original JPEG format. JPEG 2000 provides a new compression algorithm with progressive display, multiresolution imaging, scalable image quality, and the ability to handle large and high-dynamic range images (Buckley, 2008). The JPEG 2000 file format also offers significant improvements over earlier formats by supporting both lossless and lossy image compression. Because of its superior ability to handle large content files and dynamic display with support for zooming and panning, JPEG 2000 has been used as a derivative file format for maps, newspaper pages, and other large images (Fleischhauer, 2014b). At this point, the format cannot be viewed natively in most web browsers and requires a dedicated JPEG 2000 viewer. The potential of JPEG 2000 for storing large master files and as an alternative to uncompressed TIFFs files has also been explored due to its excellent compression performance (Buonora and Liberati, 2008; Van der Knijff, 2011). The acceptance of JPEG 2000 as a preservation format, however, has been slow and a subject of debate in the cultural heritage community (Adams, 2013; Fleischhauer, 2014b). The study conducted by Van der Knijff (2011) also identifies some preservation risks, related to the current format specification in color space and in the handling of grid resolution, which may lead to the loss of some information in future migrations. JPEG 2000 uses .jp2 and .jpx extensions.

• PDF (Portable Document Format) is an access format developed by Adobe Systems in 1993 to share and view digital documents. It remained a proprietary format until 2008 when it was released as an open international standard. PDF is used to represent 2D documents in a fixed-layout format. PDF documents maintain the original structure and appearance of source items and can be exchanged across many platforms. PDF is a universal format used to represent both born digital and digitized documents. A popular format in the publishing industry, PDF became a de facto standard for scholarly publications, administrative documents, and many textual documents shared over the web. In digitization, PDF is used as a derivative format to represent multipage objects, such as manuscripts, books, journals, and archival documents. Full-text searching of digitized documents can be incorporated into PDF derivatives, but it requires additional processing of source images. At a minimum level, digitized historical documents are presented in the PDF format as images—digital facsimiles. Full-text searchability is available for digitized print documents processed with Optical Character Recognition (OCR) software (Turró, 2008; Yongli, 2010). A free and widely available PDF reader can be used as a standalone program or a browser plug-in. A PDF filename has a .pdf extension.

• PDF/A builds upon the specifications of PDF but was developed specifically as a standard format to ensure long-term accessibility and the preservation of electronic documents. PDF/A addresses the concerns of the archival community and is recognized as a format for the digital archiving of documents (Dryden, 2008). PDF/A-1 was released in 2005, and the latest version, PDF/A-3, was made available in 2012. It provides “a mechanism for representing electronic documents in a manner that preserves their static visual appearance over time, independent of the tools and systems used for creating, storing or rendering the files” (Lazorchak, 2014). The difference between PDF and PDF/A is in the preservation function, which in PDF/A is achieved by embedding all fonts and metadata within the file so that it can be consistently rendered regardless of the hardware and software used to create or view it.

• PNG (Portable Network Graphics) was designed to replace the older GIF format. PNG supports raster grayscale and color image files and offers lossless compression. PNG is supported by all major web browsers and is a popular choice for transferring images over the web. The use of the PNG format in digitization projects is limited thus far. In a recent Library of Congress blog, Fleischhauer (2014b) highlights PNG support for color management and lossless compression and wonders about the potential use of PNG for master files. PNG uses a .png file extension.

The file formats used in the digitization of static media demonstrate a high degree of stability, especially in comparison to the still-evolving formats for video recordings. A comparative study of TIFF, JPEG, JPEG 2000, PNG, and PDF, conducted by the Federal Agencies Digitization Guidelines Initiative, indicates that all formats have viable sustainability, although they vary in attributes, capabilities, and cost of implementation (FADGI, 2014).

Digitization equipment
The focus of this overview is on imaging equipment used in the digital conversion of textual and 2D visual resources recorded on a variety of analog carriers, including paper, film negatives, glass plates, or slides. The type of equipment used in the conversion process depends on the condition and format of the analog source, its physical dimensions, characteristics, rarity, and fragility. When considering the format of analog materials, it is important to make a distinction between:
• Reflective materials, such as paper used in creating manuscripts, books, maps, drawings or photographic prints

• Transparent media, such as film, slides, or glass plates

This distinction has implications for selecting an appropriate capture device and is related to the way scanners work.

A scanner is a device that analyzes the surface of an image, printed text, or transparent film and converts it into a digital image, which is a 2D pixel array. Most scanners use CCD (charge-coupled device) light-sensitive image sensors. In the case of reflective materials, such as paper-based textual resources or photographic prints, the light is reflected off the surface of the paper and read by a set of light-sensitive diodes that then convert this reading into a digital value. In the case of transparent materials, such as film negatives or slides, the light needs to pass through the material so the sensor can read the image and convert it into a digital file. Transparent materials require dedicated film scanners or flatbed scanners with a transparency adapter.

Cultural heritage institutions have collected historical materials on a variety of analog formats, and their conversion requires versatile digitization equipment. The selection of a scanner or digital camera depends on the physical dimensions and characteristics of analog sources and will greatly impact image quality. Photographic prints can be digitized using flatbed scanners. Larger film negatives such as 4 × 7 in., 5 × 7 in., or 8 × 10 in. can be scanned using flatbed scanners with a transparency adapter, but small negatives of 35 mm require dedicated film scanners. Textual materials on paper (reflective), if they are single-leaf documents, can be scanned using flatbed scanners or even faster sheet-fed scanners if materials are not rare. Bound materials—books and manuscripts—require overhead scanners or digital cameras. Maps and charts that are large and exceed the size of flatbed scanners will need wide-or large-format scanners. And finally, documents on microfilm, such as newspapers, require dedicated microfilm scanners. Digital cameras are increasingly being used in digitization projects, but they require a digital imaging studio with additional pieces of equipment. The price of scanners and cameras has decreased over the years, but the cost still plays a significant role in selecting equipment, especially when it comes to high-end film scanners or large-format digital cameras.

The following section provides a brief overview of types of scanners and cameras used in practice. The examples presented in the figures are meant to illustrate the types of equipment but are not intended to be an endorsement of specific models or companies.

Flatbed scanners are suitable for single-leaf text documents and most photographic prints, provided the material does not exceed the scanner’s maximum imaging area. Large-format flatbed scanners and sheet-fed scanners can capture single-leaf oversized materials. Flatbed scanners are used for digitizing reflective materials. Scanning transparent materials, such as glass plates and larger film negatives, requires a transparency adapter. The major limitation of implementing scanners in a digitization program is that they are very slow and require contact of a scanned item with the glass surface of the scanning bed. Flatbed scanners are not suitable for brittle or bound materials.

Fig. 3.4 includes an example of a flatbed scanner, Epson Expression 10000, that is commonly used by archives and libraries for digitization. It provides a scanning area of 11 × 17 in., high optical resolution up to 2400 ppi, and high bit depth, up to 48 bit for color and 16 bit for grayscale images. A transparency adapter is optional, but it allows for the scanning of large film negatives (4 × 7 in., 5 × 7 in., or 8 × 10 in). The resolution 2400 ppi, however, is too low for small size film (35 mm).

[image: image]Figure 3.4 Flatbed Scanner Image courtesy of Ling Meng, Digital Collections and Initiatives, University of Wisconsin-Milwaukee Libraries.



Overhead scanners are used in the image capture of bound materials—books and manuscripts—as well as for fragile reflective materials, such as newspapers, prints, drawings, and small maps. The source of light is on the side, light sensors are at the top, and thus books do not need to be placed face down.

Fig. 3.5 presents an example of an overhead scanner. This scanner has a large scanning area and an integrated glass plate that allows for the flattening of uneven materials. It also includes a motorized book cradle that makes it easier when scanning bound volumes. The resolution is 400 ppi, so this type of scanner works well with books but not with smaller items that require a higher resolution.

[image: image]Figure 3.5 Overhead Scanner Image courtesy of Ling Meng, Digital Collections and Initiatives, University of Wisconsin-Milwaukee Libraries.



Fig. 3.6 presents an example of DT BC100 Book Capture System, a dedicated book scanning system that offers fast, preservation-quality image capture of bound monographs and loose materials, including works on paper, serials including newspapers, loose manuscripts, photos, and drawings. The system includes a V-cradle and glass plates for flattening materials. For more fragile or rare items, the cradle can be raised so material is about to touch the glass but does not actually make contact.

[image: image]Figure 3.6 DT BC100 Book Capture System Image courtesy of Digital Transitions Division of Cultural Heritage. www.dtdch.com



Film scanners are used in the conversion of transparent media, such as 35 mm slides and film negatives. Some flatbed scanners include transparency adapters, but their resolution and dynamic range are limited in comparison to film scanners. Dedicated film scanners offer higher resolution and are appropriate for the small size of the original transparent material. They also enable scanning without glass. Glass attracts dust which becomes visible at high resolutions.

Fig. 3.7 includes an example of Nikon CoolScan that can create scans of 35 mm film negatives and slides at 4000 ppi. Fig. 3.8 demonstrates a high-end Hasselblad film scanner, which provides high resolution of 6000 ppi and is capable of scanning other film sizes in addition to 35 mm film. It can also scan batches of negatives in a somewhat automated fashion, but of course, high quality and scanning speed come at a price. Fig. 3.9 provides another example of a film scanner, the DTFSK scanner available from Digital Transitions. This new generation film scanner offers not only preservation-quality image capture but also speed, being 400 times faster than legacy scanning equipment. It is capable of scanning a wide range of formats from 35 mm up to 11 × 17 in. film.

[image: image]Figure 3.7 Nikon Film and Slide Scanner Image courtesy of Ling Meng, Digital Collections and Initiatives, University of Wisconsin-Milwaukee Libraries.



[image: image]Figure 3.8 Hasselblad Film Scanner Image courtesy of Ling Meng, Digital Collections and Initiatives, University of Wisconsin-Milwaukee Libraries.



[image: image]Figure 3.9 DTFSK Film Scanner Image courtesy of Digital Transitions Division of Cultural Heritage. www.dtdch.com



Digital camera systems provide the most versatile image capture environment, but they require setting up a more robust imaging studio. It is important to make a distinction between digital cameras and camera-based systems used in digitization. In addition to a camera unit, digital camera systems include a number of components, such as a light source, a vacuum easel for flat materials, and a cradle for books or other bound materials. Digital camera systems are designed specifically for cultural heritage applications, of which a digital camera is a very small part. There are even currently emerging technologies that incorporate all of these into a single unit. A camera unit will include a camera body, lens, and specially formatted camera back, such as those offered by PhaseOne, Leaf, and Sinar or Hasselblad. These larger format digital camera systems not only offer high resolution—they are engineered to provide the greatest dynamic tonal and color range and clarity, which can render amazing levels of image quality. Many materials of varying formats can be captured using an overhead camera, and the resulting details in the image file often show such minute details as the support composite fibers, quality of typeset or engravings, and even single bristle lines left from an artist’s brushstroke. Oversize items, such as maps, can be placed on a vacuum easel or copy stand or hung on the wall for image capture, and the image quality can even facilitate multiple captures of segments of an item to be merged into a larger image with minimal quality loss rather than a single-frame capture that may not show the greatest detail of a given item.

Fig. 3.10 is an example of a camera system in place at the Denver Public Library’s Imaging Services Lab, which is a division of the Western History and Genealogy Department. They have retrofitted their previous view camera system with an RCam from the Digital Transitions Division of Cultural Heritage, which utilizes a PhaseOne back and Schneider lens. It is utilized as the main tool in their digitization work as it can capture multiple format types that may have varying characteristics. These types of camera installations, however, are expensive and require substantial expertise and in-depth training. Many institutions have determined that the initial investment of high-end equipment and well-trained personnel is rewarded by superior image quality, smoother workflows, and rapid production of digital assets. Less costly options include professional-grade digital SLR (single lens reflex) cameras that work well for books and other prints. Most consumer-level digital cameras are inadequate for the reproduction of special collection materials.

[image: image]Figure 3.10 Large-Format Digital Camera System Image courtesy of Benjamin Miller. Imaging Services Lab, Denver Public Library.



Many digital camera systems involve an intermediary step of working with raw files before they are processed into digital masters. The immediate result of camera-based capture is a raw proprietary file, which at the point of capture does not represent a digital master. Raw files need to be saved in the TIFF format in order to become master files. Photographic capture with its raw workflows is more complex than direct-to-TIFF scanning, but it offers more flexibility and acceleration in imaging process.

Recommendations for digital capture of text and photographic images
The processes for digitizing textual and photographic materials are similar to a certain extent. For both source types, the output is in the form of digital images, and masters are saved in the TIFF format. However, recommendations for resolution and bit depth vary because of the fundamentally different content, and the amount of detail that needs to be captured is greater for photographic materials. The complexity of photographic processes and formats also demands a wider range of specifications and more versatile digitization equipment. While digitized photographs remain basically as images, digitized text documents need to be further processed and transformed to make the textual content searchable.

Text digitization focuses primarily on legibility issues. Scanned pages of books, newspapers, journals, and other textual documents can be presented as images and/or as searchable text. Digitized text not only has to be legible to the human eye but also needs to be recognized and processed by software if searchable text is to be created. The size of text in original text material is an important factor when determining technical specifications. Higher resolution and bit depth are recommended for documents with smaller typeface. Features of the original documents, such as handwritten versus print, their rare nature, or the presence of illustrations, also play a role in adjusting the specifications.

Table 3.2 is based on the most recent recommendations prepared by the Association for Library Collections and Technical Services, a division of the American Library Association (ALCTS, 2013). It is important to remember that the listed specifications represent minimum recommendations. Increasing resolution is highly recommended for rare books with ornate and irregular fonts and for manuscripts where legibility might be an issue.

Table 3.2

Minimum Digitization Recommendations for Textual Materials




	Original Material
	Scanning Resolution
	Bit Depth
	Capture Mode
	Notes





	Books and other text without images (nonrare)
	300 ppi
	8 bit
	Grayscale
	The resolution may be adjusted according to the detail to be represented.



	Books and other text with images (nonrare)
	400 ppi
	8 bit or 24 bit
	Grayscale or color
	The resolution may be adjusted according to the detail to be represented. Capturing in color (24-bit RGB) is recommended.



	Rare books
	400 ppi
	24 bit
	Color
	Increasing resolution may be necessary for less standardized fonts.



	Manuscripts
	400 ppi
	24 bit
	Color
	Increasing resolution may be necessary for difficult to read handwritten documents.
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Page images produced as direct output of digital conversion are not searchable. Digitized documents can be converted into fully searchable text either through manual keying or automatic processing using OCR software. A hybrid approach may combine OCR processing with a review for accuracy and manual correction. Current OCR technology can process typed or printed text with various degrees of accuracy, but is not capable of converting handwritten text. Manuscripts and other handwritten documents must be typed to become searchable. Because of a large body of digitized historical documents and manuscripts, there is a strong research interest in developing solutions for machine recognition of handwritten text (Romero et al., 2011; Sánchez et al., 2014). However, these efforts remain in an experimental stage.

In practice, most searchable text of digitized printed or typed documents is created through OCR software (Lesk, 2004; Yongli, 2010). OCR is the process that converts the text of a digitized printed page into a searchable text file. This is accomplished as the OCR software analyzes scanned page images, recognizes groups of characters (words), compares them against its dictionary, and finally translates the characters into machine-readable digital text format. Cultural heritage institutions have used a wide range of proprietary OCR software, including ABBYY FineReader, Adobe Acrobat, OmniPage, or Readiris Pro. There is also a growing interest in using open source OCR tools, such as Tesseract, that provide more customization and specifically support OCR processing of digitized historical documents (Blanke et al., 2012). OCR technology is primarily used for creating searchable text of digitized books, journals, and newspapers. Increasingly, it is also viewed as an important component in large-scale digitization of modern archival collections (Miller, 2013).

The accuracy of text produced with OCR software varies. The high rate of 99% can be reached in recognition of English-language typed or printed legal or business documents (Rice et al., 1996). However, accuracy decreases for historical documents, such as newspapers, where the rate of uncorrected OCR can be as low as 68% (Klijn, 2008). The performance of OCR software plays a role, but the accuracy of the processed text also depends on a number of other factors, including:
• Quality of the scanned images

• Legibility of the original text

• fonts

• contrast between printed text and page background

• layout

• Language and script

The quality of OCR text is related to the condition of the original source materials (Klijn, 2008). The accuracy rates decrease for historical documents printed with rare and difficult-to-recognize fonts and for documents with complex layouts, such as newspapers (Holley, 2009; Tanner et al., 2009). Non-Latin language scripts, such as Arabic, pose another challenge. Digitization projects involving historic Arabic-language periodicals demonstrate relatively low accuracy of OCR text (Matusiak and Abu Harb, 2011). In addition, the artifacts present in historical documents, such as tears, speckles, poor printing, or bleeding, reduce the quality of OCR output.

Photographic images represent the most difficult materials to convert in the 2D static media category, and yet they are often the first candidates for digitization projects undertaken by cultural heritage institutions. The authors of The Minimum Digitization Capture Recommendations emphasize, “accurately reformatting historic photographs is among the most challenging of the static media types” (ALCTS, 2013, p. 23). This difficulty stems from the diversity of analog materials that have been used to record photographic images, from glass plates to different types of negatives. The original negatives and prints come in different sizes ranging from 35 mm to 8 × 10 in. Further, nitrate- and acetate-based film negatives used for several decades of the 20th century are chemically unstable and present preservation risks. However, as previously discussed, digitization provides a tremendous opportunity to capture the visual information of deteriorating film-based materials. The negatives may require some conservation efforts such as cleaning or straightening prior to scanning. Moreover, representing the visual content of photographs in the digital format presents a unique set of challenges related to tone and color reproduction.

The presence of original negatives along with prints in many archival photographic collections causes a dilemma in choosing which source to digitize. In general, it is recommended to digitize from the most original source (i.e., the negative). The general digitization principle, “digitize an original or first generation of the source material,” is especially applicable to photographic collections. Frey (2000b) points out that “because every generation of photographic copying involves some quality loss, using intermediates immediately implies some decrease in quality” (p. 114). There are, however, some exceptions to this rule, especially in cases where there are substantial differences between the negative and the print. In some cases, photographic prints have been custom made, and scans from these derivatives will surpass a straightforward scan from an original negative. The negatives also can be in poor condition due to deterioration. In such situations, scanning from an intermediate is a better solution. In the case of artistic photography, it makes sense to scan both the negative and the print(s) if both are available.

The physical characteristics of the photographs need to be assessed in order to select the most appropriate equipment and to determine the technical specifications. The medium, format, and size are the primary factors affecting the equipment selection. Original source collections need to be evaluated with respect to:
• Number of images to capture

• Size of the original photographs

• Format and medium—reflective (photographic prints) versus transparent (film negatives, glass plates, or slides)

• Condition and unique characteristics of the original items

• Requirements for handling fragile originals

The size of original photographs is particularly important because digitization recommendations for photographic images are commonly based on the image spatial dimensions. Since film negatives and prints come in different sizes, a common practice is to use the number of pixels on the long dimension as a measure and adjust the resolution accordingly. In the early digitization projects, 4000 pixels on the long side were recommended as a minimum dimension. With improvements in the capabilities of imaging equipment and the lower cost of digital storage, 6000–8000 pixels on the long edge are currently recommended, especially for larger transparencies.

Table 3.3 provides a list of recommended technical specifications for a range of reflective and transparent photographic materials. The table does not cover all photographic types and sizes. The goal of this sample is to demonstrate that there is a significant variation in resolution that needs to be adjusted according to the size and type of the source item. This summary is based on the minimum recommendations prepared by the Association for Library Collections and Technical Services (ALCTS, 2013). The ALCTS guidelines include minimum specifications for other types of static media, such as maps, drawings, aerial photography, etc. As emphasized in the ALCTS document, these recommendations serve as a starting point, and many still images may require higher resolution and greater bit depth (16 bit for grayscale and 48 bit for color).

Table 3.3

Minimum Digitization Recommendations for Photographic Images




	Original Item Dimensions
	Scanning Resolution
	Bit Depth
	Capture Mode
	Spatial Dimensions





	
Reflective Materials: Photographic prints





	8 × 10 in. print
	400 ppi
	8 bit or 24 bit
	Grayscale or color
	3200 × 4000 pixels



	5 × 7 in. print
	625 ppi
	8 bit or 24 bit
	Grayscale or color
	3125 × 4375 pixels



	4 × 5 in. print
	800 ppi
	8 bit or 24 bit
	Grayscale or color
	3200 × 4000 pixels



	4 × 2.5 in. print
	1200 ppi
	8 bit or 24 bit
	Color
	4800 × 3000 pixels



	
Transparent Materials: Film negatives and slides





	8 × 10 in. film negative
	800 ppi
	8 bit or 24 bit
	Grayscale or color
	6400 × 8000 pixels



	4 × 5 in. film negative
	1200 ppi
	8 bit or 24 bit
	Grayscale or color
	4800 × 6000 pixels



	35 mm film negative or slide
	4000 ppi
	8 bit or 24 bit
	Grayscale or color
	5480 pixels on the long edge
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The recommendations for digital capture of text and photographs have evolved slightly in response to changing technology, but the basic specifications have been relatively stable in the past two decades. Although there are no formal standards, the existing digitization guidelines and practices for static 2D materials have been well established. In contrast to preservation formats for time-based media that are still evolving, TIFF as an archival master format for text and images is stable and widely accepted. Digitization of textual documents and photographs is a matter of efficient practice rather than experimentation, although the conversion of versatile photographic materials is not free of unique challenges. In 2002, Lynch commented on the progress in digitization of cultural heritage materials: “we’re getting pretty good at digitizing material at scale. We have a wealth of experience and a large number of successful projects” (Lynch, 2002, p. 3). In the past decade, cultural heritage institutions have built upon the early experiences and have increased digitization efforts of unique archival and special collections, although not on a massive scale.

Rapid digitization
Rapid approaches have been proposed as an alternative to the resource-intensive, preservation-quality digitization to scale up the conversion of archives and special collections (Erway, 2011; Erway and Schaffner, 2007). Erway and Schaffner (2007) note, “as a community, we have spent more than two decades painstakingly pursuing the highest quality in our digitization of primary resources” (p. 2). The authors of this influential OCLC report recommend “shifting gears” and adopting a more flexible approach to digitizing archives and special collections. The impacts of the Google Book Project, changing user expectations, shrinking budgets, and a desire to maximize digitization efforts, are mentioned as primary reasons for shifting into rapid capture techniques and strategies.

In the archival community, the interest in mass digitization has also been spurred by the discussion about revamping the traditional processing practices and adopting the principle of More Product, Less Process (MPLP) (Greene and Meissner, 2005). Meissner and Greene (2010) address the debate surrounding MPLP in the follow-up article and articulate the general principles of MPLP:
• Make user access paramount: get the most material available in a usable form in the briefest time possible

• Expend the greatest effort on the most deserving or needful materials

• Establish an acceptable minimum level of work, and make it the processing benchmark

• Embrace flexibility: don’t assume all collections, or all collection components, will be processed to the same level

• Don’t allow preservation anxieties to trump user access and higher managerial values (pp. 175–176)

Although the MPLP principles were originally proposed to alter the practices in processing of physical archives, they have been also adopted in digitization to advance the large-scale conversion of archival and museum collections (Miller, 2013; Moore, 2014; Sutton, 2012).

The overall goal of rapid capture is to lower the cost of the conversion process and accelerate the rate of digitization in order to deliver more content to users. This approach has been proposed for user-initiated digitization (Schaffner et al., 2011) as well as for the mass conversion of archival and other unique cultural heritage collections (Miller, 2013; Moore, 2014; Patzke and Thiel, 2009; Rinaldo et al., 2011; Sutton, 2012). Schaffner et al. (2011) emphasize that user needs and improved access must drive all digitization efforts and add that “user requests must not be bogged down by fine-tuning images and metadata” (p. 6). In the context of archival collections, rapid imaging is seen as a solution not only to speed up the process of conversion and increase access but also to address the issue of backlogs in archival processing (Meissner and Greene, 2010; Miller, 2013; Moore, 2014).

The terms rapid capture and rapid imaging are often used interchangeably. The approaches to speeding up the conversion process and digitizing at scale, however, often go beyond the imaging phase. A number of minimalist strategies can also be applied to selection, metadata creation, and quality control to reduce the amount of time and resources devoted to each step. Those strategies focus on establishing an acceptable minimum level of work and applying it consistently across the entire project. Rapid digitization is used here as an umbrella terms that encompasses a range of techniques and strategies, including:
• Selecting en masse entire collections without “cherry-picking” individual items. Miller (2013) recommends digitizing archival collections in their entirety, without archival processing, at the point of accession. The focus on scanning an entire collection removes an element of selection that can slow down the digitization process.

• Adopting minimum technical standards during image capture and using the preset standards for resolution, color mode, and format for all items in the project. For example, access copies of archival textual documents can be created by scanning in the bitonal or grayscale mode (rather than color), at a lower resolution, and saved in the PDF or JPEG format, without creating archival TIFF files. This approach implies that preset technical specifications are applied to the entire project, which works well for collections with materials in uniform formats. However, it is problematic for collections with versatile formats where technical specifications need to be adjusted based on the size and physical characteristics of original items. Grouping items with similar characteristics and scanning them in bulk is an effective strategy for improving efficiency, while maintaining the quality of digitized items.

• Automating image capture process or parts of it. The use of rapid imaging equipment and techniques varies depending on the type and format of original materials. For example, loose-leaf or unbound, nonrare documents can be scanned efficiently using sheet-fed scanners (Moore, 2014). Scanning robots with a high-speed page flipping mechanism can be used to digitize books and other bound materials at extremely high volume, although they are not suitable for books with foldouts or loose pages (Rinaldo et al., 2011). Other semi-automated technologies include the use of conveyor belts to move items quickly through imaging systems. Fig. 3.11 demonstrates a rapid capture system with a conveyor belt that has been developed by Picturae, a company based in the Netherlands. The system with a conveyor has been used for digitizing at high speed the Herbarium sheets for the Naturalis Biodiversity Center in Leiden, Netherlands. The system is capable of digitizing more than 40,000 Herbarium sheets per day. The same system has been recently used at the Smithsonian Institution for digitizing a large numismatic collection from the National Museum of American History (Kutner, 2015). The collection of 250,000 historic bank notes became the Smithsonian’s first full production rapid capture digitization project (Kutner, 2015).

• Applying minimum metadata for item and collection-level description. The reduction in the amount of resources devoted to metadata creation is one of the hallmarks of mass approaches. Generally, no new descriptive metadata is generated in large-scale projects to avoid the resource-intensive research process that accompanies metadata creation on an item level. Only preexisting descriptive information is used for item-level metadata without additional subject headings or other access points (Moore, 2014; Sutton, 2012). For archival collections, metadata can be created on a folder or series level and supplemented by full-text searchability generated by OCR (Miller, 2013; Moore, 2014). In addition to the use of OCR technology, the proponents of the mass approach also see user-generated tags as a possible source of descriptive information (Miller, 2013; Sutton, 2012).

• Streamlining workflows and integrating digitization activities that can involve digitizing the same items in bulk or scanning bound volumes or a group of archival materials in a folder as single digital objects. Selecting items of the same size or in close range improves the efficiency of image capture process since the camera does not need to be refocused or recalibrated as frequently. Large-scale conversion of archival collections moves away from scanning individual items and creating item-level metadata to folder-level digitization and collective description (Miller, 2013). Streamlining also includes replicating and reusing the established standards and procedures.

[image: image]Figure 3.11 A Rapid Capture Digitization System with a Conveyor Belt Developed by Picturae © Picturae, Picturae’s Herbarium Digistreet at Naturalis Biodiversity Center, used with permission. https://picturae.com/uk/digitising/herbarium-sheets



The outlined strategies and techniques can be used selectively or in combination in order to facilitate faster production and large-scale digitization. Streamlining workflows is the strategy that can be used effectively in almost all projects. Erway (2011) acknowledges the difficulties of digitizing special collections at scale but also notes that “what makes a capture operation efficient is the ability to streamline workflows by setting up equipment and workflows for one set of characteristics and then capturing a mass of similar items, thereby limiting the adjustments done in between captures” (p. 17).

Rapid digitization strategies and technologies have been tested in pilot projects and in some cases integrated into regular digitization programs to increase productivity. The Smithsonian Institution has used rapid captures in a number of prototypes and in large-scale production (Crawford, n.d.; Kutner, 2015). Erway (2011) reviews a number of large-scale digitization projects in libraries, archives, and museums to see how ideas of rapid capture are being put into practice. The review focuses on equipment, throughput, and bottlenecks in the digital capture process and presents a variety of strategies and challenges due to the heterogeneous nature of special collections.

Moore (2014) reports on a case study of implementing a range of rapid capture strategies and workflows in digitizing a collection of papers at the University of Minnesota Archives. The collection of university papers and publication produced and distributed en masse, in standard document formats, and primarily with textual content made a very good candidate for routine digitization. The papers were digitized according to the preset minimum standards using a scanner with an automatic document feeder. Searchable text was generated through OCR, and only minimal descriptive metadata were added. The case of digitizing university papers at the University of Minnesota Archives demonstrates that rapid capture can be adopted successfully when materials are relatively homogenous in nature and are being digitized for access, primarily for their informational content rather than intrinsic value.

Rapid and minimalist strategies, however, can rarely be implemented in such a uniform and straightforward manner in the digitization of unique archival and special collection materials. Collections consisting of a variety of historic textual and visual resources typically require varying levels of detail in image capture and resource description. While searchable text can be generated through OCR for printed materials, manuscripts, images, and sound and video resources are difficult to discover without accompanying metadata. The minimalist approach to metadata is particularly debatable since putting large quantities of digitized materials online, without accurate description, does not guarantee that resources will be discovered, especially if users rely on keyword searching. More user studies of user information seeking and use behaviors in the context of large-scale digital projects are needed to examine if the mass approach does indeed serve user needs better. Some researchers recognize the challenges associated with the large-scale digitization initiatives, especially in digitizing unique materials, and emphasize the need to balance speed with quality and completeness (Rieger, 2010).

In practice, some projects assume a hybrid approach and attempt to balance minimalist strategies with preservation-quality, so called “boutique” digitization. Sutton (2012) presents a case study of digitizing correspondence, photographs, journals, and drawings of the John Muir Papers at the University of the Pacific Library. The project adopted rapid capture in digitizing correspondence but used high-resolution color scanning for photographs, drawings, and journals to provide greater detail and clarity. Minimum metadata were applied consistently to all digitized items, although transcripts have been created for correspondence. The author acknowledges that strictly minimalist metadata practices may be challenging for resource discovery and notes that the impact “needs to be fully assessed to ensure that this approach does not overly compromise the ability to meet user needs and expectations for discoverability in the online environment” (Sutton, 2012, p. 58).

Rapid capture techniques and strategies pose a number of challenges in regard to resource discovery and quality of digitized materials. Furthermore, the issues of digital preservation have not been discussed in the context of mass projects. A number of questions remain unanswered about the level of digital preservation for materials generated primarily for access and which quality may not be acceptable for long-term preservation. Rapid approaches, however, are an indication of a maturing digitization landscape and recognition that archival and special collections in a stable condition may require more diversified conversion standards and processes. The current practice allows for a differentiation between preservation-quality digitization, rapid capture focused on increasing access, and hybrid models with varying levels of imaging and metadata standards.

In addition to undertaking the conversion of archival and special collections on a mass scale, the digitization of audiovisual collections represents a current and challenging area of research and practice. The issues associated with the conversion of historical time-based collections are discussed in Chapter 4.
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Chapter 4

Digitization of audio and moving image collections
Abstract
This chapter examines the rationale and process of converting analog time-based media into the digital format. It begins with an overview of analog audio and moving image collections and discusses the preservation issues associated with deteriorating carriers and the obsolescence of playback equipment. The discussion focuses on digitization as a reformatting strategy for preserving analog audio, video, and motion picture film collections. Furthermore, this chapter includes a review of digitization equipment, technical factors, and formats relevant to audio and moving image conversion. It also provides a summary of current recommendations for converting analog audio and video into the digital format.
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Introduction to digitization of audiovisual resources
Audio and moving image resources encompass a wide range of time-based media, from recorded sound to motion picture film and a variety of video formats. The terms “audio and moving image” and “audiovisual” are used interchangeably here. The term “audiovisual” has gained acceptance “as a convenient single word covering both moving images and recorded sounds of all kinds” (Edmondson, 2004, p. 16). In contrast to textual and photographic materials, audio and moving image resources make up a relatively small portion of digital libraries at this point, but their number is gradually increasing as analog collections are digitized and as born digital content grows rapidly. The efforts to digitize audio, video, and motion picture film resources have lagged behind the conversion of text and photographs. Cultural perceptions and copyright restrictions play a significant role in this delay. There are also several major technical factors that have hindered digitization of audiovisual materials, including proliferation of analog media types, the complexity of the conversion process, storage requirements, multiple digital formats, and the lack of clear conversion standards for video. The recommendations for preservation formats and technical specifications for the conversion of moving images are still under development. Digitization of audiovisual collections, however, has gained attention in recent years because of the preservation crisis associated with deteriorating analog formats and the obsolescence of the playback equipment (CLIR and LC, 2006;  2010;  2012; Klijn and de Lusenet, 2008; Mariner, 2014; Schüller, 2008; Wright, 2012).

Audiovisual resources are inherently different from static documents and images because of their time-based nature and the need for playback machines to access their content. Audio and moving image materials convey information through patterns and signals that are perceived for a defined period of time. Just as archival document collections are measured in linear feet, audiovisual materials can be measured in terms of hours and minutes. Audiovisual recordings provide a representation of reality in space and time and thus afford new forms of external memory. Teruggi (2004) points out that the space-time unity, especially in the case of broadcast media, has transmitted an immediate sense of reality and created the essential record of our life, history, and culture. The author states, “conveying such immediacy also meant keeping a memory of and for society, building a historical record through both trivial and historic events that have accumulated overtime and so have created a huge repository of our collective memory” (Teruggi, 2004, p. 4).

Audiovisual heritage has an enduring value for cultural memory as it provides a vivid record of historic events and lived experiences. The National Film Preservation Act in the United States recognizes “motion pictures as an art form and a record of our times” (Library of Congress, 1994, para. 2). Audio and moving images also play an important role in recording knowledge, documenting human creativity, and bringing to light events and people that have been unacknowledged in the written record. In addition to commercially produced motion pictures, music, and broadcast programming, audiovisual collections also include oral histories, speeches, lectures, performances, storytelling, poetry readings, and a record of field research in linguistics, ethnography, and many other disciplines. Schüller (2008) emphasizes that “present day knowledge of the linguistic and cultural diversity is mainly based on audiovisual documents, in their greatest part accumulated over past 50 years” (p. 4). Oral histories offer a rare opportunity “to learn about history from those who actually experienced it, in their own words” (Stevens and Latham, 2009, p. 1). Moreover, oral history narratives serve a unique role in documenting local heritage and in giving voice to underrepresented groups (Bond, 2004; Swain, 2003).

The cultural and historical significance of audiovisual heritage may not yet be fully realized. As the authors of The State of Recorded Sound Preservation in the United States write, “significance is too often recognized and conferred only after the passage of years” (CLIR and LC, 2010, p. 8). The educational and research potential of audiovisual resources can only be explored if the recordings are made widely available for listening and viewing and are integrated with other resources in digital libraries.

However, the majority of audio, film, and video recordings remain on analog formats that are not only difficult to access but are also prone to damage and deterioration. Based on the data from the 2005–06 TAPE survey, Wright (2012) states that about 85% of sound and moving image content is still analog. A 2012 survey of audiovisual media in European institutions of higher education places this figure at 50%, which could be an indication of the growth of digital formats in recent years (Stauder, 2013). The same study, however, indicates that half of the participating institutions had incomplete information about their audiovisual collections. The estimates could shift once inventories are completed. The lack of inventories and item-level cataloging represents a significant barrier to access and use (Mohan, 2008). Most of the surveyed institutions have digitization programs, but the amount of converted audiovisual materials is still very low (Klijn and de Lusenet, 2008; Stauder, 2013; Wright, 2012). Klijn and de Lusenet (2008) report that many institutions are involved in digitization activities and would like to do more but are holding back because of uncertainties about conversion standards and longevity of digital materials.

Digitization of audio and video collections, however, has been gaining momentum in recent years primarily because of the looming preservation crisis. The studies of audiovisual collections in Europe and the United States convey a sense of urgency, indicating that if analog audiovisual materials are not reformatted in the next few decades, their content may be lost (CLIR and LC, 2006;  2010; Klijn and de Lusenet, 2008; Schüller, 2008; Wright, 2012). In the preface to the study on preservation of sound recordings in the United States, Smith and Brylawski write: “it is alarming to realize that nearly all recorded sound is in peril of disappearing or becoming inaccessible within a few generations” (CLIR and LC, 2006, p. v). Wright (2012) echoes this statement and adds that both sound and moving image are at great risk. It is now widely accepted that digitization presents a viable, if not the only option to preserve the content of audio and video collections.

This chapter provides an overview of audiovisual collections and discusses preservation issues associated with analog formats. The focus of this chapter is on the process of converting analog audiovisual media into the digital format. Audiovisual resources are defined as “works comprising reproducible images and/or sounds embodied in a carrier” (Edmondson, 2004, p. 26). Analog audio, motion picture film, and video share their time-based nature, dependence on physical carriers, and the need for playback equipment, but they are also distinct media that use different technologies in the process of recording, reproduction, and ultimately digitization. Because of the differences in audio and moving image digitization, this chapter devotes a separate section to each medium. The general digitization guidelines and the steps in the conversion process are discussed in Chapter 3. The fundamental principles of preservation-quality digitization with the notion of archival master files and derivatives also apply to audio and moving image conversion. This chapter builds upon those concepts and focuses specifically on technical factors, conversion recommendations, and formats for audio and video.

State of audio and moving image collections
Audio and moving image collections include a mix of analog and digital recordings. Analog materials still constitute the majority of archival holdings. The number of these materials, although large, is finite. The collections of analog resources can grow through donations of legacy materials, but all new audio and video materials are recorded with a digital signal. Although film is still being used in motion picture production, it is often processed with digital tools. The authors of The Digital Dilemma 2 note, “almost all motion pictures produced today—regardless of the capture medium—reach a point of digital existence when they pass through digital image processing tools during postproduction” (STC-AMPAS, 2012, p. 12).

Analog and digital refer to fundamentally different ways of capturing, recording, and representing audio and moving image signals. Mariner (2014) makes a distinction between analog and digital signals and points out that the terms refer to the mode of recording a signal rather than a physical medium:
• Analog signals represent continuous ranges transferred to a medium as waves or pulses.

• Digital signals represent discrete values transferred to a medium as binary values (Mariner, 2014, p. 9).

Analog materials have been recorded on a variety of physical carriers, including mechanical formats, magnetic tape, and film (Coffey and Walters, 2014; Walters et al., 2014). Digital recordings can be stored on physical carriers, such as optical discs or in file-based systems.

The combination of different carriers with analog or digital modes of recording complicates the classification of audiovisual materials. From a technical point of view, sound and moving images can be divided into three groups (Wright, 2012):
• Analog recordings on cylinders, vinyl records, magnetic audio tape, VHS, U-matic videotape, and film

• Digital recordings on dedicated physical carriers, such as audio CDs, minidiscs, video DVDs, digital audio tape (DAT), and DV tape

• Digital recordings that exist as files on digital storage (file-based systems)

For the first time in the history of audiovisual recording, file-based digital recordings are independent of physical carriers. Wright (2012) emphasizes: “carrier independence is liberation: discs, tapes and films deteriorate and get damaged” (p. 3). Analog recordings require digitization in order to be converted into usable digital formats. Digital recordings on physical carriers, though already digitally formatted, need to be extracted (“ripped”) and transferred into file-based systems.

The history of audio and moving image recordings is relatively brief, especially in contrast to the history of writing and printing, but is characterized by a rapid rate of technological obsolescence. The multitude of formats for sound and moving image is a result of continued innovation and the demand for durable, portable, and more effective carriers. A variety of mechanical carriers have been used for recording voice and music since the invention of the phonograph in 1877. Wax cylinders had been in use through the 1920s, at which time they were gradually replaced by flat discs. Vinyl records proved to be a durable carrier and were used in music recording for most of the 20th century, but they were eventually supplanted by digital recording on optical discs. Magnetic tape recordings with reel-to-reel and cassette tapes became popular in the second part of the 20th century (Behl, 2015; Schoenherr, 2005; Walters et al., 2014).

Motion pictures were developed in the early 1890s. Moving images were recorded primarily on film, with its own history of different film stock, from cellulose nitrate- and acetate-based to a more stable polyester film (Coffey and Walters, 2014; Gracy, 2013a; National Film Preservation Foundation, 2004). Video recording of moving images was introduced in the 1950s and became a mainstream technology in the 1970s and 1980s. Audio and moving image recording embraced digital technology quickly and by the end of the 20th century, analog formats had been replaced with digital recording on physical carriers. In addition to audio and video tapes and other analog formats, audiovisual collections now hold an assortment of CDs and DVDs, which in turn are becoming obsolete, superseded by file-based systems.

Systematic collection of audio and moving image recordings began several decades after their invention in the late 19th century. No major audiovisual archive was created before the 20th century (Wright, 2012). As Teruggi (2004) notes, “it took time before the new technological society became aware of the progressive and massive accumulation of material it was producing—and of its future importance” (Teruggi, 2004, p. 2). Currently, there are hundreds of nonprofit audiovisual archives in the United States and worldwide that collect audio, film, and video recordings from motion picture studios, independent artists, television and radio stations, as well as from scholars and private donors (STC-AMPAS, 2012). Large collections of moving image and recorded sound are held in national audiovisual archives, such as the British Film Institute, British Library Sound Archive, Cinémathèque Française, and the Audio-Visual Conservation Center at the Library of Congress. Substantial holdings of audiovisual materials are also stored in libraries, archives, and museums alongside textual and still-image collections. The TAPE survey of European audiovisual collections conducted in 2005–06 indicated that 65% of film and 40% of audio and video collections were relatively small (500 h) but still of significant value (Klijn and de Lusenet, 2008). The OCLC survey of special collections in the United States and Canada reported that 56% of participating institutions held audio collections and 51% held moving image materials (Dooley and Luce, 2010). In addition to the collections at cultural heritage institutions, audio and moving image materials are also held in corporate archives and private collections.

It is difficult to estimate the extent and the condition of audiovisual collections because of incomplete inventories and the lack of proper documentation. As the authors of The State of Recorded Sound Preservation in the United States state, “no comprehensive survey of recorded sound holdings in the United States, let alone the world, has ever been undertaken” (CLIR and LC, 2010, p. 10). The research conducted in Europe and in the United States in the last decade provides a glimpse at the vast and diverse holdings, located primarily within public institutions. The TAPE survey estimated European holdings as: 0.9 million hours of film, 9.4 million hours of audio, and 10.5 million hours of video, and the average increase per year expected to be 1–2% for film and audio and 6% for video (Klijn and de Lusenet, 2008). The 2005 study of the cultural heritage collections in the US public institutions estimated 46.4 million sound recordings and 40.2 million moving images (Heritage Preservation and IMLS, 2005a).

The estimates indicate an impressive amount of audiovisual content. However, only part of the holdings can be digitized and included in the open digital libraries due to copyright restrictions. Audiovisual materials, like any other works recorded in fixed form, are subject to copyright law and cannot be reproduced without the permission of the copyright owner. In the United States, published and unpublished works that are still under copyright protection can be digitized only in specific circumstances under the exemptions for libraries and archives of the US copyright law (Hirtle et al., 2009). Section 108 provisions of the Copyright Act allow libraries and archives to digitize published works in response to in-house user requests or if collection items are damaged, stolen, or recorded in an obsolete format. Digital copies cannot be used outside the library and archive premises. These exemptions do not support digitization for open access in digital libraries. Digitization is thus limited to unique materials that are either in the public domain or to which holding institutions have legal rights. The authors of the report The State of Recorded Sound Preservation in the United States state that “privileges extended by copyright law to libraries and archives to copy sound recordings are restrictive and anachronistic in the face of current technologies” (CLIR and LC, 2010, p. 7). The current copyright law represents a barrier to digitization in general but in the case of audiovisual collections is particularly restrictive, as it impedes conversion of materials that are in great need of preservation reformatting.

The condition of audiovisual collections cannot be fully assessed due to the scarcity of appraisal data (CLIR and LC, 2012; Klijn and de Lusenet, 2008). The existing surveys identify preservation needs and indicate a growing awareness of the preservation crisis in the audiovisual domain. The majority of institutions participating in the OCLC survey ranked the preservation needs of visual and audiovisual materials much higher than those of other materials (Dooley and Luce, 2010). The TAPE survey of European collections noted preservation risks in audio and video formats, including the presence of unstable nitrate and acetate film in many collections. The most striking finding of the TAPE survey was a large quantity of deteriorating audiocassettes in research collections (Klijn and de Lusenet, 2008). The report on the state of US cultural heritage collections emphasizes that “the condition of almost half the 86 million film reels, videos, DVDs, records, cassettes, CDs, and MP3s in public collections is unknown, leaving them in probable jeopardy” (Heritage Preservation and IMLS, 2005b, p. 5).

Audio and moving image collections at libraries and other cultural heritage institutions are comprised of unique or rare resources in archives and special collections as well as materials in general circulating collections, mostly commercially produced and available in multiple copies. A study of audiovisual media at the Indiana University Bloomington finds that 27% are unique and do not exist anywhere else, 17% are rare, and 56% are commercially issued and not considered rare (Casey et al., 2009). This study also indicates that unique audiovisual materials are at a greater preservation risk. The authors report that nearly all of the unique and rare audio recordings and half of the unique and rare video recordings need preservation attention (Casey et al., 2009). Digitization of unique and rare audio and video represents a top priority because of the risk of losing the content if original materials deteriorate beyond recovery.

Preservation crisis: obsolescence and deterioration
The preservation crisis in the audiovisual domain is related to two factors:
• Obsolescence of the reproduction equipment

• Deterioration of physical carriers

The obsolescence problem has been exacerbated in recent years by the rapid demise of technologies supporting audiovisual analog formats. Most playback devices for analog media are not produced anymore and are disappearing quickly. The lack of properly working reproduction equipment poses a serious threat to accessing content and to digital reformatting. Dedicated players are not only necessary to transmit and reproduce the content but are also essential in the analog-to-digital (A/D) conversion. In addition, many analog audio and video materials are recorded on unstable physical carriers that are subject to deterioration. It is the combination of these factors plus the inevitable pressure of time limitation that make the preservation crisis particularly alarming. Preservation of audiovisual content is a race against time. Schüller (2008) stresses, “the time window left to transfer contents from analog and single digital carriers to digital repositories successfully is estimated to be not more than 20 years” (p. 6).

The problem is unique to audio and moving image recordings. For the majority of paper-based textual and, to some extent, photographic materials, preservation is not a critical issue because they are recorded on stable and durable carriers or conservation efforts had been undertaken in the past (Conway, 2010). As discussed in the previous chapter, digitization as a preservation strategy is recommended as a selective approach for early photographs recorded on glass negatives or unstable cellulose nitrate- or acetate-based film. For paper-based materials, the debate “why digitize” is focused on the benefits of extended access and new functionality afforded by the digital form. For audiovisual materials, however, there is no survival without digital reformatting. As the authors of The State of Recorded Sound Preservation in the United States emphasize, “the discussion no longer begins with the question, Why preserve?, but with the rhetorical one, How can we not?” (CLIR and LC, 2010; p. 8).

The preservation risks associated with the obsolescence of equipment and the deterioration of physical carriers affect access to content and/or quality of reproduced signals. Casey et al. (2009) list the ways audiovisual content can be lost or degraded due to the deterioration of carriers:
• A catastrophic failure where no content is recoverable

• Partial failure where part of content is recoverable

• Diminishment where the recovered content is of lesser quality (Casey et al., 2009, p. 33)

The authors also note the catastrophic impact of the obsolescence of equipment. The lack or scarcity of properly functioning playback machines or their prohibitive cost, as well as unavailability of spare parts, repair expertise, or playback expertise can result in:
• Inability to optimally reproduce, or reproduce at all, a recording

• Inability to preserve collections (Casey et al., 2009, p. 33)

The unavailable or antiquated equipment and obsolescent formats represent the most serious threats to preservation and digitization (Schüller, 2008). The number of obsolete formats is staggering. A study of audiovisual collections at the Indiana University Bloomington found 51 different analog and physical digital (nonfile) formats (Casey et al., 2009). As Mariner (2014) points out, audiovisual information is trapped on functionally obsolete formats. Even if the content is recorded on stable carriers, it is effectively inaccessible because of the lack or limited availability of specialized equipment that can reproduce or read the formats. The risks transfer into the digital realm and affect not only the ability to digitize audiovisual materials but also the quality of digitized copies.

The preservation risks associated with deteriorating physical carriers are not uniform and vary for audio, video, and film, and their different formats. All physical resources decay with time, but the rate of deterioration depends on the type of material and the environmental conditions in which they are stored. Interestingly, the older sound resources recorded on mechanical formats, such as cylinders or discs, are more stable than the more recent audio and video recordings on magnetic tape (Walters et al., 2014). Cylinders and discs are fragile and susceptible to damage and accidental breakage. Access to high-level professional playback equipment, however, is more problematic than the instability of mechanical formats.

Magnetic tape used in the recording of audio and video represents the most serious preservation risk. Like other physical carriers, tape is susceptible to mechanical damage and deformation. However, the greatest risk is related to the degradation of the tape layers, the base and binder (Walters et al., 2014). The most serious and frequent problem is related to a chemical breakdown of the binder, which causes the tape to become sticky and shed material during playback. Poor environmental conditions, including high levels of temperatures and humidity, accelerate the degradation process. The problem is severe because audio and video recordings on magnetic tape represent the largest segment of audiovisual collections held in cultural heritage institutions. The survey of moving image collections in the United States found that 78.5% of participating institutions held video on VHS tapes (Mohan, 2008). Magnetic tape was used in a variety of audio recordings, including open-reel tapes, compact cassettes, and mini cassettes as well as in recording of moving images on video using a variety of tape formats, such as VHS, U-matic, or Betacom (Behl, 2015; Coffey and Walters, 2014). Fig. 4.1 demonstrates an example of a degraded videotape. As noted by Walters et al. (2014), the preservation of these legacy media poses formidable challenges, not only because of physical deterioration of the carriers but also in light of the obsolescence and scarcity of the hardware required to access the content.

[image: image]Figure 4.1 Degraded Video on Magnetic Tape



Film used in motion picture recording is the most stable carrier. Film is an analog optical format that comes in different sizes, with 35 mm, 16 mm, and 8 mm being the most common. As Coffey and Walters (2014) emphasize, “film is an excellent archival medium and will, if stored correctly, last for over a hundred years” (p. 255). The film stock of the early motion picture recordings, however, is not as stable as the polyester film introduced in the second part of the 20th century. The cellulose nitrate film had been used for over 50 years since the invention of moving images. Nitrate film is not only chemically unstable but also an extremely hazardous, flammable material (Heckman, 2010; National Film Preservation Foundation, 2004; Slide, 1992). Prior to the early 1950s, most 35 mm film stock had a cellulose nitrate base. Acetate film was introduced as an alternative to nitrate to address the safety risks, mostly in 8 mm and 16 mm gauges used in amateur and home productions, but proved to be prone to decay as well. Both nitrate- and acetate-based film inevitably decompose with age, leading to a significant loss of data. Fig. 4.2 demonstrates an example of decomposed nitrate film and Fig. 4.3 shows deteriorated acetate film.

[image: image]Figure 4.2 Decomposed Nitrate Film (National Film Preservation Foundation, 2004)



[image: image]Figure 4.3 Deteriorated Acetate Film Courtesy of the NEH Grant Project: Saving and Sharing the AGS Library’s Historic Film Collections. University of Wisconsin-Milwaukee Libraries.



The production of acetate film ceased in 1948, and nitrate film was discontinued in 1951 (Coffey and Walters, 2014). Safety and preservation challenges have remained in the forefront for film collections in library and archive settings. The TAPE study demonstrates that many institutions still have significant holdings of nitrate- and acetate-based film (Klijn and de Lusenet, 2008). Although major preservation efforts have been undertaken to move nitrate film into cold storage, there are still collections of nitrate film that are not stored properly. Librarians and archivists often discover a stock of decaying film when they undertake digitization projects. A librarian describes a “nitrate surprise” while selecting items for digitization: “after opening a few more of the metal canisters, examining 35 mm film in varying states of decay and consulting the Film Preservation Guide (NFPF), I realized that these films were nitrate film, and those turning into brown dust were in the final stages of decay” (Tucker, 2013, p. 344).

To a large extent, the introduction of a stable polyester film in the 1950s helped address the preservation concerns related to moving images. Duplication of old, deteriorating film onto new, more stable and long-lasting film stock has been recommended as a preservation strategy (National Film Preservation Foundation, 2004; Slide, 1992). However, the analog approach of film-to-film preservation has come under a serious threat recently because of the “demise of celluloid” (Frick, 2014; p. 20). Eastman Kodak, the major company that produces preservation film, filed for bankruptcy in 2012. Although film is still being produced, its future is uncertain, especially because moving image production is now being done in the digital format. In response to this uncertain situation, some cultural heritage institutions are considering film digitization as a means of providing access as well as preservation (Gaustad, 2012; Morehart, 2014). The use of digital technology for preserving motion picture film, however, is new and still very controversial (FADGI, 2015). The Academy of Motion Picture Arts and Sciences maintains that there is no replacement for film as an archival medium, stating: “an archival system for digital materials that meets or exceeds the performance characteristics of traditional film archives does not yet exist” (STC-AMPAS, 2012, p. 70).

The combination of the two factors—obsolescence of the equipment and deterioration of carriers—can place some formats at a higher preservation risk than others. Although mechanical sound formats like cylinders are stable, they are often placed on the list of endangered formats because of their rarity and the lack of playback equipment (Casey et al., 2009). Likewise, film is a stable carrier, but the scarcity of projectors can put access to motion pictures in jeopardy. Coffey and Walters (2014) note that “although film projection equipment is still produced, it is, like film, an endangered species” (p. 273). Audio and video recordings on magnetic tape are assessed as high-risk preservation formats because of the degradation of tape as well as the depleting supply of audio and video players.

The goal of preservation is to protect cultural resources of long-term value, prevent further deterioration, and ensure access and usability for present and future generations (Conway, 1989,  2010). In the case of audiovisual resources, it may not be possible to prevent the deterioration of many media. Before their content is lost irretrievably, however, it can be transferred onto new technology and made available for access and use. Access and preservation goals for audiovisual collections are tightly connected. Digitization is widely accepted as an approach to providing access and ensuring long-term preservation of audiovisual materials. Wright (2012) emphasizes that “audio and video need digitization for their survival, owing to obsolescence and decay of physical items, whether analog or digital. Film on shelves can be conserved (unless it is already deteriorating) but needs digitization for access” (p. 23). The preservation concerns make digitization of audiovisual collections a more urgent and demanding undertaking than the conversion of static media. Unlike paper-based materials, many audio and video physical recordings may not be accessible in the future. Therefore, it is extremely important to create high-quality digital preservation copies since they will serve as the only representations of the original content. The following sections provide an overview of the digitization of audio and moving image, including technical factors, processes, and recommended formats and specifications.

Audio digitization
“Digitize! This has to be one of the most satisfying tasks I’ve taken on here at the museum. […] So, one by one, I’m digitizing these old cassettes. The tape deck in the picture (Fig. 4.4) is equipped with a USB connection. A cable connects the deck to the computer, which records the sound coming out of the tape deck using a simple, free program called Audacity” (Sunshine Coast Museum & Archives blog, 2010).

[image: image]Figure 4.4 Low-Cost Audio Digitization Equipment (Sunshine Coast Museum & Archives blog, 2010)



The quote from the blog of the Sunshine Coast Museum & Archives in Gibsons, British Columbia, and the accompanying image in Fig. 4.4 demonstrate that audio digitization can be undertaken in-house by a dedicated staff at relatively low cost, even at a small institution. The focus of many audio conversion projects is on oral histories and other unique recordings on cassette tapes because of the one-of-a-kind nature of these materials and the preservation risks associated with deteriorating tapes (Graves, 2014; Weig et al., 2007). The staff working on an oral history digitization project at Duke University Library reports: “unfortunately, the compact cassette format hasn’t aged particularly well. Due to cheap materials, poor storage conditions, and normal mechanical wear and tear, many of these tapes are already borderline unplayable a short 40 years after their first introduction” (Graves, 2014, para. 2). A survey of twenty-one archives with audiovisual holdings indicates that oral history interviews represent the most frequently digitized audio content in both access and preservation categories (STC-AMPAS, 2012).

Digitization is universally recommended as a reformatting strategy for preserving analog sound recordings (Chase, 2015; CLIR and LC, 2012; IASA, 2009; Wright, 2012). Audio digitization is well established and more advanced than the conversion of moving images. The comprehensive guidelines to reformatting, metadata, and archival storage systems for audio have been published by the International Association of Sound and Audiovisual Archives (IASA, 2009) and the Association for Recorded Sound Collections (Brylawski et al., 2015). The IASA publication addresses analog-to-digital conversion for the purposes of preservation, the transfer of digital recordings on physical carriers to storage systems, as well as the recording of original material in digital form intended for long-term archival storage. ARSC Guide to Audio Preservation provides an overview of audio conservation and preservation, including recorded sound formats and their preservation risks as well as guidelines for preservation reformatting and archival storage (Brylawski et al., 2015). In addition, several guides to best practices in audio digitization and preservation have been shared by the members of the cultural heritage community (CARLI, 2013a; Casey and Gordon, 2007; CDP, 2006).

The most recent digitization recommendations issued by the division of the American Library Association also cover time-based media and include a brief section on audio (ALCTS, 2013). The growing body of case studies and reports of pilot projects, primarily in digitization of oral histories, provides an account of methodologies, workflows, technical solutions, and cost estimates (Daniels, 2009; Durio and Grabowski, 2011; Stevens and Latham, 2009; Weig et al., 2007). Several major studies investigated the state of sound recordings (CLIR and LC, 2006;  2010; Smith et al., 2004). In the United States, the Library of Congress has launched the National Recording Preservation Plan, making audio preservation a national priority and providing a set of recommendations for implementing preservation strategies (CLIR and LC, 2012). Although some progress has been made in audio digitization, the task of reformatting audiovisual heritage is still extremely challenging for several reasons, including the sheer volume of holdings, the large number of different formats, obsolescence of playback equipment, and the range of technical factors that need to be considered in the digitization process.

Technical factors
Sound is fleeting in nature. It needs to be recorded in order to be reproduced and stored in a permanent form. The invention of recording technology allowed for the capturing of the human voice, music, and sounds of the natural world and changed the relationship of sound with its temporal and ephemeral nature. Katz (2012) writes about the “magic” of recording music: “live music exists only in the moment: recordings, however, capture those fleeting sounds and preserve them on physical media. With recording technology, music could be disseminated, manipulated, and consumed in ways that had never before been possible. When recorded, music comes unmoored from its temporal origins” (p. 11).

For over a century, analog recordings had captured continuous patterns of sound. In the process of analog recording, sound waves are converted into fluctuating electric voltage, and their representation is impressed or written on a physical carrier, such as discs or tape. Digital technology has provided a new way of representing and storing sound signals as a series of binary digits (JISC Digital Media, 2014a). A digital recording can be written into a physical carrier or stored in a file-based system.

Physically, sound is a continuous pattern of pressure waves that move through the air. We perceive, or “hear” sound when the waves strike the eardrum and nerves send a signal to the brain. A sound wave can be represented graphically as a waveform with high and low pressure points. The changes of amplitude and frequency represent two principle characteristics of sound (JISC Digital Media, 2014a). Amplitude refers to a change in pressure from the peak of the waveform to the trough and is directly related to the intensity (loudness) of a sound. The frequency of the waves determines the pitch of the sound. Lower frequencies contain fewer waves in a specific amount of time while higher frequencies include more waves in the same period of time (CARLI, 2013a). Frequency is measured in cycles per second, or Hertz (Hz), often expressed in kilo Hertz (kHz).

Digitization of analog audio materials involves converting an analog sound wave into a binary stream of 1s and 0s and recording the numbers (the binary form) instead of the wave form. The analog-to-digital conversion is conducted through the process of sampling of the analog wave. During the conversion process, an analog recording is played back and processed through an analog-to-digital converter, which samples the variations of the electric current at very fast intervals. The amplitude of the original sound wave is sampled and recorded as a number at each sampling point. A continuous line of acoustic sound needs to be represented numerically in a digital system. A high number of sampling points is needed to capture the continuous line of an analog wave and to create its accurate digital representation (CARLI, 2013a). Two technical factors are critical to the quality of digitized sound: sampling rate and bit depth.

Sampling rate refers to the number of samples of a wave that are taken per second to represent sound in a digital form. The quality of the digital representation increases with the number of samples of the analog signal. The sampling rate is represented in kilohertz (kHz), thousands of samples per second. The standard sampling rate for a consumer music CD is 44.1 kHz. The recommended sampling rate for preservation-quality digitization is 96 kHz.

Bit depth describes the range of numbers used to record each measurement. In other words, bit depth refers to the number of points captured per sample. The more points captured along each wave, the higher the bit depth and the greater chance of capturing subtle changes in the sound. 16 bit, which is also a standard for commercial audio CDs, represents a minimum, while 24 bit is recommended for creating digital masters for audio preservation.

Audio digitization process
The process of converting analog sound recordings into a digital format and creating sustainable digital assets consists of multiple phases, including planning and selection, digital capture, processing, metadata creation, ingesting into a digital library management system, and digital preservation. Similar to the digitization of other materials, whether static or time based, the actual conversion is one of the many steps in the cycle of preservation reformatting. The general digitization steps and principles described in Chapter 3 apply to the conversion of sound recordings. Audio digitization also makes a distinction between master files and derivatives. Master files created as a direct result of audio capture serve as preservation copies and a source of smaller derivatives for online access. Audio obviously requires different conversion equipment than static media and raises unique challenges related to its time-based nature and preservation concerns.

Each digitization project comes with its own set of unique requirements and demands individualized planning with regard to technological requirements, selection and restoration of source items, staffing, cost, and archival storage (Mariner, 2014). Time is an important factor that needs to be taken into consideration during the planning phase. Unlike a relatively fast scanning of documents, digitization of time-based media involves playing an analog recording in real time. A 60-min cassette tape actually requires 60 min to convert to a digitized copy. The condition of the analog source items needs to be assessed during the selection process to identify the best copy and/or to address the conservation needs of degraded or damaged materials. The preparation of materials for reformatting requires restorative procedures, and depending on the level of degradation, may include cleaning, flattening discs, straightening twisted tapes, or rehousing them into new shells (Graves, 2014; IASA, 2009).

Digital capture represents the most critical part of the conversion process. As IASA guidelines emphasize, “optimal signal extraction from original carriers is the indispensable starting point of each digitization process” (IASA, 2009, Section 1.4). During the capture or, using IASA terminology, extraction process, an analog source recording is played using an appropriate playback device, such as a tape or record player. An analog sound wave is sampled through an analog-to-digital converter and the digital signal is recorded, processed in audio editing software, and stored, preferably in a file-based repository system. The files created as a result of the extraction process should represent high-quality masters and should be saved uncompressed in the standard preservation format. Audio digitization guidelines recommend creating high-quality master files for preservation purposes and derivatives for access (CARLI, 2013a; IASA, 2009). The IASA guidelines cite two major reasons for digitization at the highest quality possible: “firstly, the original carrier may deteriorate, and future replay may not achieve the same quality, or may in fact become impossible, and secondly, signal extraction is such a time-consuming effort that financial considerations call for an optimization at the first attempt” (IASA, 2009, Section 5.1.1). The converted files usually require some processing in order to adjust audio quality and remove signal distortion. The enhancements are limited by the quality of original sound recording. As Weig et al. (2007) note, “regrettably, little can be done to correct analog recordings that are, for whatever reason, marred by distortion from the beginning” (p. 5).

Weig et al. (2007) describe the workflow of the audio conversion project conducted by the Louie B. Nunn Center for Oral History and University of Kentucky Libraries. The selection of oral history interviews on audiotapes and preparation of tapes were followed by analog-to-digital conversion and master file generation, quality enhancement, and the production of derivative files in the mp3 format. Master files and edited service files were archived, while derivatives with associated metadata and transcripts were uploaded to the server for online access. Metadata creation occurred at several points in the workflow.

Detailed metadata is essential for resource discovery, access, and retrieval in digital collections but is especially important in the case of sound recordings because audio content can’t be browsed visually or searched by keyword. Metadata records provide the only access points to the rich content of sound recordings. Access to oral history narratives and other voice recordings can be enhanced by adding transcripts. This approach, although time-consuming if transcripts have to be generated as part of a digitization project, provides an option of presenting a textual version of the recording alongside the playable audio. Transcripts can provide full-text searchability and often include time stamps to enable the user to select parts of a recording or to follow it alongside the text. As described by Weig et al. (2007), transcript and metadata creation represented an independent step in the digitization of oral histories at the Louie B. Nunn Center for Oral History, but metadata was also recorded at other steps in the conversion cycle. Fig. 4.5 demonstrates an example of a transcript presented along with an oral history recording from the Robert Penn Warren Civil Rights Oral History Project created at the Louie B. Nunn Center for Oral History. The excerpt comes from an interview with Martin Luther King, Jr conducted by Robert Penn Warren on Mar. 18, 1964. The interview is available at http://nyx.uky.edu/oh/render.php?cachefile=02OH108RPWCR03_King.xml.

[image: image]Figure 4.5 Oral History Recording with a Transcript Robert Penn Warren Civil Rights Oral History Project.



Access files with associated metadata are ingested into a digital library management system (DLMS) for online presentation. Online delivery of audio recordings also requires a streaming service. Many open source and proprietary DLMS, including Omeka, Collective Access, and CONTENTdm, include audio players and support standard access formats, such as mp3. Ingesting digitized audio files with associated metadata into a standard-compatible DLMS ensures interoperability and allows for integrating sound recordings with other digitized objects in digital library systems. Hosting options are available to cultural heritage institutions with limited digital library infrastructure and/or no access to streaming servers. Internet Archive provides a free platform to educational institutions and individuals and offers support for hosting and preserving audio and video files (Internet Archive, 2015). Audio and video objects represent a significant portion of the Internet Archives’ collections. The Avalon Media System is a new, open source system for managing and providing access to large collections of digital audio and video. It was developed by Indiana University Bloomington and Northwestern University with support from the National Leadership Grant from the Institute of Museum and Library Services. The Avalon Media System is freely available to libraries and archives and provides online access to their audiovisual collections for teaching, learning and research, and preservation and long-term archiving (Avalon Media System, 2015).

Digital preservation involves depositing master files into a trusted institutional or shared repository, the ongoing management of deposited audio files, and long-term preservation planning. As emphasized in the IASA guidelines, “preservation planning is the process of knowing the technical issues in the repository, identifying the future preservation direction (pathways), and determining when a preservation action, such as format migration, will need to be made” (IASA, 2009, Section 6.4.1.3). Archival storage of audio master files is a major concern because of the large size of individual files. For example, 1 h of audio digitized at 96 kHz and 24 bit with 2 channels produces a file of 1.93 GB (CDP, 2006). Digital repositories have to not only provide sufficient storage space for audio digitization but also supply capabilities for efficient transfer, management, and long-term preservation. Digital preservation is discussed in more detail in Chapter 9.

Equipment
The basic audio conversion process requires four pieces of equipment:
• An analog audio playback machine

• An analog-to-digital converter (ADC)

• A computer with audio processing software

• Digital repository to store and preserve master files

In addition to these basic components, an analog-to-digital audio workstation can also include other equipment, such as a mixing board used to adjust and enhance the audio signal. Fig. 4.6 provides an example of an audio deck used in digitization at Duke University Libraries.

[image: image]Figure 4.6 Audio Input Deck Image courtesy of the Digital Production Center, Duke University Libraries.



The equipment used in audio conversion has a rather unique mix of antiquated playback devices, high-end computers, and analog-to-digital converters. This mix of old and new technology is characteristic of digitization of time-based media, as noticed by Mariner (2014): “while digital imaging relies on the latest hardware to faithfully reproduce digital copies of antique books and maps, much of the equipment used in the capture of audiovisual resources is decidedly antique itself and far more difficult to acquire” (p. 65). As discussed previously in this chapter, the obsolescence of playback devices represents one of the major challenges in converting and preserving time-based media. Each unique format requires a dedicated player, which in practice means that digitization labs have to acquire gramophone players for records, reel-to-reel players for recordings on open reel, and cassette tape players for audio cassettes.

A/D converters represent the most critical technological component in the conversion process. This piece of equipment is responsible for converting analog sound waves into a binary form. It should meet the required specifications for preservation reformatting and not alter the signal or add any noise. An A/D converter can be incorporated into a computer’s sound card and is also available as a standalone device. IASA (2009) recommends using standalone A/D converters and provides guidelines for their selection (Section 2.4.3). Standalone A/D converters provide a bridge between the playback devices and the computer station, and can be connected through a firewire or USB serial interface. Audio processing software is necessary to encode the converted signal and save master files in the target format. There is a wide range of audio processing software available, from the high-end Sony Sound Forge to the open source Audacity.

Recommendations for audio digitization
The audiovisual engineering and digitization communities have made significant progress in establishing consistent standards for audio reformatting. In practice, some institutions may select lower-than-optimal specifications because of the type of source material or because of concerns about processing time and archival storage demands. The adherence to standards is particularly important in light of the history of audiovisual recording, with its multiple formats and the challenges associated with transferring content onto new technologies. The established audio standards offer a level of uniformity and consistency that should alleviate some of the past risks and ensure future migrations. As IASA guidelines emphasize, “it is integral to the preservation of audio that the formats, resolutions, carrier and technology systems selected adhere to internationally agreed standards appropriate to the intended archival purposes. Non-standard formats, resolutions, and versions may not in the future be included in the preservation pathways that will enable long-term access and future format migration” (IASA, 2009, Section 2.1).

Sampling rate and bit depth represent two critical factors in determining the fidelity of digitally reformatted audio. IASA recommends a minimum sampling rate of 48 kHz for any material when producing digital copies of analog resources. For preservation quality audio digitization, 96 kHz and 24 bit are recommended as optimal specifications for master files (ALCTS, 2013; CARLI, 2013a; Chase, 2015; IASA, 2009). WAV format is recommended for encoding master files because of its wide acceptance and use in professional audio environments. Table 4.1 provides a summary of recommendations for capturing and encoding audio master files produced as a result of analog-to-digital conversion. Born digital audio should be migrated natively whenever possible (ALCTS, 2013).

Table 4.1

Digitization Recommendations for Audio Master Files




	Recommendation Level
	File Format
	Sample Rate
	Bit Depth
	Compression





	Optimal
	WAV/BWF
	96
	24
	Uncompressed



	Accepted
	WAV/BWF
	48
	24
	Uncompressed
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Some guidelines take into consideration the type of sound recordings and list a range of audio digitization recommendations (CARLI, 2013a; CDP, 2006):
• Minimum level at 44.1 kHz and 16-bit depth

• Recommended or special considerations at 48 kHz and 24-bit depth

• Optimal at 96 kHz and 24-bit depth

The guidelines prepared by the Consortium of Academic and Research Libraries in Illinois (CARLI, 2013a) note that 48 kHz and 24-bit depth are often used in the conversion of voice recordings, while the higher specifications are necessary for digitization of music and sounds from nature. The minimum recommendations at 44.1 kHz and 16-bit depth are similar to the specifications used in recording of commercial audio CDs, which are based on human ability to perceive sound. Humans “hear” sound in the range of 20–22.5 kHz and 15–17 bits per sample (CDP, 2006; Weig et al., 2007). The sampling rate of 44.1 kHz is in keeping with the Shannon-Nyquist theorem, according to which the sampling rate must be at least twice the highest analog frequency in the signal (JISC Digital Media, 2014a).

The sampling rate of 96 kHz versus 48 kHz has been a subject of ongoing debate in the digitization community (CARLI, 2013a; Casey and Gordon, 2007; CDP, 2006; Weig et al., 2007). The optimal recommendations for audio digitization in cultural heritage institutions are actually higher than those of commercial audio CDs. Some experts argue that a combination of 44.1 kHz and 16 bit used in audio CDs is considered inadequate for audio preservation of analog recordings (Casey and Gordon, 2007). Weig et al. (2007) agree that a higher sampling rate can capture subtle tones but also state that “for spoken word recordings there is little evidence to suggest such aural subtleties are relevant or warrant the significant file size increase that higher settings for their capture would incur” (p. 3). The CARLI guidelines provide a range of recommendations but also support the view that digital audio at cultural heritage institutions, especially if created for preservation purposes, should use a higher sample rate and file bit depth (CARLI, 2013a). The authors of the CARLI guide argue that there are several reasons for creating richer digital master files of archival audio materials, including:
• The accurate capture of noise like clicks, pops, and other inaudible information that resides in frequencies higher than 44.1 kHz.

• Desire to communicate inaudible harmonic information that impact perception of sound.

• Ability to record and provide content that, although not necessarily heard, helps listeners understand and hear better space, depth, and instrument location in stereo and surround sound recordings.

• The need to accommodate future user applications (CARLI, 2013a, p. 1).

The most recent guidelines issued by the division of the American Library Association acknowledge the arguments for digitizing some types of audio sources at lower quality (ALCTS, 2013). However, the ALCTS guidelines recommend 96 kHz and 24-bit depth for consistency and standardization.

Formats for master files and derivatives represent a less contentious issue. WAV, and more recently BWF, are recognized as preservation formats, while MP3 serves as a format for access files. Other formats, such as AIFF (Audio Interchange File Format) have been used in practice for archival storage as well. Master files in the WAV or BWF format should be saved uncompressed. Derivative files are saved in compressed formats for quicker transfer and streaming over the Internet. Audio processing software, such as Sony Sound Forge, Adobe Audition, or Audacity, can be used to create derivative files for access.
• WAVE (Windows Audio File Format), or commonly referred as WAV, is uniformly recommended as a preservation format for audio files (IASA, 2009; Library of Congress, 2013). WAV was developed as a proprietary format by Microsoft and IBM and has been in use since the early 1990s. A variety of applications support WAV, and the format is compatible with Windows, Macintosh, and Linux operating systems. WAV is a PCM (Pulse Code Modulation)-type format that is widely used and accepted. IASA (2009) recommends WAV as a preservation format because of its simplicity and ubiquity. WAV files can be saved as either compressed or uncompressed. No compression is recommended for preservation master files. The file extension is .wav.

• BWF .wav (Broadcast WAVE) is an extension of WAV format supported by recent audio technology. The advantage of using BWF for preservation purposes is that metadata can be incorporated into the file header. BWF is increasingly recommended as a preservation target format (Chase, 2015; IASA, 2009; Wright, 2012). The WAVE file with embedded metadata (Broadcast WAVE) is listed as a preferred format in the recent publication by the Library of Congress (2015).

• MP3 is a recognized format for audio derivatives. It is a highly compressed file that can be transferred over networks, streamed, and downloaded by users. MP3 is a widely accepted format for the distribution of digitized as well as born digital audio. Mariner (2014) comments on its widespread use: “MP3 is easily the most successful digital audio format in history. In the mid-1990s, MP3 became the de facto delivery vehicle for digital music and, for the most part, is still an accepted and usable format in almost all portable digital music players” (p. 31). Different compression algorithms are applied to reduce the file size. The amount of applied compression is expressed as bit rate, which measures the amount of information that is stored per second (JISC Digital Media, 2014a). The recommended bit rate for most audio access files in the MP3 format is 192 Kbps (CARLI, 2013a).

MP3 is currently the most widely adopted derivative format for digital audio. In addition to MP3, other access formats have been used in digital collections. Real Audio (.ra or .ram) was used in the first generation of audio digital collections. The Library of Congress provides a summary of the access formats and players used for audio recordings in the American Memory project (Library of Congress, n.d.).

Moving image digitization

The Norman Rockwell Museum has been awarded archival support through a generous grant from the National Endowment for the Humanities (NEH). The $85,000 grant will be used to reformat and process the Museum’s collection of magnetic videotapes, which contain hundreds of hours of important oral history and documentation related to Norman Rockwell and the art of illustration. The reformatting of the tapes will be handled by George Blood Safe Sound Archive in Philadelphia, Pennsylvania, with plans to make select films freely accessible to the public through the Museum’s web site. Most of these tapes have not been viewed by the public before (Norman Rockwell Museum, 2011).



This section begins with an excerpt from a blog posted by the staff at the Norman Rockwell Museum to demonstrate that cultural heritage institutions increasingly undertake digitization of moving image collections but often decide to outsource the conversion process to specialized vendors.

Analog moving image collections include motion picture film and video recordings. Film and video recordings are two distinct types of moving image, due to different technologies used for capturing moving image in the analog world. Motion picture film and video recordings are the most complex analog resources and their transfer to the digital format requires not only access to legacy playback devices and high-end conversion equipment but also a considerable amount of technical expertise.

In-house conversion of moving image collections has been conducted by audiovisual archives and national or large academic libraries (Gaustad, 2012; Peck, 2011). A few libraries, like the New York Public Library or Stanford University Libraries, have well-equipped moving image preservation labs capable of converting motion picture film and video formats. Some institutions undertake pilot projects to test their ability to digitize in-house and to establish internal procedures for meeting user requests (Gracy, 2013b; O’English and Bond, 2011).

However, when faced with the question of what to do with “a small archive of aging motion picture films without access to expensive digitization equipment or staff with specialized expertise,” many small cultural heritage institutions often turn to digitization vendors (Tucker, 2013, p. 343). Even if the digitization process is outsourced, it is useful for library and archives staff to be familiar with the concepts and technical specifications of moving image digitization in order to be able to select a qualified transfer vendor and ensure that the conversion process is performed according to the recommendations established in the cultural heritage community. Digitizing Video for Long-term Preservation offers step-by-step guidelines and a template for preparing a Request for Proposal (RFP) to be submitted to digitization vendors (De Stefano et al., 2013). The recent Federal Agencies Digitization Guidelines Initiative (FADGI) report, Digitizing Motion Picture Film, includes a model statement of work for the outsourced conversion of film to video (FADGI, 2015).

In the domain of moving images, the extent of digitization activities has been limited so far, especially in comparison to the conversion of static media and audio. Despite the options of outsourcing the conversion process or conducting the transfer in-house, the percentage of digitized moving image collections is still very low. Video and motion picture film tend to be the last resources selected for digital conversion, even if institutions are committed to comprehensive digitization (Gaustad, 2012). In a study conducted with archivists and librarians working with moving image collections, Gracy (2012,  2013b) found that few of the participating institutions had digitized more than 5% of their motion picture or video collections. The participants reported that the digitization projects tended to be exploratory or aimed at creating low-resolution access copies for immediate distribution. The author notes that “few archives currently can afford to digitize moving images to a standard that may be considered preservation quality” (Gracy, 2012, p. 423). These findings are particularly disconcerting in light of the preservation issues associated with analog video formats.

The conversion of moving image collections has been marked by a slow progress, primarily due to a combination of technical challenges. Large file sizes demanding massive amounts of storage space and the lack of universally recognized preservation formats represent the major technical impediments. Gracy (2012,  2013b) identifies a number of additional barriers to digitization of archival moving image collections, including:
• Lack of financial resources

• Lack of staff with expertise in moving image conversion

• Lack of appropriate equipment

• Concern over the lack of standards and best practices for moving image digitization

• Copyright restrictions

The authors of the CARLI guidelines for moving images echo these concerns by stating, “libraries seeking to preserve and provide access to moving image content such as films, video recordings, and television broadcasts in digital format face a number of daunting obstacles. Digital video formats and specifications abound, server space to store the massive amounts of data generated must be allotted, and mature, clearly established best practices for creating preservation-worthy digital objects have yet to fully evolve” (CARLI, 2013b, p. 3). Undertaking the digitization of moving images, especially for preservation purposes, requires a major investment in digital archiving infrastructure and a commitment to ongoing digital preservation. Cultural heritage institutions are cautious about devoting their resources to the conversion of moving image collections in the environment where there is still confusion about specifications and no real consensus on preservation formats. Blood (2011) also notes that there is considerable variation in the types of video files produced by moving image archives.

Digital conversion of moving images has followed a different path than audio, although as Schüller (2009) states, “with regards to their long-term preservation, audio and video recordings are twins” (p. 5). Audio digitization is well established, with WAV/BFW recognized as a common preservation format. The IASA (2009) guidelines have helped to standardize and advance the digital conversion of sound recordings. In contrast, digitization of moving images still lacks clear guidelines on technical specifications and preservation formats. In response to the question “what is the best digital file format for video preservation?” Jimi Jones writes in the Library of Congress blog that the video realm is still “kind of the Wild West” in that there is no consensus about file formats or codecs appropriate for preservation (Jones, 2011, para. 1).

In practice, there is considerable variation between the often-compressed file formats being used for both digitized and born digital video. The study conducted by the Academy of Motion Picture Arts and Sciences brings attention to the lack of agreement on a standard format for moving image preservation. The survey of 21 nonprofit audiovisual archives found 12 different formats used for moving image preservation (STC-AMPAS, 2012). The problem is compounded by an additional array of file formats for access. Schüller (2009) points out that commercial pressure led to the widespread use of proprietary and compressed file formats. He identifies the high cost of digital storage in the 1990s as a major barrier to the development of true archival standards for digitization of moving images.

This situation, however, has been changing recently as a result of the decreasing cost of storage and an overall increase in the attention paid to digital preservation issues. There are multiple efforts underway to advance the development of common target formats and to provide guidance for the digitization of moving images. In the United States, these efforts are led by the FADGI and specifically by the Audio-Visual Working Group that published a number of documents, including Audio-Visual Format Documentation: Background Paper (FADGI, 2010) and most recently Digital File Formats for Videotape Reformatting (FADGI, 2014) and Digitizing Motion Picture Film: Exploration of the Issues and Sample SOW (FADGI, 2015). The PrestoCentre, a nonprofit organization located in Europe, provides a range of services in the domain of audiovisual digitization and digital preservation to its members and serves as a hub for recent research (PrestoCentre, 2015). Guides to best practices and case studies of moving image digitization are still limited. The Minimum Digitization Capture Recommendations, prepared by the division of the American Library Association (ALCTS, 2013), includes a brief section on video but has no recommendations for motion picture film. CARLI (2013b) guidelines review current practices and include a list of resources for the selection of hardware, software, and vendors for moving image digitization.

The following sections provide an overview of the technical factors relevant to moving image digitization and summarize the current recommendations for technical specifications and file formats. Most of the existing guidelines focus on video digitization. The conversion of motion picture film to the digital form remains a subject of significant disagreement (ALCTS, 2013). FADGI’s recent guidelines for motion picture scanning projects focus on providing advice for generating high-quality output formats for current use but not on preservation reformatting. The authors of the report stress that the digitization of motion picture film is “an emergent discipline and a still-evolving set of practices” (FADGI, 2015, p. 2). Many moving image specialists argue that “more visual information is held in a film frame than could be digitally captured with their current technical capabilities” and maintain the position that preservation of analog film is best served by film duplication (STC-AMPAS, 2012, p. 52). However, some institutions undertake the digital conversion of motion picture film for access or, as discussed in the Section “Preservation Crisis,” out of concern for the uncertain state of preservation film. The distinction between motion picture film and video as a source of analog materials is important in the context of digitization because they require different equipment and conversion processes.

Moving image types
Moving images are dynamic, time-based media consisting of a sequence of still images that, when projected at a rapid rate, create the illusion of continuous movement. The sequence of images may be accompanied by one or more audio channels. Different technologies and materials have been used in recording moving images and associated sound. Film, video, and born digital files are fundamentally distinct because of differences in the recording technologies associated with each medium. Broadcast television is a unique category in regard to projection since it is delivered by means of a broadcast signal, but recording has been done on a videotape or in the digital form (Coyne and Stapleton, 2008).
• Film was the first method used for capturing motion pictures and dominated moving image recording for over a century. Moving images captured with a film camera and recorded on a variety of film stock undergo a process of exposure and development to be ready for projection. The accompanying audio is recorded on an optical or magnetic track. Historically, moving images were created on celluloid film with an unstable chemical base. Celluloid film was later replaced with a more stable and durable polyester film. Motion picture film comes in a variety of gauges ranging from 8 mm to 16 mm to 35 mm. Footage can range from camera original to preprint or duplication materials and can contain imagery in color and black and white (FADGI, 2015).

• Video was originally developed for recording a broadcast television signal on tape but has been used for a wide range of applications, including direct recording. Analog video recording uses electric signal to capture images as a pattern of parallel lines. The images are organized into a series of discrete, fixed-sized frames. There is, however, some variation in the way video signal is captured and color recorded due to the limited available technology and standards used in predigital television (Coyne and Stapleton, 2008). Different standards emerged for analog video in North America (NTSC, National Television Systems Committee) and in Europe (PAL, Phase Alternating Line). Magnetic tape used for recording analog video is prone to degradation. All analog, tape-based videos present serious preservation risks and are a prime candidate for digital reformatting.

• Born digital files include images and soundtrack encoded as a digital signal. The frames consist of bitmapped digital images and are synchronized with an audio bit-stream. Born digital files pose a separate set of challenges, as they have been encoded in a variety of formats and may require re-encoding into a suitable preservation format. Digital files recorded on physical carriers, such as DVDs, need to be migrated into file-based systems.

There is also considerable variation of the formats and carriers within film, video, and born digital files, making analog-to-digital conversion and digital preservation extremely challenging (FADGI, 2010).

Moving images have complex structures consisting of dynamic visual and audio information. A frame, used in film and in video recording, refers to the succession of still images that capture the scene at a point in time. The sequence of images displayed at a fast rate creates the illusion of a moving image. Different types of moving images have different frame rates, film having 24 frames per second and video 30 frames per second. The synchronized audio track includes the accompanying audio information. In the case of digitized or born digital files, digital audio signal needs to be converted to an analog sound wave during transmission in order to be perceived or “heard.” Frames and audio data of a digital moving image file need to be processed in order to be rendered and perceived by viewers. In addition to visual and audio streams, a moving image can include descriptive metadata and captions, which requires the processing of textual information (Coyne and Stapleton, 2008).

Digitization process and equipment
Digitization of analog moving image formats requires the conversion of frames consisting of still images and of associated sound recordings. The conversion process involves sampling the image portion of the frames to produce bitmapped digital images. It also requires synchronizing the audio track and translating it to a binary stream of 1s and 0s. Similarly to static media and audio conversion, digitization of moving image is a multistep process composed of several phases, including planning and assessment of analog sources, digital capture (scanning of film or sampling of video signal), production of master files and derivatives, processing and encoding of files, recording metadata, ingesting access files into a content management system for dissemination, and depositing preservation master files into a digital repository for long-term preservation. The process is complex because of the integration of visual and audio components and the differences between analog source materials. The assessment of the condition of analog materials is critical, as deteriorating film and videotapes require cleaning and repair before they can be digitized.

Different methods are used in capturing film and video in the digital capture phase. Transforming motion picture film into the digital format can be achieved using two techniques. Film as an optical medium is best converted through the imaging process and the use of a high-resolution motion picture scanner. Individual frames are scanned at high resolution ranging from 4 K to 8 K and stored as a sequence of digital images. The resulting digital files are extremely large and equipment is quite expensive. Gracy (2012) notes, “the process by which motion pictures are digitized is complex and costly enough to make transfer difficult for most archival institutions. Few institutions, aside from the largest archives, possess motion picture scanners, and the costs of sending material to digitization facilities discourage many institutions” (p. 437). The second approach is a two-step process, which involves first converting film to analog video using a telecine machine and then digitizing the resulting video. Telecine is the process of transferring motion picture film into analog video represented by an electric signal. Video can be viewed with standard video equipment and ultimately digitized with an analog-to-digital converter. Fig. 4.7 demonstrates an example of the Elmo transfer telecine system used for converting 16 mm film into video in a digitization of historic film at the Washington State University Libraries (O’English and Bond, 2011).

[image: image]Figure 4.7 Elmo TRV-16G Transfer Telecine System (O’English and Bond, 2011)



The conversion of video requires setting up a video digitization workstation consisting of a playback device, a high-quality analog-to-digital converter, and a dedicated computer station with a high-end processer. A video digitization lab requires an assortment of legacy video playback machines to be able to play a variety of analog video formats. Marsh (2014) describes the process of converting obsolete videotape formats at the Digital Production Center of Duke University Libraries. Fig. 4.8 demonstrates a range of input equipment used in video conversion at the Digital Production Center of Duke University. During the transfer process, while the analog video is played, its waveform amplitude is sampled (measured) at regular intervals and converted to a set of digital values by an analog-to-digital converter. This capture device, which can be an internal video conversion card or an external unit, interfaces between the playback machine and a computer, facilitating the encoding of converted data. External analog-to-digital converters are cheaper and easier to install; however, there is a proliferation of poor-quality devices that tend to automatically compress video (Mariner, 2014). A high-quality internal video capture card is usually recommended (CARLI, 2013b; JISC Digital Media, 2014b). The video capture and processing software is required for importing and editing the resulting digital video files. Some examples of high-end video processing software include Apple’s Final Cut Pro, Adobe Premiere, and Sony’s Vegas Pro.

[image: image]Figure 4.8 Video Input Deck Image courtesy of the Digital Production Center, Duke University Libraries.



Similarly to the guidelines for static media and audio digitization, the guides to best practices for moving images emphasize creating uncompressed, high-quality archival master files (CARLI, 2013b). The authors of the CARLI guidelines acknowledge that uncompressed files demand an enormous amount of storage but also add that “an uncompressed video is crucial to preserving the integrity of the content over the long term” (CARLI, 2013b, p. 4).

Three separate digital types of files are typically created during the digitization of moving images. These include:
• Preservation master file is the digital file that is saved for long-term preservation. It captures the content from the archival original at the highest possible quality and is encoded with no compression or using lossless compression. Preservation masters remain “untouched” and once ingested into a digital repository, are rarely accessed.

• Mezzanine file (also referred to as a service or production master) serves as a surrogate for the master file. Mezzanine files are accessed for editing and transcoding, and are used to make other duplicates and derivative files for access. Lossless or lossy compression is usually applied to mezzanine files to reduce their size.

• Access (derivative) file serves as a general use copy for viewing and online distribution. Access files are highly compressed (CARLI, 2013b; De Stefano et al., 2013; STC-AMPAS, 2012).

Technical factors and recommended specifications
The ultimate goal of digitization is to capture the content and properties of analog source materials and represent them faithfully in the digital form. As discussed earlier, the current guidelines provide recommendations for video digitization but not for film. The authors of Minimum Digitization Capture Recommendations state that “there are currently too many unknowns to make a well informed recommendation on digitizing moving image film at this time” (ALCTS, 2013, p. 37). Therefore, most of the recommendations reviewed here refer to video conversion, although many technical factors, such as resolution, aspect ratio, and frame rate also pertain to film. The complex structure of moving images requires one to consider a number of technical factors and specifications in the process of analog-to-digital conversion.

Resolution refers to the size of the image frame. Similarly to still digital images, resolution is expressed as the number of horizontal pixels (width) multiplied by the number of vertical pixels (height). The resolution of an analog source needs to be considered when converting to the digital form. For standard definition NTSC video, the resolution of 720 × 486 pixels is recommended to digitize a full frame and to create master files, whereas 640 × 480 is recommended for derivatives (ALCTS, 2013; Blood, 2011). 720 × 576 is recommended for standard definition PAL video (Blood, 2011).

Aspect ratio refers to the width of the image frame divided by its height. The aspect ratio should be maintained true to the original analog source. Most standard definition (SD) video has a 4:3 aspect ratio, while 16:9 is usually used in high-definition HD video.

Frame rate indicates the number of frames displayed per second. Thirty frames per second is the standard for digital video and television materials; film has a rate of 24 frames per second. Retaining the native frame rate is recommended for video and film digitization.

Sampling involves recording values for each pixel within a video stream. Three values are recorded: a “luma” element, corresponding to the brightness level; and two “chroma” elements, corresponding to the color levels for red and blue. A sampling schema of 4:4:4 indicates that luma and chroma elements are sampled at every pixel. This 4:4:4 sampling schema is the only true “lossless” sampling. The 4:4:4 sampling schema is recommended as best practice, while 4:2:2 is commonly used and recognized as an acceptable practice (Blood, 2011; CARLI, 2013b).

Bit depth indicates the depth of measurement. Bit depth determines the amount of data captured per image pixel and color channel and thus the accuracy with which the color information is stored. The greater the bit depth, the greater the number of gray scale or color tones that can be represented and the larger the file size. Most digital video formats use a minimum of 8 bits per color channel, while 10 bits per channel is recommended. Blood (2011) notes that the visual difference between 10-bit and smaller 8-bit files is subtle, especially in low-grade formats, such as VHS, U-matic, and Betamax. However, digitizing video using 10-bit depth is still beneficial as it allows one to capture the finer detail and subtle gradations within the range of recorded information.

Scanning in the context of video digitization refers to the way in which image frame is captured. Interlaced scanning captures the frame in two exposures, each containing one-half of the image, which may result in some image blurring. Most analog video is in interlaced format. In progressive scanning, the entire image is captured in a single exposure. Most born digital video is made using progressive scanning (CARLI, 2013b). Blood (2011) recommends retaining the native scanning format during the conversion process.

Encoding and file formats
Digitized video data need to be encoded and encapsulated in a file format in order to be processed by computer software and opened by a player. Video and audio streams that contain the essence of converted video are encoded using codecs. Different codecs can be used with no compression or in combination with lossless or lossy compression. Both the selection of codec and the level of compression applied during the encoding process impact the quality of the digitized video. File formats serve as wrappers or containers for encoded video essence and for additional information, such as metadata and captions. A combination of the codec and the wrapper is used to store, transmit, and play video in the digital form. The distinction between these two concepts is helpful in understanding the complexity of video file formats.

Codec refers to the way audio and video bit streams are encoded for transmission and storage and then decoded for playback or editing. The term “codec” is constructed from the words coding/decoding. A codec is a series of algorithms and is not included in the video file itself. The playback software must include a codec or be compatible with the codec used to encode the file (CARLI, 2013b; Mariner, 2014). There is a wide range of codecs available that are used with lossy or lossless compression. Several codecs (such as FFVI, JPEG 2000, uncompressed 4:2:2, 10 bit [v210], UYVY, and YUY2) support lossless compression and are used for encoding archival master files. A recent study by FADGI provides a comparison of codecs commonly used in archival practice for encoding digitized video (FADGI, 2014). Encoding schemas with lossy compression, such as DV, MPEG-4, QuickTime, or WMV, are used for encoding born digital video and for files created for access. JPEG 2000 and FFV1 are nonproprietary codecs supporting lossless compression and are emerging as open standards for encoding archival master files (FADGI, 2014; Lorrain, 2014).
• JPEG 2000 is an open standard developed by the Joint Photographic Expert Group. As described in Chapter 3, JPEG 2000 was developed to encode large and high-dynamic-range images. It is also used for encoding audio-visual content from video capture and film scanning. JPEG 2000 supports both lossy and lossless compression. Its adoption is still moderate. A number of large cultural heritage institutions, including the National Audiovisual Conservation Center of the Library of Congress, have selected lossless JPEG 2000 in combination with the MXF wrapper for preservation master files (FADGI, 2010;  2014; Lorrain, 2014).

• FFV1 is a codec that is gaining significant support in the open source community. Lorrain (2014) describes it as “the most promising open source video codec for long-term preservation” (p. 8). It supports lossless compression and, in combination with an open source wrapper, Matroska provides a fully open solution for digital video preservation. Its adoption is rated low to moderate by FADGI (2014). FFVI is being used by the Austrian Mediathek, the Vancouver City Archive, and MUMOK in Vienna (Lorrain, 2014).

Wrapper is distinct from codec and plays a different role in preserving digitized and born digital video content. Wrappers serve as containers for the encoded video and audio streams and other data, such as metadata and subtitles. FADGI (2014) defines the word wrapper as a “term often used by digital content specialists to name a file format that encapsulates its constituent bitstreams and includes metadata that describes the content within” (p. 4). Wrappers determine how and by what program audiovisual streams are played. There are hundreds of wrappers available (Mariner, 2014). Some are used as containers for preservation masters files, while others are used for highly compressed access files. The Library of Congress (2013) maintains a list of moving image formats (codecs and wrappers) and provides a review of sustainability factors. FADGI (2014) has recently released a study comparing wrappers commonly used in archival practice. Table 4.2 provides a brief summary of wrappers used by cultural heritage institutions for saving preservation master files. For a more comprehensive comparison, please see Digital File Formats for Videotape Reformatting (FADGI, 2014).

Table 4.2

Commonly Used Wrappers for Video Preservation Master Files




	Wrapper
	Extension
	Brief Description and Usage





	AVI (Audio Video Interleave)
	.avi
	Relatively old and well-established Windows multimedia container, developed by Microsoft. It is well documented and widely used.
The US National Archives and Records Administration (NARA), Rutgers University, and Austrian Mediathek use AVI for preservation purposes.




	QuickTime (MOV)
	.mov
	Well-established and well-documented format developed and maintained by Apple. It is widely used in both the production and cultural heritage communities.
Stanford University and New York University use MOV for preservation purposes.




	Matroska
	.mkv
	Relatively new, nonproprietary format that is beginning to be adopted in the cultural heritage and open source communities. In combination with the FFVI codec, it provides open source format for preservation of video.
Its adoption is still low. The City of Vancouver Archives uses Matroska for preservation purposes.




	MXF (Material eXchange Format)
	.mxf
	Highly flexible standard capable of wrapping complex objects with uncompressed or lossless-encoded data. Technically, it is codec agnostic, but is often used in combination with JPEG 2000. It is an open standard, but some documentation is not freely available. A draft of the AS-07 profile of the MXF application specification was released recently for review (AMWA, 2014).
MXF is widely adopted in the broadcast and film industries; the use in the cultural heritage community is not yet widespread. The Library of Congress and Library and Archives Canada use MXF for preservation purposes.







This brief review of codecs and wrappers points to the complexity of video preservation formats and the proliferation of approaches. A compatible configuration of a codec and wrapper is necessary to make sure that the format is interoperable and can be sustained over a period of time. Additional selection criteria, such as quality, openness, adoption, transparency, durability, and functionality, need to be considered in the format selection (Lorrain, 2014). At the time of this writing, there is no file format that has been definitively recognized as the preservation standard. Cultural heritage institutions use different configurations as intermediate solutions based on the established practice and available expertise. A combination of MXF/JPEG 2000 is emerging as a desired format, but its adoption in the cultural heritage community is still low, with the exception of large national libraries.

Summary of recommendations for video digitization
The preservation crisis associated with the deterioration of analog moving image media and the obsolescence of playback equipment has created a sense of urgency. Cultural heritage institutions are increasingly undertaking the digitization of moving image collections despite the fact that there is no clear consensus on formats and specifications. They select options considered either best or acceptable practice knowing that there is no ideal solution and that digitized files may need to be transferred into newer formats in the future. As Lorrain (2014) points out, “uncertainty as to how formats will or will not become the future standard makes is difficult to commit to one codec and one container. However, digitization needs to take place now and it is not possible to wait for the perfect format to appear” (p. 12). Table 4.3 provides examples of recommended or acceptable practices based on the available documentation (Blood, 2011; CARLI, 2013b).

Table 4.3

Summary of Recommendations for Video Digitization




	Specification/Format
	Source: (Blood, 2011)
	Source: CARLI (2013b)






	Resolution/Frame size
	720 × 486
	640 × 480



	Aspect ratio
	4:3 for SD; 16:9 for HD
	4:3 for SD; 16:9 for HD



	Bit depth
	10 bit
	10 bit



	Sampling
	4:2:2
	4:4:4 (recommended); 4:2:2 (acceptable)



	Scanning
	Interlace/Progressive: Native
	Progressive



	Frame rate
	Native, 30 or 29.97
	30



	Compression
	Uncompressed
	Uncompressed or lossless



	Codec
	Uncompressed 4:2:2, 10 bit; YCbCr (color space)
	Uncompressed YCbCr or JPEG 2000 (recommended); MPEG-4 AVC or DV (acceptable)



	Wrapper
	QuickTime (MOV) or AVI
	MXF (recommended); QuickTime (MOV) or AVI (acceptable)






The current guidelines vary in some specifications, as they reflect the state of intermediate practice. However, they provide recommendations that will ensure future transfer of high-quality files and uniformly stress the need to capture video uncompressed or with lossless compression. Compression is discussed in more detail in Chapter 3 with the distinction made between no compression, and lossless and lossy compression. No compression is generally recommended for master files for all media types, including text, still images, audio, and moving images. This recommendation is particularly critical in video digitization and in light of preparations for future transfer into formats such as JPEG 2000/MXF combination (Blood, 2011). Compression reduces file sizes but at the same time permanently discards a considerable amount of captured data, which can impact the accuracy of color representation. In the case of deteriorating video, there may not be another chance to digitize it and to recover the data. If digitized video is compressed, future transfers will include files of reduced quality. On the other hand, uncompressed video has a tremendous impact on processing and archival storage. Uncompressed video generates large files and demands a massive amount of storage space. An hour of uncompressed SD digital video will result in a file size of approximately 70–100 GB. In comparison, the size of the same file when lossy compression is applied is only 10–20 GB. In addition to uncompressed encoding, lossless compression of audiovisual data is considered a viable technology for long-term preservation, providing storage savings and the ability to reconstruct the same bitstream (PrestoCentre, 2014).

Compression, however, is extremely useful in reducing the size of files intended for online dissemination and other forms of access. The intermediate, mezzanine files are usually used as a source for creating smaller access files. Lossy codecs such as H.263 or MPEG-4 AVC (H.264) are used for encoding highly compressed access files. Wrappers, such as Adobe Flash (.flv) or MPEG-4 (.mp4) serve as derivative file formats (CARLI, 2013b). Other derivative video formats have been used in digital collections, such as QuickTime (.mov) or RealMedia (.rm, .ram). The Library of Congress provides a summary of access formats and players for video recordings in the American Memory project (Library of Congress, n.d.).

Access files are distributed through digital libraries or hosted video streaming platforms. Many open source and proprietary DLMS, including Omeka, Collective Access, and CONTENTdm, include video players and support standard access formats, such as mp4, WMV, or flv. Hosting options through the Internet Archive are available to cultural heritage institutions with limited digital library infrastructure and/or no access to streaming servers. Some institutions also choose to present digitized video through popular streaming platforms, such as YouTube or Vimeo.

Audio and moving image materials are media in transition, constantly upgrading carriers and methods of recording as technology evolves. Digitization is necessary not only to transfer analog audio, film, and video to a new generation of technology for access but also to preserve the content for future use. The preservation crisis caused by the deterioration of analog media and the obsolescence of playback equipment has made the conversion of audio and moving image collections an urgent issue. The guidelines for audio analog-to-digital conversion are well established, while the recommendations for moving image preservation formats are still evolving.

Digital technology provides a new method of recording and storing resources that, using file-based systems, liberates audiovisual materials from the limitations of physical carriers. However, this technology poses a new set of challenges in regard to digital preservation. These challenges are not unique to audio and moving image resources. Because of the uniform nature of the binary form, all digitized and born digital resources, whether textual or audiovisual, require preservation planning and ongoing data management. No digital format is expected to last forever and digitized, and born digital audiovisual materials will eventually have to be transferred to a new generation of formats. Adopting common standards for preservation formats will ensure that the content can be transferred properly, and will facilitate long-term digital preservation activities.
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Chapter 5

Metadata
Abstract
This chapter focuses on metadata standards and the process of building metadata in digital libraries. It begins with the definitions of metadata and an overview of different types of metadata standards used in the description and management of digital library resources. Next, it introduces the concept of schemas as a foundational metadata building block and reviews a number of schemas developed and used in libraries, archives, and museums. In addition to the theoretical aspects of metadata, this chapter examines the practice of designing and implementing metadata in digital collections with a focus on developing metadata application profiles and the use of content and value standards. Furthermore, it discusses user-generated tagging and linked open data in the context of describing and sharing digital library resources.
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Metadata overview
Definitions, standards, and history
Metadata constitutes the foundation on which digital libraries are built. Commonly referred as to “data about data,” metadata describes and organizes resources in the digital environment and enables users to discover and use the content of digital collections and repositories. Gilliland (2008) offers a broad definition of metadata as “the sum total of what one can say about any information object at any level of aggregation” (p. 2). Metadata can be used to capture characteristics and attributes of information resources on an item and/or collection level. The concept of metadata is used in diverse communities involved in organizing and managing information. In libraries and other cultural heritage institutions, the term is applied to the value-added information for arranging, describing, and enhancing intellectual access to information objects (Gilliland, 2008). Creation of high-quality metadata is essential to the access and preservation of digital library materials, including cultural heritage collections and scholarly publications in digital repositories.

Definitions of metadata in the library world emphasize the structured nature of metadata and the standardization of the metadata development process (NISO, 2004; Taylor and Joudrey, 2008; Zeng and Qin, 2008). NISO (2004) defines metadata as “structured information that describes, explains, locates, or otherwise makes it easier to retrieve, use, or manage an information resource” (p. 1). Zeng and Qin (2008) expand this definition by stating that metadata is “structured, encoded data that describes characteristics of information-bearing entities (including individual objects, collections, or systems) to aid in the identification, discovery, assessment, management, and preservation of the described entities” (pp. 321–322). The structure of metadata in digital libraries is governed by schemas. The concept of a metadata record grouping together all the statements about a resource is at the core of most schemas developed in digital libraries. Schemas are used in conjunction with other value and content standards, such as controlled vocabularies and input guidelines.

Libraries, archives, and museum communities have developed a range of different standards to guide the design, implementation, and exchange of structured metadata. Metadata is comprised of several building blocks including data structure standards and rules for formatting the contents of metadata records. Other standards determine how metadata is encoded and exchanged (Elings and Waibel, 2007; Miller, 2011; Mitchell, 2013a; Zeng and Qin, 2008). Thus, metadata standards are characterized by data structure (schemas), content, value, data format, and exchange:
• Schemas or metadata element sets are standards for data structures and semantics; the Dublin Core Metadata Element Set (DCMES) is an example of the most widely adopted schema in digital libraries.

• Data content standards provide the rules for metadata generation and formatting; Anglo-American Cataloging Rules Revised, Second Edition (AACR2), has been used in cataloging for many years and is currently being replaced by RDA: Resource Description and Access. Other content standards include Describing Archives: A Content Standard (DACS) and Cataloging Cultural Objects (CCO), which are used to describe archival materials and cultural objects.

• Data value standards are lists of standardized terms for recording values in metadata records. A number of authority files, subject headings, and thesauri are available from the Library of Congress and from the Getty Research Institute. The Library of Congress Subject Headings (LCSH) and the Art and Architecture Thesaurus (AAT) are examples of data value standards.

• Data format standards refer to standardized methods for encoding metadata so that computers can process data. Extensible Markup Language (XML) is a standard that is primarily used for encoding metadata in the digital library environment.

• Data exchange standards facilitate the sharing of metadata between collections and repositories. The Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) is an interoperability standard for sharing metadata in the digital library environment. Open Archives Initiative Object Reuse and Exchange (OAI-ORE) is a standard for the description and exchange of aggregated of web resources, including compound digital objects (OAI, 2015). OAI-ORE is used in the aggregation of metadata in large-scale digital libraries and linked data projects (Mitchell, 2013c).

Elings and Waibel (2007) provide a review of the standards developed in libraries, archives, and museums and illustrate it with a grid of primary standards in use across different communities. The distinction between schemas and different standards for content and data exchange is also relevant in the linked data environment (Mitchell, 2013b).

Metadata practices in the digital library environment build on a strong tradition of cataloging and indexing in libraries, archives, and museums. In the print environment, books and other analog materials have been cataloged using MARC (MAchine-Readable Cataloging) as a structure standard and AACR2 and LCSH as data content and value standards. Many of these tools, like LCSH, have been adopted successfully for content description of digital objects. However, the application of MARC for describing complex and dynamic digital objects proved to be difficult due to its monolithic and inflexible structure. New schemas have been developed in the digital library environment to address the limitations of MARC and offer more flexibility in the means of describing and managing digital objects.

The term “metadata” can be traced back to the 1960s, but it became popular in database management literature in the 1980s (Lange and Winkler, 1997; Vellucci, 1998). Prior to the mid-1990s and the development of digital libraries, the term was used primarily by the communities engaged in the management of geospatial data and design of databases and systems (Gilliland, 2008). The early metadata initiatives in digital libraries include TEI and the Online Computer Library Center (OCLC) projects that resulted in the development of Dublin Core. The Text Encoding Initiative (TEI) published the Guidelines for Electronic Text Encoding and Interchange (TEI guidelines) in 1994; OCLC initiated the web resource cataloging project in 1994 by selecting AACR2 and the MARC format to catalog web materials. This led to the creation of the Dublin Core, which arose out of the Metadata Workshop held in 1995 (Zeng and Qin, 2008). Vellucci (1998) summarizes several metadata initiatives that surfaced in different communities in the 1990s. The library community applied traditional cataloging techniques to describe digital resources, such as MARC (Dillon and Jul, 1996). Simultaneously, scholarly, archival, and museum communities began using Standard Generalized Markup Language (SGML) or XML, such as in the TEI headers (Barbero and Trasselli, 2014; Beißwenger et al., 2012; Sperberg-McQueen, 1996; Sperberg-McQueen and Burnard, 1994).

The first decade of digital library development is marked by the explosion of metadata schemas, proposed to meet the needs of different communities and subject domains. The large number of standards, especially in the descriptive realm, demonstrates the need for individualized standards to correspond to varied contexts. The diversity of metadata standards reflects the evolving nature of information organization in digital libraries. Schema-based metadata represents two decades of intensive metadata development in the digital library environment. Linked data introduce a new data model and a significant shift in the way metadata is recorded and connected in the open web.

Functions and types of metadata
Different types of metadata are needed for resource description, discovery, retrieval, use, presentation, and preservation of digital objects. The primary role of metadata is to identify, describe, and provide intellectual access to the content of a digital collection. As Miller (2011) notes, “without metadata, the collection would be virtually useless. Users would have no way to find and identify the digital objects within the collection” (p. 9). Metadata is particularly important in collections containing visual, sound, and moving image materials, which are very difficult to discover without textual description (Laursen et al., 2012).

In addition to facilitating resource discovery and use, metadata supports interoperability, organization, management, and preservation of digital objects (NISO, 2004). Lagoze et al. (1996) note the role of metadata in capturing terms and conditions of data, provenance, content rating data, linkage or relationship information, and structural data. Gilliland (2008) describes the role of metadata in maintaining the relationships between multiple versions of the same digital object and its role in retaining contextual information. The importance of recording data related to provenance, context of creation, and use is discussed in the context of digital preservation in Chapter 9.

Different types of metadata are recorded in digital libraries. The authors vary in the classification of metadata types, especially in regard to preservation and technical metadata that are often listed under administrative metadata. Gilliland-Swetland (1998) proposes a basic typology based on the functions of metadata:
• Administrative metadata that presents information associated with the management and organization of information resources

• Descriptive metadata that provides information to depict information resources

• Preservation metadata that offers information with respect to the conservation of information resources

• Technical metadata that illustrates information related to system functions and metadata behaviors

Miller (2011) classifies metadata into three categories: administrative, structural, and descriptive metadata, following a common approach adopted in library and information science literature:
• Descriptive metadata

• elements describing or cataloging digital resources

• information identifying the content of a digital item

• terms required to retrieve a digital item or a group of digital items

• Administrative metadata

• elements used for managing digital objects and collections

- information life-cycle data from creation to dissemination

• subtypes of administrative metadata

- technical and preservation metadata

- rights metadata

- use metadata

• Structural metadata

• elements offering a structure for a complex digital object or a group of associated digital objects

• multiple files of one digital object (e.g., pages of a book)

• multiple views of one digital object (e.g., different views of an object).

In this framework, technical and preservation metadata are listed as subtypes of administrative metadata, and structural metadata is a separate category.

Table 5.1 provides a summary of metadata types and their functions and lists a number of corresponding schema examples. As demonstrated in the table, the relationship between metadata types and schemas is not one-to-one. In fact, certain metadata schemas, such as Dublin Core or METS, can accommodate most of the types and include elements for recording descriptive as well as administrative metadata. In addition, there are also standards dedicated exclusively to technical and preservation metadata, such as MIX, based on the NISO technical standard for still images and new standards for capturing technical specifications of audio and video (AudioMD and VideoMD). More information about the technical standards is available at the Library of Congress Standards site (Library of Congress, 2011a, b). The digital preservation standard PREMIS is discussed in Chapter 9.

Table 5.1

Summary of Metadata Types and Their Functions




	Metadata Type
	Metadata Functions
	Schema Examples





	Descriptive
	Describes an object; provides access points to facilitate resource discovery; indicates relationships
	Dublin Core, MODS, EAD, VRA, CDWA



	Administrative
	Indicates ownership/digital provenance; provides management and rights information
	METS, Dublin Core, VRA, EAD






	Structural
	Expresses the relationships of an object (or aggregation of objects) to other related objects; describes structural characteristics of compound objects
	METS



	Technical
	Identifies digital objects and their technical specifications; certifies integrity and authenticity
	MIX—NISO Metadata for Images, AudioMD, VideoMD



	Preservation
	Describes properties of digital objects in archival storage; records preservation activities
	PREMIS, METS






Metadata schemas
Metadata schemas provide a foundation for structuring metadata. A schema is a predefined set of elements designed for a specific purpose, such as describing and managing information resources (NISO, 2004). The term “schema” is used to denote the singular form. The plural forms of schema are “schemas” or “schemata” (Baca, 2008). Schemas specify the names of elements and define their meaning. Some schemas may also provide the rules for how content must be formulated and encoded. Defined element sets are often represented in XML. Most of the schemas developed in digital libraries have a flat structure with a linear list of elements or a hierarchical structure indicating a parent–child relationship. A record remains a central concept of schemas developed in digital libraries where all attributes and characteristics of an information resource are grouped together. The underlying data models, however, are more flexible than MARC, allowing for the refinement of elements and the development of local application profiles.

Metadata schemas represent a significant departure from the traditional bibliographic description because of their varied and flexible approaches. Duval et al. (2002) outlines the fundamental principles that inform the design and application of metadata schemas:
• Modularity allows the combination of elements from different schemas, as well as vocabularies and other metadata building blocks, in a syntactically and semantically interoperable way.

• Extensibility allows the extension of a basic element set (repeat standard elements or add new ones) to accommodate local or domain-specific needs.

• Refinement allows the qualification of standard elements or an increased specificity of meaning; refinement also involves the specification of value sets or defining the range of values for a given element.

• Multilingualism addresses metadata design in light of linguistic and cultural diversity, with metadata schemas and records available to users in their native languages and in appropriate character sets.

Multiple metadata schemas have been developed in the cultural heritage communities to address the unique characteristics of resources in diverse knowledge domains. Digital objects are complex, often comprised of multiple files, and require extensive metadata for their management, use, and preservation. The wide array of metadata schemas also corresponds to the variety of formats, greater availability of audiovisual materials in the digital form, and finally, the different needs and traditions of cultural heritage organizations. Metadata schemas differ in:
• The underlying data model: flat structure (Dublin Core) or hierarchical (MODS or CDWA)

• The number of data elements

• Granularity of description

• The use of mandatory fields

• Encoding requirements

• The application of content rules and value standards

The following section provides an overview of the most frequently used schemas in digital libraries.

Dublin core
Dublin Core is one of the most widely adopted metadata schemas. It is used to meet the needs of a variety of user communities, including libraries, archives, museums, and other information providers (Chan et al., 2001). The Dublin Core Element Set originated from a workshop that took place in 1995 in Dublin, Ohio, and hence the name. The Dublin Core Metadata Initiative (DCMI) was established a few years later. The first workshop was held to discuss how to deal with the need to describe and organize networked resources. A variety of working groups were created to advance the development of a new schema with the DCMI guiding the process. The mission of the DCMI is to facilitate the discovery of Internet resources by developing metadata standards, defining frameworks for the interoperability of metadata schemas, and assisting the creation of community- or discipline-specific metadata schemas (Weibel and Koch, 2000).

Dublin Core includes 15 original elements: contributor, coverage, creator, date, description, format, identifier, language, publisher, relation, rights, source, subject, title, and type. In 2000, optional qualifiers were approved to enrich the schema. Beginning in 2012, the term “metadata qualifiers” was replaced by “refinements” and “encoding schemes” (DCMI, 2015a). Table 5.2 presents the basic Dublin Core Metadata Elements with associated definitions and examples. Fig. 5.1 shows an example of a customized Dublin Core record. The record example in Fig. 5.1 includes non-DC elements, such as keywords, event, and place, which have been mapped to Dublin Core. Fig. 5.1 presents a public display of a DC record. Metadata mapping is conducted by library professionals in the administrative module of the underlying software.

Table 5.2

Dublin Core (Version 1.1)




	Elements
	Definition





	Contributor
	An entity responsible for making contributions to the resource



	Coverage
	The spatial or temporal topic of the resource, the spatial applicability of the resource, or the jurisdiction under which the resource is relevant



	Creator
	An entity primarily responsible for making the resource



	Date
	A point or period of time associated with an event in the lifecycle of the resource



	Description
	An account of the resource



	Format
	The file format, physical medium, or dimensions of the resource



	Identifier
	An unambiguous reference to the resource within a given context



	Language
	The language of the resource



	Publisher
	An entity responsible for making the resource available



	Relation
	A related resource



	Rights
	Information about rights held in and over the resource



	Source
	A related resource from which the described resource is derived



	Subject
	The topic of the resource



	Title
	A name given to the resource



	Type
	The nature or genre of the resource




Dublin Core Metadata Element Set (http://dublincore.org/documents/dces/)



[image: image]Figure 5.1 An Example of a Customized Dublin Core Record http://collections.lib.uwm.edu/cdm/singleitem/collection/march/id/1531/rec/1



Dublin Core can be further enhanced by element refinements and element encoding schemes (DCMI, 2015a, b; Miller, 2011). Examples of refinements to the Date element are created, valid, available, issued, and modified. Another example can be seen in refinements to the Relation element, which include Is Version Of, Has Version, Is Replaced By, Replaces, Is Required By, Requires, Is Part Of, Has Part, Is Referenced By, References, Is Format Of, and Has Format. Element encoding schemes offer either a controlled vocabulary scheme or a standard syntax encoding scheme to associate an element with an existing controlled vocabulary, formal notation, or set of rules. This helps increase the precision of information retrieval. Examples of element encoding schemes for subjects are LCSH, MeSH, TGM, or AAT. Examples of element encoding schemes for language are ISO 638-2, ISO 639-3, RFC 1766, and RFC 4646. Flexibility is one of the main characteristics of Dublin Core. There are no required elements and each element can be used multiple times. Simplicity and semantic interoperability are the two key attributes (Chan et al., 2001).

The Dublin Core schema has been widely adopted in the digital library environment. Dublin Core has been implemented not only domestically in the United States but also internationally. The two main obstacles to its adoption are the relative scarcity of elements and qualifiers and an insufficient number of guidelines for its use. Even though Dublin Core is considered easy to use, Chuttur (2014) discovered a high error rate across the groups that used best practice guidelines and definitions, though using the guidelines resulted in fewer errors. The development and adoption of updated best practice guidelines based on user needs is essential to generating useful metadata records.

Implementing Dublin Core in repositories, where content contributors are responsible for providing metadata elements, brings a new set of challenges. In one study of using this schema in DSpace, an open source institutional repository software, the results reveal different quality issues, such as incomplete records caused by skipping nonmandatory fields, a lack of authority control over subject headings, low metadata accuracy caused by unclear element definition, and metadata inconsistency due to a lack of required conventions (Kurtz, 2013).

Metadata object description schema (MODS)
Metadata Object Description Schema (MODS) is a schema that has its roots in bibliographic description. The standard is maintained by the Network Development and MARC Standards Office of the Library of Congress (Library of Congress, 2015a). MODS is derived from MARC 21. As such, it is highly compatible with MARC fields. The first version of MODS was developed in 2002 and based on feedback on the first version; version 2.0 was published in 2003. Version 3.0 was made available in late 2003.

The structure of MODS is hierarchical. It contains parent elements and child elements. Attributes are used simultaneously to refine the meaning of an element. McCallum (2004) specifies several requirements and characteristics of MODS: developed for an XML environment, compatible with MARC21, simple, and having a modest amount of top-level elements. The following features correspond to the requirements and characteristics of MODS: user-oriented tags, regrouped data elements in MARC, fewer coded values, added electronic resource data, linking flexibility, recursion for related items, special attributes, round-trip transformation with MARC21, and allowance for mixed content. In addition, one characteristic of MODS is that it offers users the opportunity to use different levels of granularity. (Miller, 2011). MODS includes 20 top-level elements: titleInfo, name, typeOfResource, genre, originInfo, language, physicalDescription, abstract, tableOfContents, targetAudience, note, subject, classification, relatedItem, identifier, location, accessCondition, part, extension, and recordInfo (Library of Congress, 2014a). In addition, MODS has 47 subelements (Guenther, 2003). Table B.1 in Appendix B presents the MODS top-level elements with associated definitions.

The benefits of using MODS include its hierarchical structure allowing for granular description, detailed user guidelines, and mappings with examples. More importantly, transformation tools assisting in conversion from MODS to MARC and other metadata schemas are also available (Guenther, 2004). As Dulock (2012) describes, MODS is used for descriptive metadata in digitization projects because of its ample metadata element set. However, MODS metadata needs to be mapped to Dublin Core for harvesting purposes because of the requirements of the Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) (Dulock, 2012).

Metadata encoding and transmission standard (METS)
METS is sponsored by the Digital Library Federation, supported by the Library of Congress, and governed by the METS Editorial Board. Its first schema was made available in 2001. The development of METS continues today (Library of Congress, 2015b). METS is defined as “an XML schema designed for the purpose of creating XML document instances that express the hierarchical structure of digital library objects, the names and locations of the files that comprise those digital objects, and the associated descriptive and administrative metadata” (Cundiff, 2004, p. 53). The main user communities of METS are university libraries, archives, and museums. In general, a METS document can have seven major subsections:
• Mets Header (metsHdr)

• Descriptive Metadata Section (dmdSec)

• Administrative Metadata Section (amdSec)

• File Section (fileSec)

• Structure Map (structMap)

• Structural Links (structLink)

• Behavior Section (behaviorSec)

Three types of metadata are identified in METS: descriptive metadata, administrative metadata, and structural metadata. METS does not offer its own vocabularies for descriptive metadata. Instead, it offers three options: (1) point to metadata in external documents; (2) point to systems using the Metadata Reference (mdRef) element; and (3) embed descriptive metadata using the Metadata Wrap (mdWrap) element. Similarly, METS does not offer its own vocabularies for administrative metadata. The administrative metadata section can be further classified into four subsections: technical metadata (techMD), rights metadata (rightsMD), source metadata (sourceMD), and digital provenance metadata (digiprovMD) (Cantara, 2005; Cundiff, 2004). The structural map is the core of a METS document, and it is the only required subsection. It represents the hierarchical structure and sequence of components of a digital object in the form of nested divisions of elements. It comprises attributes such as ID, LABEL, TYPE, and ORDER. Table B.2 in Appendix B presents the METS elements with associated definitions.

METS has been implemented in a variety of digital library projects. The METS Implementation Registry is available at the Library of Congress Standards site (Library of Congress, 2015b). METS was selected for the University of Texas’ Human Rights Documentation Initiative (HRDI) because of the schema’s capability in managing digital objects and metadata at several levels (Dulock, 2012). METS functions as a wrapper in which the descriptive metadata and administrative metadata sections can be connected to other parts of the METS document.

METS facilitates interoperability, but its flexibility in representing digital library objects also poses some challenges. McDonough (2006) highlights some issues with METS in terms of interoperability:
• Allows users to insert arbitrary metadata schema

• Does not control the location of metadata or the associated format

• Offers no guarantee in applying standard rules of description

• Lacks controlled vocabularies for the attributes of some elements

• Lacks structural constraints on a digital object

METS profiles enable institutions to record restrictions and requirements for the compiling of METS documents. Although METS profiles do not guarantee the interoperability, the profiles are the starting point from which to consider issues regarding sharing and exchanging complex digital objects. It is worth noting that other metadata schemas for complex digital objects share similar problems.

Text encoding initiative (TEI)
TEI, a standard for encoding textual documents, was developed as one of the first digital library metadata standards. A conference at Vassar College in Poughkeepsie, New York, in 1987 proposed the Poughkeepsie Principles, which set up the foundation of TEI. In 1990, the first edition of TEI was published, and it adopted SGML for the coding. SGML is an international standard for document markup. The most notable edition is the P3 Guidelines for Electronic Text Encoding and Interchanges, which was made available in 1994. It defines 600 elements for the ending of text. The P4 version was publicized in 2001 by the TEI Consortium, when TEI started to support both XML and SGML. The P5 edition is an XML-based markup for digital texts. TEI has concentrated more on functional aspects of texts (Ore and Eide, 2009; Vanhoutte, 2004). Several working groups contributed to the production of TEI P5. According to Cummings (2008), “The TEI Guidelines are not only a guide to best practice, but are also an evolving historical record of the concerns of the field of Humanities Computing” (p. 1). In that case, the TEI guidelines not only show the evolution of the recommendations but also the influences of the technical and theoretical background and development.

TEI P5 consists of 23 chapters organized from broad to specific topics. The first part (5 chapters) introduces TEI to potential users. The second part (7 chapters) focuses on each kind of specific text: verse, drama, spoken text, dictionaries, and manuscript materials. The third part (9 chapters) takes care of topics that are associated with specific applications. The fourth part (2 chapters) discusses how to encode the XML to represent the TEI scheme. The last part (1 chapter) concentrates on TEI customization and conformance. The following are the three primary functions of the TEI guidelines:
• Guide individual or local practice in text creation and data capture

• Support data interchange

• Support application-independent local processing (TEI Consortium, 2015)

The TEI encoding schema consists of a number of modules including specific XML elements and their attributes. In principle, a TEI schema may contain any combination of different modules. Among all modules, four modules are of particular importance:
• The TEI module specifies classes, macros, and data types.

• The core module comprises declarations for elements and attributes.

• The TEI header module presents declarations for the metadata elements and attributes.

• The text structure module is required for the encoding of most book-like objects (TEI Consortium, 2015).

These four modules are used in almost all the TEI schemas. TEI also defines several hundred elements and attributes. Each definition contains the following components (TEI Consortium, 2015, p. 1):
• A prose description

• A formal declaration, expressed by special-purpose XML vocabulary combined with elements extracted from the ISO schema language RELAX NG

• Usage examples

As an example, Table B.3 in Appendix B presents the TEI Header elements with associated definitions and examples.

TEI was selected to promote the exchange of data among national and international projects by exporting manuscript descriptions from a library system into TEI XML documents (Barbero and Trasselli, 2014). TEI allows customization of elements to satisfy the needs of a variety of digital projects. Although customization is one of its design goals, that feature also creates potential problems with data sharing and exchange (Cummings, 2008). Customization is an effort to apply the TEI encoding framework to new genres and document types. Beißwenger et al. (2012) demonstrate that TEI Guidelines can be customized and applied to different types of Computer Mediated Communication (CMC) genres. TEI has mostly been applied in large projects in the humanities and social sciences. It is challenging for small institutions to implement TEI because of the detailed requirements for text encoding. The benefits of enhanced access to the digital collection may outweigh the problems in certain applications (Wisneski and Dressler, 2009).

Encoded archival description (EAD)
Encoded Archival Description (EAD) is an international standard for encoding finding aids for archival materials, with version 1.0 published in 1998 and revised in 2002. The standard originated from a research project at the University of California at Berkeley. Just like TEI, it was originally an application of SGML, and it became XML compatible later. EAD is maintained by the Network Development and MARC Standards Office of the Library of Congress in collaboration with the Society of American Archivists (Library of Congress, 2013). McCrory and Russell (2013) state, “EAD provides a means of structuring the language of finding aids so that they may be processed for presentation on the web and so that their descriptive elements can be exchanged with other metadata systems” (p. 99).

The EAD record structure consists of three groups of categories: <eadheader> (EAD Header), <frontmatter> (Front Matter), and <archdesc> (Archival Description). Among them, <eadheader> and <archdesc> are required elements. Multilevel description is one of the key features of EAD. The first level describes the collection; the second level presents a series of materials; the third level illustrates the individual folder. An EAD record contains elements, associated attributes, and allowed values. EAD encoders need to record the archival collections as a whole, and more importantly, they also need to provide the descriptive data for each series, box, folder, and item (Zeng and Qin, 2008). Two processes are involved in the adoption of EAD: encoding to match information in a finding aid to EAD elements and publication to make a finding aid available on the web (Yakel and Kim, 2005). EAD conforms to both SGML and XML specifications. The implementation of EAD is a complicated process because of the many options and models that need to be considered. Even though it does not necessarily reflect the exact structure of the finding aids produced, it does provide elements to represent the captured information. Table B.4 in Appendix B presents the EAD header elements with associated definitions and examples.

EAD was developed specifically to describe archival materials. Accordingly, the EAD structure adheres to the structure of an archival collection. In EAD, each level of the structure and its corresponding metadata are associated with each other (Niu, 2013). Although EAD is widely implemented in the archival field today, in a study on the diffusion and adoption of EAD in the archival community, Yakel and Kim (2005) found that the adoption rate was low, with only 42% of the respondents implementing EAD in their programs. Based on a usability study of an EAD interface, Yakel (2004) identifies several barriers for implementing EAD. The main barriers include the following: (1) Users are not familiar with EAD jargon, and (2) users do not understand the hierarchical structure of EAD. Yaco’s (2008) survey findings yield similar results. After conducting a usability study on an EAD finding aid, DeRidder et al., (2012) recommend the following to enhance the usability of EAD finding aids: adding a navigational frame, adding a “search in page” feature, and modifying archival terminology.

Visual resources association (VRA) core
The Visual Resources Association (VRA) Core is a metadata schema for visual resources, used primarily in art libraries and museums. According to Eustis (2013), “VRA’s primary aim was to allow its members to collaborate on best practices for creating, describing, and distributing digital objects for resources such as images or cultural artifacts” (p. 441). It has also been implemented into digital library software, such as CONTENTdm. The first set of VRA Core elements was first released in 1996. The VRA 4.0 version was released in 2007. The standard is hosted by the Network Development and MARC Standards Office of the Library of Congress (LC) in partnership with the VRA (Library of Congress, 2014b). The VRA Core consists of the following 19 elements: record type (collection/work/image), agent, cultural context, date, description, inscription, location, material, measurements, relation, rights, source, stateEdition, stylePeriod, subject, technique, textref, title, and worktype. Additionally, nine global attributes are used to define each element or subelement. They include dataDate, extent, href, pref (preferred value), refid (link to internal identifiers), rules, source, vocab, and xml:lang (Visual Resources Association, 2007). Table B.5 in Appendix B presents the VRA Core 4.0 elements with associated definitions and examples.

According to a 2011 survey, 56 institutions implemented the VRA Core schema (Mixter, 2014). Van Assem et al. (2010) discuss their decision in selecting VRA Core 3.0 for the MultimediaN E-Culture project. The main reasons are that (1) VRA Core elements map well to the raw data; (2) there is clear link between the VRA Core and the Dublin Core; and (3) the VRA Core offers a coherent set of initial facets for a facet browser. There are, however, some issues in mapping richer VRA Core elements to basic Dublin Core. Even though the data elements are similar, there are semantic differences between these elements. For example, the VRA Style/Period is similar to the Dublin Core elements subject or coverage, but some loss of meaning occurs if Style/Period is reduced to either one of the Dublin Core elements (Attig et al., 2004).

Categories for the description of works of art (CDWA)
Categories for the Description of Works of Art (CDWA) is a schema that originated in the art museum community. It is designed specifically for developing a structured approach to describing works of art, architecture, and other material culture. CDWA was developed in the late 1990s by the Art Information Task Force (AITF), a group of representatives from the art library and museum communities. The work of the Task Force was partially funded by the J. Paul Getty Trust College Art Association, and the standard as well as the implementation guidelines are available at the Getty’s web site (Baca and Harpring, 2009).

CDWA provides a broad framework from which existing art information can be mapped and upon which new systems can be developed or linked. It also identifies vocabulary tools and provides guidelines for their use (Baca and Harpring, 2009). CDWA allows a greater level of granularity than Dublin Core, MODS, or even VRA. For example, it defines a number of categories for Creator, such as Creator Description, Creator Identity, and Creator Role. It also includes a record for the relationship between the object and its visual and textual representation. The full set of metadata elements is quite extensive and includes 540 categories and subcategories. Within the set, a number of categories are identified as “core”—considered necessary to describe a work of art. The schema is built on a hierarchical parent–child data model with subcategories nested under the main categories. The CDWA schema is used in combination with a content standard, CCO.

CDWA Lite is a subset of the full CDWA element set. It is based on the core elements of CDWA and the guidelines included in CCO. CDWA Lite is encoded in XML. It includes 22 core elements, with several nested subelements. The purpose of CDWA Lite is to provide a structured format for sharing core records of works of art and cultural materials between museums and other repositories of visual art. CDWA Lite is compatible with the Open Archives Initiative (OAI) harvesting protocol. Woodley (2008) describes a case study of the sharing of CDWA Lite-based metadata records of images of European tapestries from the Getty Research Institute Photo Study Collection and harvesting them into ARTstor.

Several metadata schemas are described and discussed earlier. Multiple schemas have been developed for different purposes and audiences. There is no single metadata schema that could fully represent descriptive, preservation, and structural metadata. In practice, several schemas have to be used to capture different types of metadata.

Interoperability: metadata mapping and harvesting
Interoperability refers to the ability of multiple systems with different hardware and software, data structures, and interfaces to exchange and share metadata (NISO, 2004). The digital library environment, with multiple schemas and content and value standards, poses many challenges for metadata exchange across collections and repositories. The goal of interoperability is to enable the exchange of data between digital library systems and to provide services that simplify discovery and increase interactions with digital library resources in a network environment (Arms et al., 2002). Metadata mapping tools and shared transfer protocols have been developed to advance interoperability and improve access to digital library resources through metadata harvesting and large-scale repositories of aggregated metadata.

Metadata mapping facilitates the exchange of metadata between collections and systems using different schemas. The terms “metadata mapping” and “metadata crosswalk” are often used interchangeably (Woodley, 2008). Woodley (2008) offers a distinction between the terms by defining mapping as “the intellectual activity of comparing and analyzing two or more metadata schemas,” while crosswalks are the products of the mapping activity and can be represented as tables or charts (p. 40). Interoperability between schemas can be examined on several levels, including semantic, structural, and syntactic. Most mapping activities in digital libraries focus on semantics analyzing the definitions of the elements in two or more schemas to determine whether they have the same or similar meanings and deciding which element in one schema can be mapped to an equivalent element in the second schema. Typically, mapping is performed in preparation for the exchange of metadata between systems but can also be done during metadata design, when elements of a local application profile need to be mapped to a standardized schema. Metadata mapping ensures cross-collection searching and exposing the local metadata to a wider audience. Mapping of customized schemas to a standard element set is further discussed in the section “Designing and Implementing Metadata.”

Crosswalks provide specifications for mapping one metadata schema to another and assist in converting metadata created by different communities to be included in digital libraries and shared repositories. Several crosswalks have been developed to facilitate the mapping of popular schemas. The LC provides access to a number of crosswalks for the schemas that are maintained by LC, including MARC, MODS, and EAD. These schemas are mapped to Dublin Core but also to other standards. For example, MODS is mapped to Dublin Core and MARC, and the conversion is bidirectional—a crosswalk is also available for MARC to MODS and Dublin Core to MODS (Library of Congress, 2015c). The Getty Research Institute (2014) published a crosswalk chart for multiple schemas, including CDWA, CDWA Lite, and VRA Core.

Semantic mapping is rarely direct, due to a different number of elements and different levels of granularity among schemas. The mapping of a richer schema to a simpler set of elements usually results in some loss of information. Miller (2011) points out that “mapping from one schema to another is virtually impossible without metadata degradation” (p. 233). Fig. 5.2 provides a sample of mapped elements from MODS to Dublin Core. This example demonstrates that some refinements of elements, such as subject, will be lost when MODS is mapped to Dublin Core.

[image: image]Figure 5.2 Mapping of Selected MODS Elements to Dublin Core (Library of Congress, 2015b) A full set of mapped elements is available at: http://www.loc.gov/standards/mods/mods-dcsimple.html.



Metadata harvesting has been developed as an approach to interoperability and metadata sharing between digital collections and repositories. This method addresses the difficulties of resource discovery in the digital library environment by gathering metadata from individual digital collections and providing access through an aggregated platform. The transfer of metadata is defined by the OAI-PMH (OAI, 2015). This metadata exchange standard requires data providers to expose their metadata as a set of simple Dublin Core. If original metadata is built with other schemas, such as MODS, Qualified Dublin Core, TEI, or VRA, mapping and transformation of metadata to simple Dublin Core need to take place prior to harvesting. The OAI-PMH standard is discussed in more detail in Chapter 6.

Interoperability is a vital issue in digital library research and practice. In Lopatin (2010), OAI-PMH emerges as the most widely adopted solution to interoperability for both academic and nonacademic libraries, although more academic libraries (77%) than nonacademic libraries (69%) selected it. The study by Park and Tosaka (2010) yields similar results. About 36.8% of the respondents exposed their metadata through OAI harvesters. Metadata interoperability is a challenge for many of the institutions because of the financial barriers, personnel requirements, and technical constraints.

Designing and implementing metadata
The process of designing and implementing metadata in digital libraries is highly structured, but it also involves a significant amount of customization. The development of local, collection-specific metadata is achieved through a wide range of schemas and their modular character. As Duval et al. (2002) note, “in a modular metadata world, data elements from different schemas as well as vocabularies and other building blocks can be combined in a syntactically and semantically interoperable way” (p. 2). This flexible approach is quite different from the uniformity of bibliographic description that is found in traditional library catalogs. The use of multiple customizable metadata schemas allows one to address different user needs, unique characteristics of collections, and diverse disciplinary domains. However, the lack of a uniform metadata model, and varied metadata creation practices poses challenges to quality, interoperability, and metadata sharing and reuse (Hillmann, 2008; Park, 2009; Park and Tosaka, 2010).

The multiple roles that metadata plays in digital libraries complicate the process of designing consistent and interoperable metadata. As discussed at the beginning of this chapter, different kinds of metadata are needed for resource description, discovery, use, presentation, and preservation of digital objects. Different types are related to multiple functions of metadata that go beyond the description of digital objects. The presence of multiple goals and corresponding data types may require more than one metadata set to be associated with an object, which further complicates the process of designing, implementing, and maintaining metadata in practical digital libraries.

The role of metadata in creating and preserving digital objects is underscored in The Framework of Guidance for Building Good Digital Collections, an NISO guide to recommended digital library practice (NISO Framework Working Group, 2007). The Framework defines basic requirements for metadata and outlines six general principles for designing and implementing high-quality metadata:
1. Good metadata conforms to community standards in a way that is appropriate to the materials in the collection, users of the collection, and current and potential future uses of the collection.

2. Good metadata supports interoperability.

3. Good metadata uses authority control and content standards to describe objects and collocate related objects.

4. Good metadata includes a clear statement of the conditions and terms of use for the digital object.

5. Good metadata supports the long-term curation and preservation of objects in collections.

6. Good metadata records are objects themselves and therefore should have the qualities of good objects, including authority, authenticity, archivability, persistence, and unique identification (NISO Framework Working Group, 2007, pp. 61–62).

These principles build on the traditions of library cataloging, especially regarding the adherence to standards and use of authority control and content standards. They also highlight the new roles of metadata in supporting interoperability, rights management, and long-term preservation. The emphasis is on the standardization of the metadata creation process, which in turn supports consistent and accurate resource description, interoperability, and the preservation of digital objects. As indicated in principle no. 6, metadata records themselves are digital objects and should have the attributes of good objects in order to be maintained and preserved.

The digital library environment offers a wide range of structure and content standards to support consistent metadata creation and interoperability. The metadata design process requires a number of decisions about the selection and integration of different standards and tools. As discussed in the previous section, the digital library environment offers multiple schemas, developed by different communities that are intended to address the unique characteristics of materials in diverse knowledge domains. Schemas are used in combination with other metadata building blocks, such as authority control tools and content standards. Library, archival, and museum communities provide a range of general and discipline-specific controlled vocabulary tools to record authorized forms of names and consistent subject terms. Communities also utilize content input guidelines to ensure consistent data formatting with regard to syntax, punctuation, capitalization, etc. Many of the content tools were originally developed in the print environment and have been adopted for metadata creation in digital libraries.

Table 5.3 provides a summary of the standards used for metadata creation in digital libraries. The list was compiled based on the results of studies that surveyed metadata practices in digital collections and repositories (Lopatin, 2010; Moulaison et al., 2015; Palmer et al., 2007; Park and Tosaka, 2010). There are some discrepancies between the studies when identifying the most frequently used schemas. Palmer et al. (2007) conducted a longitudinal study of IMLS digital collections created between 2003 and 2006 and found that Dublin Core and MARC were the two top metadata schemas used during that period. Lopatin (2010) and Moulaison et al. (2015) find that Dublin Core is the most widely adopted standard in digital collections and repositories, while the results of Park and Tosaka’s (2010) survey indicate that MARC is still the most frequently used standard, followed by Dublin Core. Because of the disparate results, the standards in Table 5.3 are listed alphabetically, rather than in the ranking order.

Table 5.3

Metadata Standards Used in Digital Collections and Repositories




	Type of Standard
	Standard Name





	Metadata schemas
	Dublin Core; CDWA; EAD; MARC; MODS; Qualified Dublin Core; TEI; VRA



	Data value standards/controlled vocabularies
	AAT; LCSH; LC NAF; LC TGM; MESH; TGN



	Data content standards
	AACR2; CCO; DACS; DCRM; Dublin Core guidelines; EAD guidelines; LC MODS guidelines






The schemas and data value standards were selected for inclusion in Table 5.3 if they were listed in at least two of the three reviewed studies. Data content standards are discussed only in the Park and Tosaka (2010) study. The list of standards and tools is not exhaustive. The schemas identified in the reviewed studies focus on descriptive metadata. Interestingly, none of the studies mentions the structural metadata standard METS, nor do they mention the preservation standard PREMIS. Lopatin (2010) and Park and Tosaka (2010) mention a significant use of home-grown schemas and locally developed vocabularies and guidelines. Park and Tosaka (2010) record that 25.1% of the survey participants engaged in creating local metadata elements and home-grown content guidelines. The authors discuss the problematic nature of this approach insofar as it hinders interoperability and metadata sharing in distributed environments.

The research studies confirm that multiple schemas and content standards are indeed used in digital libraries. This multiplicity is rooted in the different traditions of describing and organizing resources in cultural heritage communities. The schemas that originated in archives and museums tend to be used with other standards and tools developed in archival and visual resources communities. For example, EAD, a finding aid standard for archival collections, is often used in conjunction with DACS, which is a content standard of archival practice. VRA Core and CDWA are two structure standards designed specifically for creating metadata for works of art. CDWA is used in conjunction with CCO, a museum data standard for describing works of art and material culture, and with controlled vocabulary tools developed by the Getty Research Institute, including the Art and Architecture Thesaurus (AAT) or Thesaurus of Geographic Names (TGN). The VRA schema is also used with CCO and Getty vocabularies (Elings and Waibel, 2007). Dublin Core and MODS are both cross-disciplinary and general digital library standards, and are used with a variety of controlled vocabularies, including LC Subject Headings, Thesaurus for Graphic Materials (TGM), and Getty vocabularies.

The creation of metadata in digital collections and repositories involves two distinct phases:
1. Conceptual work in metadata design

2. Resource-intensive construction of metadata records

Metadata design, which includes selecting and customizing a schema, provides a foundation for building metadata records. Schema selection and/or the development of a local application profile takes place in the beginning phase of a digital library project. Metadata design is critical to the subsequent stages of metadata implementation and interoperability. This phase involves not only selecting an appropriate metadata schema but also determining the appropriate level of description and identifying controlled vocabulary tools to be used in creating records. The decision of whether to adopt an established content standard or develop local input guidelines is also made in the planning phase. Metadata implementation involves building records for digital objects based on the standards established in the design phase, executing quality control, and producing documentation.

Selecting a schema
Metadata schemas differ in the type and number of data elements, the designation of mandatory fields, encoding requirements, and the use of data content and value standards. Therefore, a decision about selecting a schema has implications for the quality and level of description. Several factors need to be considered in adopting a schema or developing a customized metadata profile (Kennedy, 2008; Miller, 2011; Zeng and Qin, 2008). Kennedy (2008) offers a practical guide to assist professionals in choosing a metadata schema. The guide consists of nine questions focused on (1) potential users and their needs, (2) expertise of cataloging staff, (3) time and financial resources, (4) type of access to a digital collection, (5) relationships to other collections, (6) collection scope, (7) metadata harvesting, (8) interoperability, and (9) level of maintenance and quality control. Zeng and Qin (2008) point out that the metadata creation process begins with an examination of the discipline, community, and potential users and usage and then considers a number of other criteria, including the nature of the collection and constraints in staffing and funding, as well as institutional and cooperative information systems. Miller (2011) recommends adopting an approach from information architecture that is frequently used to determine functional requirements. The triad of context, content, and users can be used as a framework for analyzing the organizational context in which a digital library is created, for examining the type, format, and subject content of materials, and for gathering information about users, their information-seeking behavior, and intended use.

The analysis of user needs and search behaviors provides a foundation for determining functional requirements for metadata from a user viewpoint. Metadata designed with a specific user group in mind allows for not only establishing a specific set of metadata elements but also determining the level of description and selecting appropriate vocabulary. For example, a set of metadata elements for a collection of anatomical images intended for medical students and faculty will be different from a digital collection of anatomy intended for middle school students. Children represent a special user group of digital libraries, and as Abbas (2005) demonstrates, they can benefit from metadata schemas and records developed with their unique needs in mind.

In the process of schema selection and customization, the nature of the collection, the characteristics of the resources, format and subject coverage, user needs, and anticipated use make up the major criteria for consideration. Specific types of materials may require dedicated schemas. As mentioned before, VRA Core and CDWA are schemas developed specifically for creating metadata for works of art. PBCore is often used as a dedicated schema for collections of audio recordings (Dulock and Long, 2011). General digital library schemas, such as Dublin Core and MODS, are used to create item-level descriptive records for a variety of materials, including photographs and monographs, as well as basic records for audio and video resources. Compound objects, such as monographs or newspapers, require structural metadata in addition to descriptive records. As discussed earlier in this chapter, METS is a multifunctional standard capable of providing structural metadata for compound objects as well as serving as a “wrapper” for other types of metadata, including descriptive and preservation metadata.

Digital library management systems (DLMS) are used to build digital collections and repositories. They work as a constraining factor for metadata, as they usually support only a limited number of schemas and controlled vocabulary tools. Chapter 6 reviews a current selection of open source and proprietary DLMS used for constructing digital collections of cultural heritage materials. Repository platforms that primarily serve preservation functions are discussed in Chapter 9. As indicated in the comparative review of DLMS in Chapter 6, system support for metadata schemas varies. A number of DLMS, including CollectiveAccess, CONTENTdm, and EMu provide a selection of schemas and enable customization of metadata templates, while Greenstone, Omeka, and Luna support only Dublin Core. The open source software Omeka is intended for a broad range of developers, including students, scholars, and individuals interested in building personal digital collections. The metadata template includes the basic 15 Dublin Core elements, which cannot be customized (Fig. 5.3). While this approach offers individuals with minimal technical and cataloging expertise an opportunity to build standard-compliant collections, library professionals often find the lack of template customizations limiting (Kucsma et al., 2010).

[image: image]Figure 5.3 Selected Basic Dublin Core Elements in Omeka Metadata Template



In the category of open source software, CollectiveAccess provides the strongest support for metadata creation and includes a number of schemas and controlled vocabulary tools. CollectiveAccess also allows users to import and share a variety of standards from user-contributed installation profiles and provides a forum for sharing best practices in metadata creation. Support for metadata design and customization is one of the strengths of proprietary software. CONTENTdm, managed by OCLC and widely adopted by academic and public libraries, offers a number of schemas, including Dublin Core, VRA Core, EAD, and METS. Metadata templates can be customized with local elements mapped to a standard schema. CONTENTdm also incorporates a number of controlled vocabulary tools, including AAT, TGM, TGN, ULAN, and MeSH. The level of support for metadata creation plays an important role in choosing between an open source software or a proprietary system. Some institutions may use more than one standardized schema for different types of collections if they have access to a DLMS that offers multiple schemas. For example, Dublin Core can be used for image or text collections and EAD for finding aids.

Metadata application profiles
Analyzing functional requirements and selecting a schema are the first steps in metadata design. Once a standardized schema is selected, metadata designers need to identify which elements have to be included in a collection-specific set. Designing a local metadata application profile should be made in light of a prior analysis of user needs, content characteristics, and organizational context. Standard sets of elements of established schemas, such as Dublin Core, MODS, or VRA Core are often applied without modification if they meet functional requirements or if a content management system (DLMS) lacks capabilities for metadata customization. Chopey (2005) describes many benefits of adopting an established element set for cross-collection searching, metadata sharing, and integration with collections at other institutions. In addition, metadata professionals can follow a user’s manual that includes recommended best practices for data values, encoding, and guidelines for data input.

Furthermore, decisions need to be made concerning which elements in a set are designated as required, optional, and/or repeatable. Since flexibility and modularity represent fundamental principles of metadata, elements can be repeated or deemed optional (Duval et al., 2002). Extensibility is another principle of metadata that is supported by a number of schemas, including Dublin Core. Basic elements, such as Date, Description, Coverage, Format, and Relation can be extended and qualified to allow for a greater level of granularity in describing resources. For example, Description can be defined as Description-Abstract or Description-Table of Contents; Coverage as Coverage-Spatial or Coverage-Temporal; Format as Format-Extent and Format-Medium. Date and Relation elements have an extensive list of refinements. In local implementations of schemas, metadata designers can also suppress (hide) selected elements from public viewing, define elements as searchable, and select controlled vocabularies for designated elements. Fig. 5.4 provides an example of the implementation of the basic Dublin Core schema in CONTENTdm. In addition to 15 basic Dublin Core elements, CONTENTdm includes Audience. The software offers collection administrators several options for further refinement of metadata elements.

[image: image]Figure 5.4 Basic Dublin Core Metadata Template in CONTENTdm



Miller (2011) emphasizes that designing a good metadata application profile is “dependent on a solid understanding of the meaning and intended scope of the underlying metadata element set standard, such as Dublin Core or MODS; the value and use of controlled vocabularies; and issues of interoperability” (p. 252). Metadata designers need to be familiar with the meaning and usage of elements in the adopted schema in order to implement them correctly in a particular collection and to apply the schema consistently across multiple collections. A number of guides to best practices have been developed to assist digital library practitioners in metadata creation. The Colorado Digitization Program, later known as the Collaborative Digitization Program (CDP), provided one of the first guides to Dublin Core metadata best practices (CDP Metadata Working Group, 2006). The CDP guide has been widely adopted and provides a foundation for the development of many regional and institutional guidelines. Foulonneau and Riley (2008) offer a list of selected local metadata usage guidelines. Chopey (2005) outlines the multiple areas of expertise required for metadata creation in digital collections and repositories, and supplies a checklist for planning and implementing a local metadata application.

Cultural heritage institutions often find the basic set of metadata elements of established schemas insufficient or too restrictive and decide to develop local application profiles (Chopey, 2005). Customized metadata profiles with local elements are usually designed to address particular user needs, disciplinary domains, and characteristics of specific collections. Customized approaches provide more robust or modular metadata structures. Local sets of metadata elements are often designed for heterogeneous digital collections that include materials from multiple source collections or a mix of resource types and formats. However, the challenge of the customized approach is to accommodate and preserve a variety of discipline- or collection-specific metadata, while maintaining consistency across collections and metadata sharing (Attig et al., 2004; Chopey, 2005).

The process of developing a customized metadata application profile begins with adopting an existing standardized schema, such as Dublin Core, MODS, and VRA. The established schema is used as the basis for developing a local application profile where some standard elements are retained and some are extended and refined. When a new element is added, it is usually mapped to the standard schema element to enable cross-collection searching and metadata harvesting. Fig. 5.5 demonstrates an example of a customized metadata template in CONTENTdm.

[image: image]Figure 5.5 Selected Elements in the Customized Dublin Core Template in CONTENTdm



Fig. 5.5 presents a portion of the customized metadata template, which in its entirety consists of 38 elements. This metadata template was designed for a large collection of digitized historic photographs at the American Geographical Society Library, where images were derived from multiple source collections (Matusiak and Johnston, 2014). A basic Dublin Core metadata in CONTENTdm is extended for this project to include a number of refined elements, such as Relation-Is Part of and Coverage-Spatial. The elements are often repeated to provide more granular description, especially of geographic coverage. The description of geographic coverage requires special attention throughout the metadata creation process because of the nature of AGS Library’s photographic collections, which document geographic expeditions and scientific exploration around the world. The elements related to geographic location include Continent, Subcontinent, Country, Region, Province/State, City/Place, and Geographic Feature. Natural language labels, such as Photographer and Photographer’s Note are assigned to accommodate the unique nature of the collection, but all customized elements are mapped to Dublin Core elements, as indicated in the DC column.

Metadata mapping is crucial for searching across collections within a repository and for metadata harvesting to share records in aggregated environments. Elements in local application profiles need to be mapped to semantically corresponding elements in the standard schema, in order to be exposed and shared through the harvesting process. If more than one schema is involved, then interoperability is facilitated by a crosswalk, which maps elements, semantics, and syntax from one metadata schema to those of another (NISO, 2004; Woodley, 2008). Metadata designers may decide not to map some local elements if mapping creates confusion for metadata harvesting.

Adopting an established schema and modifying it to meet collection- or domain-specific requirements are two approaches for creating local application profiles. Zeng and Qin (2008) provide an overview of other models, including profiles that assemble elements from more than one schema. Most of the customized approaches retain interoperability with the original schema base through element mapping and crosswalks. Development of a local element set without reference to an existing standard is generally not recommended, as it locks metadata into a local system without opportunities for sharing and reuse. In the cultural heritage community, it violates a fundamental principle of making metadata sharable and interoperable (NISO Framework Working Group, 2007).

Finally, it is recommended to document the metadata customization process. As Miller (2011) points out, a variety of terms are used in practice for metadata schema documentation, including metadata guidelines, data dictionaries, and metadata application profiles (MAPs). The terms are used interchangeably in the context of digital libraries and usually refer to a document that defines metadata elements for each collection, as well as guidelines for implementation. A data dictionary or metadata application profile provides a list of elements for a given collection, mapping to a standard schema, data format, information about data value tools (authority files and vocabularies), and content guidelines. Many institutions create internal documents, while others choose to share their best practices. University libraries at the University of Washington provide access to their data dictionaries, a.k.a. Schemas and Metadata Application Profiles (or MAPS), at: http://www.lib.washington.edu/msd/pubcat/mig/datadicts.

Controlled vocabularies
Controlled vocabularies/data value standards are essential to the process of standardized metadata creation. While schemas offer a structural framework for building records, controlled vocabularies are a source of authoritative terms to be entered for values of certain elements, such as personal, family, or corporate names, subjects, and coverage elements. The use of controlled vocabularies ensures consistent description of resources and their attributes and enables effective information retrieval and resource discovery. Controlled vocabularies allow the identification of relationships and bring together resources created by the same person or about the same topic. The selection of vocabularies is usually determined during the metadata design and customization process and may involve more than one established controlled vocabulary tool and/or the development of local controlled vocabulary lists.

The use of controlled vocabulary systems is part of a long tradition of bibliographic description in the library world. Digital libraries have adopted the fundamental principles of authority control as well as many tools from the print environment. A controlled vocabulary is defined as “a list or database of subject terms in which all terms or phrases representing a concept are brought together. Often one of the terms or phrases is designated as the preferred term or authorized phrase to be used in metadata records in a retrieval tool” (Taylor and Joudrey, 2008, p. 334). In addition to subject terms, controlled vocabularies can include names of persons, bodies, places, objects, events, and terms for resource type, genre, and format. The term covers a wide range of tools for organizing information retrieval, but at minimum, a controlled vocabulary contains a restricted list of terms. If a metadata element is designed as controlled, only terms from the designated list may be used for entry in metadata records (Hedden, 2008).

Controlled vocabularies address ambiguities and synonymous relationships of natural language at different levels of semantic control. Three types of term relationships are identified in the controlled vocabulary (Leise, 2008):
• Equivalent that includes relations between synonyms and near synonyms—for example, railroads, trains, railways

• Hierarchical that includes relations between broader and narrower concepts—for example, transportation is a broader term (BT) in the hierarchy for railroads, while Cable railroads or Electric railroads represent narrower terms (NT)

• Associative that includes relations of terms that are conceptually related—for example, railroad tracks or railroad bridges

A distinction is made among types of controlled vocabularies because of different levels of semantic relationships (ANSI/NISO, 2005; Leise, 2008):
• Simple controlled lists of terms without any semantic relationships, such as lists of language and country codes, resource type terms, etc.

• Synonym rings that list synonymous terms

• Authority files that list synonyms but also identify a single term as the preferred term, clarifying the equivalency relationship

• Taxonomies that consist of preferred terms connected through hierarchical relationships

• Thesauri that express all three semantic relationships of equivalency, hierarchy, and association

In the context of digital libraries, all five types of controlled vocabularies can be implemented. Typically, thesauri and authority files, including subject heading lists, are used in accordance with the conventions of bibliographic description established in the cultural heritage communities. Subject heading lists are types of authority files that may also include hierarchical or associative relationships. The Library of Congress Subject Headings (LCSH) represent the most widely adopted list of terms for subject description.

Many of the tools used to assign controlled vocabularies in the digital library environment have been developed in the library and museum communities. The Library of Congress offers a number of tools, including:
• Library of Congress Name Authority File (LC NAF) as a source of authoritative data for names of persons, organizations, events, places, and titles. Available at: http://id.loc.gov/authorities/names.html

• Library of Congress Subject Headings (LCSH) that provide an extensive list of authoritative terms to cover almost all domains of human knowledge. According to Lopatin (2010), LCSH were used for subject terms in digital projects by 87% of academic libraries and 69% of nonacademic libraries.

• Library of Congress Thesaurus for Graphic Materials (LC TGM), which is one of the major thesauri for indexing visual materials. It serves as a source of vocabulary for topical terms in general subject areas and outlines all the semantic relationships among the terms. Available at: http://www.loc.gov/rr/print/tgm1/

The Getty Research Institute has developed a number of controlled vocabulary tools for the museum community. The Getty vocabularies contain controlled terminology for art, architecture, decorative arts, and other material culture, as well as archival materials. Two of the tools, the Art and Architecture Thesaurus (AAT) and the Getty Thesaurus of Geographic Names (TGN), have also been adopted broadly in the digital library environment:
• Art and Architecture Thesaurus (AAT) includes terms, descriptions, and other information for generic concepts related to art, architecture, conservation, archaeology, and other cultural heritage. Available at: http://www.getty.edu/research/tools/vocabularies/aat/index.html

• The Getty Thesaurus of Geographic Names (TGN) provides controlled terms and information for current and historical geographic places and physical features. Available at: http://www.getty.edu/research/tools/vocabularies/tgn/index.html

In addition to the Library of Congress tools and Getty vocabularies, many other general and discipline-specific subject headings and thesauri can be applied in the digital library environment, including Medical Subject Headings (MeSH), UNESCO Thesaurus, National Agricultural Thesaurus, or Iconoclass (Iconographic Classification System).

Fig. 5.6 demonstrates an example of a practical implementation of a number of controlled vocabulary tools in a digital project. It depicts a metadata record from the collection at the American Geographical Society Library based on the template presented in Fig. 5.5. The controlled vocabulary for geographic coverage elements, such as Country, State/Province, and City, is selected from the Getty Thesaurus of Geographic Names (TGN). The two subject elements are designated to capture different concepts and use different controlled vocabulary tools: Subject TGM covers topical subjects and derives terms from the LC TGM, while Subject LC indicates proper names of people and objects depicted in images and uses LCSH.

[image: image]Figure 5.6 Metadata Record from a Collection Built Using a Local Application Profile The record is available at: http://collections.lib.uwm.edu/cdm/ref/collection/tibet/id/129.



Building metadata records
Creating metadata records takes place after a metadata schema has been selected, customized, and documented. Metadata records are encoded in XML, but encoding is usually facilitated by a DLMS that provides templates for building records and generates XML automatically. The process of building records is resource intensive and requires professional staff with knowledge of metadata standards, controlled vocabulary tools, and indexing guidelines. Item-level metadata records need to be constructed for all objects in a digital collection or repository. If original items have limited descriptive information, the process of metadata creation is often accompanied by extensive research to provide accurate descriptions and consistent access points. The process of metadata creation requires:
• Determining resource characteristics

• Transcribing available descriptive information

• Conducting subject analysis

• Selecting appropriate terms from a designated controlled vocabulary tool

• Following content guidelines for data entry

• Recording administrative and preservation information

• Adhering to the established standards

Content guidelines provide directions for the level of description, capitalization, and punctuation. They also specify how to handle variant titles, initial articles, abbreviations, approximate dates, and missing or incomplete information. Metadata designers can adopt an established set of guidelines or develop local guidelines for the purpose of the project or the institutional digital library program. AACR2 general content guidelines have been widely used in bibliographic description. AACR2 is currently being replaced by RDA. DACS and CCO, are domain specific guidelines that are utilized by the archives and museum communities, respectively.

The extent of indexing depends on the type of resource and the amount of descriptive information available in the original collection. As Chopey (2005) notes, creating metadata records for digital collections requires more granular indexing than the kind of bibliographic description found in library catalogs. Archival image collections are particularly challenging because very few items will have individual annotations, and the level of consistency and accuracy of description may vary from item to item. On the other hand, monographs usually have MARC cataloging records, so the metadata process can be streamlined. In these cases, MARC-Dublin Core or MARC-MODS crosswalks can be used to automate metadata creation. An item-level metadata record details the characteristics of a digital object for the purposes of description, resource discovery, and preservation. It typically includes:
• Descriptive information

• Access points

• Contextual information

• Reference to the original item and collection

• Administrative and preservation information

Finally, metadata records need to be reviewed for quality and consistency. Ultimately, the quality of metadata and adherence to standards determine if digital objects are findable and discoverable within local digital collections, as well as in the aggregated environment of large-scale digital libraries.

User tagging
The emergence of Web 2.0 technologies has challenged the traditional approaches to description and organization of digital library materials and offered new opportunities for user engagement and knowledge contribution (Alemu et al., 2012; Matusiak, 2006; Trant, 2009). Web 2.0 emerged in 2004 and transformed the web from a static platform into a dynamic, shared information space (Ding et al., 2009). In contrast to Web 1.0, the network of hyperlinked but relatively static documents, Web 2.0 introduced a participatory and interactive model where users can contribute and actively engage with web content. Web 2.0 encompasses a wide range of web applications that enable users to share their own resources and comments on the content of others.

User tagging is particularly relevant in digital libraries, as it offers an opportunity to enhance metadata created by library professionals by introducing user language and perspective to contribute additional descriptive information (Matusiak, 2006; Trant, 2009). User tagging represents an approach to organizing content in the web environment where users create their own textual descriptors using natural language terms (tags) and share them with a community of users. This new system of organization that employs users to assign keywords to their own or shared content, has been referred to by several terms, including user tagging, social tagging, collaborative tagging, folksonomy, social classification (Hammond et al., 2005), or “metadata for the masses” (Merholz, 2004).

The potential of user-generated descriptive tags for library resources has caught the attention of the researchers and practitioners, resulting in an extensive body of literature devoted to examining the benefits of tagging and comparing tags to structured metadata (Bar-Ilan et al., 2008; Kipp, 2011; Matusiak, 2006; Petek, 2012; Pirmann, 2012; Rorissa, 2010). The main benefits include a more user-centered approach to describe resources, closer connection to users and their language, user engagement, and collaborative knowledge construction. Rorissa (2010) indicates that user tags and traditional assigned index terms have different structures. Moreover, user tags reflect users’ context and can be semantically richer than index terms. At the same time, professional indexers use controlled vocabularies and thoroughly evaluate a document to achieve higher precision when users are searching for a resource. In short, user-generated tagging is a double-edged sword. On one hand, tags are criticized for imprecision and inaccuracy; on the other hand, they are able to capture the breadth of user language. After analyzing tagging and controlled vocabulary studies, Thomas et al. (2009) emphasize that user tags can enhance controlled vocabularies by offering additional access points. Kipp (2011) concludes “tagging does not completely replace controlled vocabularies but provides an added dimension to subject access from the perspective of the end users” (p. 30).

Studies comparing user tags and user queries represent another area of research. After analyzing user tagging and user queries, Ransom and Rafferty (2011) confirm that user tagging can help the effectiveness of information retrieval. In particular, the authors find similarities between tags and search terms associated with people, objects, and location. Benoit (2014) further compares expert and novice user tags and investigates how these tags match with query terms. The results reveal that expert tags match query terms more than novice tags, while the combination of expert and novice tags shows the highest matching of query terms. Huang and Jörgensen (2013) investigate differences in tagging between digital collections and social sites, such as Flickr. In general, popular tags in Flickr describe more generic objects, while the popular tags identify more specific objects and time categories in the Library of Congress’ photostream (LCP).

Despite the advantages of engaging users with digital library resources through tagging, the applications of user-generated tags have not been widely implemented in digital libraries. According to a 2010 survey, only 9% of the academic libraries and 25% nonacademic libraries enable user-generated metadata (Lopatin, 2010). A variety of approaches have been applied to engage users with digital libraries. For example, Bainbridge et al. (2012) designed a client-facing JavaScript browser extension that allows users to edit, merge, delete, and undo metadata elements in digital libraries.

Researchers and practitioners also identify a range of challenges with user tagging (Guy and Tonkin, 2006; Macgregor and McCulloch, 2006; Matusiak, 2006; Rorissa, 2010; Thomas et al., 2010). Some of the most common issues include:
• Misspellings or unidentifiable terms

• Imprecise and unclear tags

• Uncontrolled and inconsistent tags (e.g., variations of the same tags)

• Lack of authority control (e.g., synonyms)

• Increased recall, but low precision

• Lack of collocation

In addition, Jeong (2009) discovers that a high ratio of overlap between tags and metadata elements, such as title and description, reduces the effectiveness of tagging in information organization and retrieval. Lu et al. (2010) point out that some tags are personal and subjective rather than subject related, which hinders the integration of tags into library systems. Bar-Ilan et al. (2008) compare structured and unstructured tagging in a cultural heritage collection, and they find that different interpretations of the meaning of structured elements reduce the quality of tagging.

In addition to identifying the challenges, researchers and practitioners have also offered some suggestions for overcoming the limitations of unstructured and inconsistent tags and integrating them into standardized metadata. Thomas et al. (2010) recommend a number of solutions, including providing users with guidelines for tag creation, enabling users to edit and combine tags, and linking tags to controlled vocabularies. Since both user tags and controlled vocabularies have strengths and weaknesses, researchers propose integrating controlled vocabularies and user tags in digital library systems (Pirmann, 2012; Thomas et al., 2010).

Since their inception, Web 2.0 applications are gradually becoming integrated into DLMS. Both open source and proprietary solutions, such as Omeka, CollectiveAccess, and CONTENTdm offer technical capabilities for engaging users in the tagging of digital objects, contributing comments, and sharing resources through social media. Although many digital library systems support user tagging, in practice user-generated tags remain limited. However, the institutions that expose some of their digital library resources to the general public through social media have had more success with engaging users in tagging. Flickr: The Commons was initiated as a collaborative project between Flickr and the Library of Congress to increase the visibility of cultural heritage materials and to provide a way for the general public to contribute to the description of resources (Clark, 2008). Since the launch in 2008, many other cultural heritage institutions have decided to join Flickr: The Commons to expose their collections and take advantage of user contributions (Flickr, 2015).

Linked data
The concept of linked data is associated with the Semantic Web, also referred to as the web of Data or Web 3.0. The vision of the Semantic Web goes beyond the functionality of Web 1.0 or the social interactions of Web 2.0. It aims to establish a global network of data from diverse domains, connected through semantic relationships that are not only understood by humans but can also be accessed and interpreted by computers (Berners-Lee et al., 2001; W3C, 2015a). Berners-Lee et al. (2001) envision the Semantic Web as “an extension of the current web in which information is given well-defined meaning, better enabling computers and people to work in cooperation” (p. 28). The ultimate goal is to use computing capabilities to enhance discovery of the related information, share and reuse data in the open web environment, and enrich knowledge through linking data among multiple domains. In order to make the Semantic Web a reality, data need to be open, structured, and connected through a set of standards and technologies that not only process the data but also build meaningful links among different data sets (W3C, 2015b; Yoose and Perkins, 2013). The collection of interrelated datasets on the web, referred to as linked data, is at the heart of the Semantic Web (W3C, 2015b).

Linked data rely on a stack of technologies to establish semantic relationships and publish interrelated data sets, but it is not a specific standard or technology. It is often described as a set of best practices for the publication of structured data on the web (Bizer et al., 2009; Van Hooland and Verborgh, 2014). RDF (Resource Description Framework) provides a conceptual data model for establishing relationships and representing linked information on the web. The underlying practices and technologies for developing linked data or transforming existing metadata into linked data sets are still evolving. It is an emergent field with a growing number of standards and open source tools for encoding, publishing, and retrieving linked data.

Linked data encompass all types of structured data that can be interlinked, published openly on the web, and searched through semantic queries. Increasingly, the concept is gaining attention in the library world because of its potential to address the limitations of the current metadata practices and to move library metadata from its storage silo in library systems and databases to the open web (Coyle, 2012; W3C, 2011). Singer (2009) describes problems with the quality of metadata and the isolation of library information systems in an article advocating for the adoption of linked data:


We have silo sitting next to silo, with much duplication of data; arcane, inefficient, and sometimes completely broken methods of determining that two records are describing the same thing; and very little control over relating one resource in one system to another in a completely different application (even if these serve a similar purpose), much less data available outside the institution (p. 114).



While Singer’s description may appear overly critical, it does point to a fundamental issue that remains largely unresolved despite significant efforts to improve interoperability, federated searching, and metadata harvesting. Library bibliographic and digital collection metadata, stored in separate databases, are poorly connected within the library information landscape. The separation of library systems from the open web represents an even more critical issue. The wealth of library metadata is not easily accessible to search engines requiring users to search individual catalogs, digital collections, and repositories. As the authors of The Library Linked Data Incubator Group Final Report note, although library databases do have searchable interfaces, library data are not integrated with web resources (W3C, 2011).

Metadata interoperability standards were developed to address the issues of resource discovery and sharing in the digital library field. The presence of multiple metadata standards and customized approaches, however, hinders interoperability and metadata harvesting in distributed environments. As Van Hooland and Verborgh (2014) point out, even if the institutions adopt metadata standards, they often implement them in a different way to accommodate the specific nature of their collections. Metadata harvesting also results in some information loss when rich metadata records are reduced to basic Dublin Core elements. The disadvantage of federated searching is the lack of granularity and the inability to support advanced queries. Lampert and Southwick (2013) note that aggregated collections “lose the richness of their original metadata when added to systems designed to enhance discovery,” and cite this shortcoming as one of the reasons for embracing linked data (p. 236).

Discussions of linked data in library literature usually begin by pointing out the need for a new approach to metadata structuring and outlining the potential benefits of transforming library metadata into linked data (Alemu et al., 2012; Byrne and Goddard, 2010; Coyle, 2012; Lampert and Southwick, 2013; Mitchell, 2013a; Singer, 2009). The focus is primarily on breaking the walls surrounding library resources, exposing rich library metadata, and connecting them to related information on the web. Byrne and Goddard (2010) list a common format for all data in the linked data environment as one of the major benefits that can improve the interoperability and integration of library systems. Significant advantages of the linked data approach over current metadata practices for multiple library stakeholders are outlined in The Library Linked Data Incubator Group Final Report (W3C, 2011).

Exposing library metadata via the open web requires fundamental restructuring of data models and a radically different approach to recording metadata (Mitchell, 2013a; Van Hooland and Verborgh, 2014). The current metadata practices in the digital library field rely primarily on relational or XML data models with a central concept of a record governed by a schema. Metadata records, following the legacy of MARC, have a flat structure, in which all metadata statements about an object’s properties (title, author, subject, etc.) are contained in a single record. Metadata schemas, such as Dublin Core or MODS, are more flexible and extensible than MARC; nonetheless they remain static, constrained by the concept of a record. Metadata sharing between different collections and domains requires the mapping of metadata elements and the adherence to a common schema. XML represents a significant step toward automatic sharing of data as it provides a standardized syntax for the exchange of structured data (Van Hooland and Verborgh, 2014). The sharing of XML-based metadata in practice, however, can be difficult because of the reliance on schema structures. RDF, the data model underlying linked data, offers greater flexibility since it moves away from a record structure and it doesn’t require a schema to interpret and reuse data.

Linked data model and technologies
Linked data represent a radical shift in the way structured data can be created to express information about resources. Instead of a record-based model governed by a schema, it focuses on smaller chunks of meaningful metadata that can be linked and queried. In this environment, metadata statements, rather than records, represent a basic unit of metadata. This approach for structuring data is schema-neutral, but it does use a range of standardized vocabularies to define classes and properties of resources and the relationships between them (Van Hooland and Verborgh, 2014). RDF provides a data model for making simple statements and connecting them in a series. The process of developing or transforming existing metadata into linked data is based on a set of principles and relies on a number of technologies and tools. Mitchell (2013b) provides an overview of five building blocks of linked data:
1. RDF data model for structuring statements

2. Content rules

3. RDF-compatible metadata schemas and vocabularies

4. Serialization formats for encoding RDF statements

5. Technologies for publishing and exchanging linked data, including the SPARQL protocol

A full description of linked data technologies is outside of the scope of this chapter. The focus of the following section is primarily on the conceptual aspects of data modeling.

RDF provides a foundation for building linked data. It is an abstract data model used to express and interlink meaningful pieces of information and to represent them on the web. RDF offers a common framework in which information can be exchanged between applications without losing the meaning (Working Group, 2014). RDF statements are constructed as triples and consist of subjects, objects, and predicates. Any resource (subject) can have a relationship (predicate) to another resource (object). Resources can be conceptual, physical, or digital. Objects are used to express descriptions of resources (subjects), while predicates specify how the subjects and objects are related (Fig. 5.7 for a visual representation of an RDF triple). The model is flexible so that objects can become subjects in another series of statements. This simple syntax can be used to capture statements about resources. For example, for a digital image that shows a nomadic woman in Tibet (Fig. 5.8), several statements can be created, as demonstrated in Table 5.4.

[image: image]Figure 5.7 The Structure of an RDF Triple



[image: image]Figure 5.8 Nomadic Tibetan Woman with Fur Hat in Tibetan Plateau The Dublin Core metadata record available at: http://collections.lib.uwm.edu/cdm/ref/collection/tibet/id/1013.



Table 5.4

Statements about a Digital Image of Nomadic Tibetan Woman, Digital ID fr203647




	Subject
	Predicate
	Object





	Digital image fr203647
	hasTitle
	Nomadic Tibetan woman with fur hat in Tibetan Plateau



	Digital image fr203647
	hasCreator
	Harrison Forman



	Digital image fr203647
	hasSubject
	Nomads



	Digital image fr203647
	hasSubject
	Tibet Autonomous Region (China)–Social life and customs






Multiple statements, corresponding to the elements and their values in the metadata record, can be made about this image. The RDF statements also allow a more granular level of description. Another series of statements could be constructed about an original film negative to make a distinction between the analog image (physical object) and its digital representation, thus disambiguating what is being described. Moreover, the flexible nature of the RDF model allows expansion of relationships and their connections to external resources. For example, the photographer Harrison Forman is also the author of a book, Through Forbidden Tibet: An Adventure into the Unknown. Published in 1935, this book provides an account of Forman’s travels through Tibet, as well as useful context for his photographic record. If a series of statements is constructed about the book Through Forbidden Tibet, the digital collection metadata and bibliographic data can be connected. Table 5.5 presents a sample of RDF statements about the book.

Table 5.5

Statements About a Book, Through Forbidden Tibet, LC Control Number 35025394




	Subject
	Predicate
	Object





	Book LCCN 35025394
	hasTitle
	Through Forbidden Tibet: An Adventure into the Unknown




	Book LCCN 35025394
	hasCreator
	Harrison Forman



	Book LCCN 35025394
	hasSubject
	Tibet Autonomous Region (China)–Social life and customs






The digital image fr203647 and the book LCCN 35025394 can be linked through the RDF statements. The two resources can be further interconnected through a subject relationship: “Tibet Autonomous Region (China)—Social life and customs.” RDF enables the creation of multiple statements about a resource. RDF triples are connected in a series of statements (serialization). Serialization is the process of expressing RDF triples/statements in a machine-processable syntax such as RDF-XML, Turtle, JSON-LD, etc. The RDF statements in Table 5.4 and Table 5.5 outline a few basic semantic relationships using natural language statements, but the real strength of linked data is in expressing the relationships through Uniform Resource Identifiers (URIs) so that the resources can be linked and queried on the web.

The URI identifies the name and/or location of a file or resource in a uniform format. The use of URIs for the identification of resources, their values, and relationships is part of the core principles of linked data formulated by Tim Berners-Lee (2006):
1. Use URIs as names for things

2. Use HTTP URIs so that people can look up those names

3. When someone looks up a URI, provide useful information, using the standards (RDF, SPARQL)

4. Include links to other URIs so that they can discover more things

The use of globally shared URIs is a fundamental concept of linked data. The URIs can be used to identify unambiguously any kind of object or concept. URI-based statements facilitate the building of complex relationships using external standards and vocabularies. Various linked open data vocabularies (LOVs) can be used as a source of URIs. It is recommended to reuse existing URIs available through linked data sources if possible (Bizer et al., 2009; Mitchell, 2013b; W3C, 2011). In some cases, URIs are locally assigned, for unique resources or locally controlled vocabulary terms (Lampert and Southwick, 2013; Southwick, 2015).

LOVs represent another major building block in the process of constructing and transforming existing metadata into linked data (Mitchell, 2013b). LOV is an umbrella term that encompasses a range of schemas and ontologies as well as value vocabularies. Ontologies are semantic models of the things, entities, or concepts that exist in a specific knowledge domain. The Web Ontology Language (OWL) is a full-fledged ontology language for developing ontologies and LOVs. The Resource Description Framework Schema (RDFS) is a basic level ontology language for defining relationships. Semantic Web data modeling standards such as OWL and RDFS share some similarities with traditional knowledge organization systems, but also differ from them in several fundamental respects, especially in that they are designed to allow for semantic querying and machine processing (Miller, 2015).

Schemas define classes and properties for linked data, while value vocabularies are a source of URIs for resources and their values. In the context of digital libraries many traditional metadata schemas and controlled vocabularies are being adopted for the linked data environment and transformed following the specifications provided by semantic data models, such as RDFS. A distinction can be made between:
• Metadata element sets published as RDF vocabularies. Several digital library metadata schemas have been defined as RDF vocabularies, with Dublin Core being the most frequently used. The Dublin Core Metadata Initiative (DCMI) has put significant efforts into adopting the Dublin Core Element Set for implementation in the linked data environment (DCMI, 2015b). All Dublin Core terms that conform to the DCMI Abstract Model are assigned a unique URI that provides a vocabulary for expressing relationships in RDF.

• Value vocabularies include authority files, taxonomies, subject headings, thesauri, and classification systems that have assigned unique URIs to their entries. A number of controlled vocabularies maintained by the Library of Congress and the Getty Research Institute have been made available in the linked data format (Library of Congress, 2015d; Getty Research Institute, 2015). Another example of a published linked data vocabulary is Virtual International Authority File (VIAF), developed as a collaborative project of several national libraries. DBpedia, one of the largest repositories of linked data vocabulary, was created by extracting structured information from Wikipedia (Dbpedia, 2015). Several cultural heritage institutions use Dbpedia as a source of vocabulary in their linked data projects (Pattuelli and Rubinow, 2013; Southwick, 2015).

As is the case with standard schemas and controlled vocabularies, a variety of linked open vocabularies are available, requiring the selection of appropriate tools during the implementation process. The example explored in this chapter demonstrates how several LOVs are used to assign URIs to statements. Table 5.6 shows several sets of RDF statements constructed for a digital image fr203647 and expressed as URIs, while Table 5.7 presents a set of triples for the book.

Table 5.6

Statements for a Digital Image fr203647 Expressed as URIs




	Subject
	Predicate
	Object





	http://collections.lib.uwm.edu/ProvidedCHO/fr203647a
	
http://purl.org/dc/elements/1.1/title

	Nomadic Tibetan woman with fur hat in Tibetan Plateau



	
http://collections.lib.uwm.edu/ProvidedCHO/fr203647

	
http://purl.org/dc/elements/1.1/creator

	
http://id.loc.gov/authorities/names/n88172344




	
http://collections.lib.uwm.edu/ProvidedCHO/fr203647

	
http://purl.org/dc/elements/1.1/subject

	
http://id.loc.gov/vocabulary/graphicMaterials/tgm007097




	
http://collections.lib.uwm.edu/ProvidedCHO/fr203647

	
http://purl.org/dc/elements/1.1/subject

	
http://id.loc.gov/authorities/subjects/sh2008117270





a The URI for the subject (digital image fr203647) is fictional since this object in the UWM Digital Collections does not have a persistent URI. The reference URL available for the object <http://collections.lib.uwm.edu/cdm/ref/collection/tibet/id/1013> is generated by CONTENTdm and is software dependent.



Table 5.7

Statements about a Book, Through Forbidden Tibet, Expressed as URIs




	Subject
	Predicate
	Object





	
http://lccn.loc.gov/35025394

	
http://purl.org/dc/elements/1.1/title

	Through Forbidden Tibet: An Adventure into the Unknown




	
http://lccn.loc.gov/35025394

	
http://purl.org/dc/elements/1.1/creator

	
http://id.loc.gov/authorities/names/n88172344




	
http://lccn.loc.gov/35025394

	
http://purl.org/dc/elements/1.1/subject

	
http://id.loc.gov/authorities/subjects/sh2008117270







The predicate terms (title, creator, and subject) have URIs assigned from the Dublin Core RDF-compatible vocabulary. The Library of Congress linked data sets: LC Authority File, Thesaurus for Graphic Materials, and LC Subject Headings are sources of URIs for creator and subject values. Title is the only element that has literal value because it is unique and does not belong to a controlled vocabulary.

Table 5.7 shows a sample of triples for Forman’s book. The URI to represent this book uniquely (subject) is assigned by following the Library of Congress permalink. Again, title is the only element that has a literal value. The use of URIs for identifying resources uniquely, expressing relationships, and recording values, represents a significant departure from the digital library practices where so far metadata has been recorded as natural language descriptions and controlled vocabulary terms encoded as text.

The RDF data model and URIs provide a foundation for creating semantic relationships and constructing unambiguous links. An additional set of tools or “building blocks” is needed to encode and publish linked data sets so they can be processed by computers and rendered in formats usable and accessible to end users. Ultimately, linked data sets need to be presented through interfaces supporting semantic queries. RDF statements have to be encoded in a machine-readable syntax or serialization format in order to be stored and queried. It is beyond the scope of this chapter to review the rather complex stack of linked data technologies, but it is worth mentioning that several serialization formats are currently available. Mitchell (2013b) provides an overview of commonly used formats, including RDF/XML, RDF Notation-3/N3, Turtle, RDFa, and JSON-LD. Finally, a variety of tools is used to support the storage and exchange of linked data. SPARQL (SPARQL Protocol and RDF Query Language) is a W3C recommendation that provides a set of specifications to govern the query structure and a protocol for querying and exchanging data (Mitchell, 2013b).

Linked data and digital libraries
Linked data represent an emergent but rapidly growing area in digital library research and practice, with innovative and collaborative projects in the cultural heritage community. The emphasis of digital library efforts is on open data free of copyright restrictions with the term “linked open data” (LOD) frequently used in the library, archives, and museum (LAM) community. Although linked data technically do not need to be open in order to be interoperable, opening data increases the potential of linked data technology and makes data sharable and reusable (W3C, 2011). Opening data means providing the data freely, without copyright or other rights restrictions. LODLAM is an acronym for Linked Open Data in Libraries, Archives, and Museums that refers to an informal network of scholars and practitioners engaged in the research and implementation of linked data technology in digital collections and repositories (LODLAM, 2015). The focus of digital library research and practice activities is on transforming library metadata into LOD and developing LOV.

In the context of digital libraries, adopting linked data requires a transformation of the existing schemas, controlled vocabulary tools, and record-based metadata sets into linked data formats. Although linked data represents a new approach to data modeling and recording metadata, it also builds upon the existing digital library schemas and vocabularies (Alemu et al., 2012; Yoose and Perkins, 2013). The foundational Library Linked Data Incubator Group Final Report (W3C, 2011) provides a set of recommendations for moving forward with the process of transforming library metadata into linked data. The key recommendations are:
• Identifying sets of data as possible candidates for early exposure as linked data and fostering a discussion about open data and rights

• Increasing library participation in Semantic Web standardization and developing library data standards that are compatible with linked data

• Creating URIs for the items in library datasets, developing policies for managing RDF vocabularies and their URIs, and expressing library data by reusing or mapping to existing linked data vocabularies

• Preserving linked data element sets and value vocabularies and applying library experience in the curating and long-term preservation of linked datasets

The authors of the Report recommend an incremental approach, noting that an effort to expose the complexity of library data as linked data all at once could be disruptive and “have limited success” (W3C, 2011, Section 4.1.1). However, some library tools, such as authority files, subject headings, and thesauri, lend themselves easily to publication as linked data. As mentioned before, several controlled vocabulary tools maintained by the Library of Congress and the Getty Research Institute have been released as LOVs in recent years (Library of Congress, 2015d; Getty Research Institute, 2015).

The transformation of metadata records in digital collections and repositories into linked data sets represents a major undertaking. Again, the process has been moving gradually from prototypes and research experiments into practical implementations. Linked data projects range from the national and large-scale digital library initiatives to smaller efforts undertaken by individual cultural heritage institutions. The number of publications and case studies documenting the process and sharing lessons in linked data development, although still limited, is growing (Hatop, 2013; Lampert and Southwick, 2013; Mitchell, 2013c; Pattuelli and Rubinow, 2013; Pattuelli et al., 2013; Southwick, 2015). Van Hooland and Verborgh (2014) provide a number of case studies in their book Linked Data for Libraries, Archives and Museums, while Yoose and Perkins (2013) review major LOD projects and initiatives undertaken in the library, archives, and museum communities, including SNAC (Social Networks and Archival Context Project), LOCAH (the Linked Open Copac and Archive Hub Project), and a linked data project at the Smithsonian American Art Museum. Europeana and the Digital Public Library of America (DPLA), two large-scale digital libraries and metadata aggregation platforms, are actively engaged in linked data by promoting open metadata and providing a range of linked open data resources and services (Mitchell, 2013c). Europeana and the DPLA are discussed in more detail in Chapter 1 and Chapter 11.

Several researchers stress that libraries are uniquely positioned to adopt linked data because of a strong tradition of standardization, the use of controlled vocabularies, and some experience in interoperability (Bair, 2013; Byrne and Goddard, 2010; Coyle, 2012). On the other hand, the use of library-specific standards, the disparity between the library and Semantic Web terminology, the lack of unique URIs for most library resources, and finally the complexity of linked data technology pose significant obstacles to a widespread adoption of linked data in the library world (Alemu et al., 2012; Byrne and Goddard, 2010; W3C, 2011). Byrne and Goddard (2010) note that most of the barriers are of a nontechnical nature and identify the lack of awareness as a fundamental challenge for the development of linked data in libraries.

Metadata in digital libraries seems to be at a crossroads after two decades of intensive standardization and development. Linked open data offer an opportunity to integrate digital library objects with other library resources and make them more visible on the web but also requires a significant restructuring of existing metadata sets. The two models of record-based metadata and RDF-modeled linked data may coexist for a while in the digital library universe, but the current metadata practices can also be adopted in preparation for moving metadata into linked open data formats with closer attention to metadata quality, schema mapping, and a standardized assignment of unique URIs to digital library objects. As awareness in the professional community and practical experience in developing LOD increase, the body of linked metadata sets will grow, transcending the barriers between the current digital library systems and the open web.
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Chapter 6

Digital library management systems
Abstract
This chapter presents both theoretical and practical perspectives on developing and selecting digital library management systems (DLMS). It presents research on architectural models of digital library systems and discusses functionality, interoperability, and other design requirements. Furthermore, it provides an overview of the current landscape of DLMS. It discusses the open source versus proprietary systems dilemma and reviews a number of DLMS. currently used in practice. Finally, it presents research on developing evaluation criteria and selecting open source DLMS.
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Introduction
The design of systems for management and delivery of digital library content is an interdisciplinary area where research on digital libraries intersects with software development, database management, information retrieval, and human-computer interaction. Digital library management systems (DLMS) share some similarities with web content management systems but are also different because of the required support for digital library standards, especially in regard to information organization and interoperability. DLMS represent a specialized category of software systems that integrate functionality for building, managing, storing, providing access to, and preserving digital objects and collections. They are part of a broader category of digital asset management systems that are used in practice for acquisition, indexing, storage, management, preservation, and delivery of digital objects. In a distributed digital library environment, DLMS also provide platforms for aggregating digital content and metadata.

The concept of DLMS is used here according to the definition proposed in the DELOS Manifesto as “a generic software system that provides the appropriate software infrastructure both to produce and administer a Digital Library System incorporating the suite of functionality considered foundational for Digital Libraries and to integrate additional software offering more refined, specialized, or advanced functionality” (Candela et al., 2007b). The DELOS Manifesto makes a distinction between a digital library system (DLS) and a DLMS. A DLS offers functionality for a particular digital library, including support for end user interactions. A DLMS provides a platform for producing and administering digital collections and services by ensuring essential functionality and incorporating additional software components for more refined and advanced features (Tramboo et al., 2012). DLMS enable an instantiation and management of digital collections and services that become part of a centralized or distributed DLS.

The design of DLMS has been an area of active development since the early days of digital libraries and has included efforts to provide conceptual models as well as platform solutions. Many of the early systems were custom-built, designed for single projects in order to meet the needs of a particular community (Suleman and Fox, 2001). The late 1990s saw the development of the first architectural models for repositories and the emergence of the dedicated content management systems for cultural heritage digital collections. Greenstone was released as open source software and has been widely adopted throughout the world. CONTENTdm became a popular choice in the category of proprietary software among the US public and academic libraries. Early 2000s marked the construction of the first digital repositories for scholarly publication with EPrints developed at the University of Southampton, UK, and DSpace and Fedora released in the United States. Currently, there are number of open source systems and commercial software packages available for building digital library systems and meeting the needs and requirements of specific communities. Many organizations, however, especially those building large-scale systems such as Europeana, HathiTrust, or National Science Digital Library (NSDL) have developed custom platforms (Concordia et al., 2010; Henry, 2012). In recent years, libraries and archives have been migrating from the first generation of open source or proprietary software, such as DSpace or CONTENTdm toward more robust and scalable open source solutions (Gilbert and Mobley, 2013; Stein and Thompson, 2015). The new generation of DLMS is comprised of several open source technologies and often integrate Fedora with other customizable platforms, such as Hydra and Islandora (Awre and Cramer, 2012; Cramer and Kott, 2010; Moses and Stapelfeldt, 2013).

The terminology of DLMS and DLS is used according to the DELOS Manifesto (Candela et al., 2007b). However, it is important to note that other terms are also used for DLMS, including digital content management systems (Han, 2004), digital collection management systems (Zhang and Gourley, 2009), repository platforms (Henry, 2012), or digital asset management systems (Breeding, 2013;  2015; Kaplan, 2009; Stein and Thompson, 2015). The term “digital asset management system” is being used widely and often interchangeably with DLMS. In practice, its usage is broad and often encompasses a wide range of software, including digital collection systems (e.g., CONTENTdm, Omeka), repositories (e.g., DSpace, Fedora, Digital Commons), digital preservation systems (e.g., Rosetta, Preservica), discovery layers (e.g., Blacklight), or even databases, such as FileMaker Pro (Stein and Thompson, 2015).

This chapter presents both theoretical and practical perspectives on developing and implementing DLMS. The focus of the review is primarily on software systems designated for building and managing digital objects and collections and on multifunctional open source repository systems. Digital repositories designed for providing long-term preservation of digital content are covered in the chapter on digital preservation (Chapter 9). This distinction is not always clear as increasingly new systems are designed to meet both preservation and access needs. The second generation of DLMS addresses the challenge of maintaining separate systems for access and preservation and offers multipurpose repository systems (Awre, 2012; Awre and Cramer, 2012; Cramer and Kott, 2010).

Design and architecture of digital library systems
The complexity of DLS as information systems is widely acknowledged (Candela et al., 2007b; Chowdhury and Chowdhury, 2003; Concordia et al., 2010; Henry, 2012). DLS serve diverse groups of users from scientific, educational, archives, and museum communities. They provide access to scholarly publications, data sets, archival documents, and cultural heritage objects in multiple formats and languages that are described by a variety of metadata standards. Obviously, there is no single, universal software system that could meet the needs of all user communities and support the variety of data types and metadata schemas. In addition to user requirements and functionality, the design of a DLMS has to address the technical aspects of system reliability, scalability, and sustainability. Most digital libraries are created independently by content holders in research, library, archives, and museum communities using a range of standards and software solutions. Interoperability has become one of the most important issues in the development of digital libraries. The goal of interoperability is to enable the exchange of data between independent digital libraries and to provide services for easier discovery and interaction with digital library resources in the network environment (Arms et al., 2002).

The initial systems were often built “from scratch” or incorporated existing software components but offered limited modularity and interoperability. Early DLMS were standalone systems and had typical features of the system-centered design, which meant they were difficult to install, customize, or configure (Ioannidis et al., 2005). Some researchers argue that the lack of common definitions and conceptual frameworks led to such ad hoc system development and hindered interoperability (Candela et al., 2010; Gonçalves et al., 2008).

The large-scale digital libraries that have emerged in recent years pose new challenges for interoperability and system reliability, scalability, and sustainability (Henry, 2012). The aggregation of content and services can take place on consortial, regional, national, or international levels. These large-scale digital library systems are built either as centralized aggregators of content, metadata, and services or use a distributed network of content and service hubs with a service layer to facilitate access to harvested metadata and links to objects. HathiTrust is an example of a centralized model, while Europeana, the Digital Library of America, and the National Science Digital Library represent large-scale distributed systems.

The first two decades of digital library research efforts have concentrated on defining the components of digital library systems, delineating the relationships among them, and developing conceptual models that would enable interoperation between individual DLS. This section provides an overview of the research surrounding digital library architectural models, reviews functionality and other system requirements, and discusses interoperability approaches.

Architectural models
The concept of architecture in the context of digital library systems refers to “a consistent and comprehensive set of software components necessary for a DLS and the interaction between them” (Candela et al., 2007a, p. 23). An architectural model serves as a starting point and a conceptual framework for designing flexible and interoperable systems. It is an abstract framework for identifying components and describing the relationships among them, usually independent of specific standards, technology, and implementations. The goal of an architectural model is to provide a set of common basic elements and to serve as a blueprint for an integration of subelements supporting specialized functionality (Candela et al., 2007a).

The research community has proposed several models of digital library architecture of various levels of complexity. Three core components can be identified across the frameworks, although the names of the components often vary (Candela et al., 2010; Suleman, 2012):
• Data store (also referred to as content files, data repository, or archive)

• Metadata registry (also referred to as metadata catalog, metadata store, or index)

• A set of services (e.g., index, store, manage, copy, authorize, etc.)

The separation of digital content from the structured information describing it (metadata) is a fundamental principle of digital library architectural models. A data store contains digital content files in a variety of formats and structures, such as images, audio, text files, or complex structures consisting of multiple files. A metadata registry includes associated metadata to identify stored content files and to provide information about their properties and context. The two components represent the system’s repository and interact with each other through a range of services, such as submit, index, store, manage, copy, authorize, retrieve, import, export, etc. This generic model identifies only the core components and services to assure basic digital library functionality. The core components can have subcomponents that provide specialized functionality. For example, metadata store can include a selection of controlled vocabulary tools and metadata schemas. Models of open, component-based architecture provide a framework for creating and managing large distributed digital libraries.

The foundational research on architecture of digital library systems took place in the mid-1990s. In their seminal work, (Kahn and Wilensky, 2006) propose a reference model of open architecture that envisions an interoperation of multiple repositories and supports distributed digital information services. They define the concepts of digital objects, unique identifiers (handles), and repositories, and specify the method for depositing and accessing digital objects in repositories. Based on the work of Kahn and Wilensky, Arms (1995) outlines general principles and elements of digital library architecture, including the separation of the underlying architecture from the content stored in the library, names and identifiers as building blocks of digital libraries, and the concepts of digital objects and repositories.

Researchers at the Cornell Digital Library Research Group have advanced the concepts of open architecture through the development of a protocol for distributed document libraries (Dienst) and a component-based digital library architecture called CRADDL—Cornell Reference Architecture for Distributed Digital Libraries (Davis and Lagoze, 2000; Lagoze and Fielding, 1998). CRADDL identifies a set of core components of a digital library infrastructure, such as repository, index, naming, collection, and defines the interactions between them (Lagoze and Fielding, 1998). The functionality of CRADDL is defined in terms of five core services:
• The repository service that provides the mechanism for the deposit, storage, and access to digital objects

• The naming service that provides a registry of unique names for identifying digital objects

• The index service that includes information about digital objects or sets and the mechanism for their discovery via query

• The collection service that provides a method of aggregating digital objects and services into meaningful collections

• User interface services or gateways that provide entry points for collection creators and administrators to build and manage collections and for end users to search and access objects in collections

Lagoze and Fielding (1998) highlight the open architecture of this model, and note that other services can be added to enhance the core functions. The authors focus on the collection services, selection criteria, and specifications for administering collections and the dynamic nature of collections that allows for the possibility of a single object to belong to multiple collections.

The introduction of the Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) has presented new possibilities for the interoperation among standalone digital library systems and prompted the development of new architectural models. Using OAI-PMH as a foundation, Suleman and Fox (2001) propose a framework for building open digital libraries. The model combines the capabilities of OAI-PMH as a protocol to transfer metadata with the concept of extended services and local open archives as self-contained but interoperable components. Open digital libraries are envisioned as a network of components or building blocks (open archives) with data providers sharing metadata through a union catalog and providing extended services through a common interface, such as search, browse, and recommend. The researchers provide examples of successful implementation of this model, including the Networked Digital Library Theses and Dissertations project at Virginia Tech (Suleman et al., 2003).

The component-oriented approach is proposed for large-scale digital libraries serving more than one community and whose requirements may evolve over time. The Digital Library System Reference Architecture was developed by the DELOS Network of Excellence on Digital Libraries to provide a framework for cooperative and distributed development of European digital library systems. This model presents digital library architecture as a modular and flexible structure of components and layers (Candela et al., 2007a). It identifies the core components and their subsystems; for example, the information component consists of subcomponents of data files (Archive), metadata, and controlled vocabulary tools, such as thesauri and ontology. The layers organize the components according to functionality. This model assumes easy design through component selection and replacement, sharing and reuse of components in different contexts, distributed installation and maintenance, and easy support for component modification or addition. The proposed reference model, although designed specifically for the digital library community, utilizes many concepts from computing and demonstrates that digital library system design is truly an interdisciplinary endeavor.

The design of digital library systems has been informed by architectural models in computing, especially service-oriented architecture (SOA) (Henry, 2012; Suleman, 2005;  2012). SOA is a relatively new model of software construction where tasks and services are subdivided and performed by independent components that interact with each other through standard interfaces and communication protocols (Suleman, 2005). SOA supports reusability, subtraction, and substitution of components and services and offers a potential for the development of evolving and expanding digital library systems. Suleman (2005), however, notes that, as of 2005, very few open source systems, including Greenstone, EPrints, or DSpace, applied SOA design principles.

Fedora (Flexible Extensible Digital Object Repository Architecture) represents a reference model for DLMS that is based on SOA. Fedora was originally developed by researchers at Cornell University as an architecture framework for storing, managing, and accessing digital content (Payette and Lagoze, 1998; Payette et al., 1999). Fedora’s open architectural model was inspired by Kahn and Wilensky’s work on digital objects. The concept of a digital object is a fundamental block of Fedora’s architecture. Its object model supports many kinds of digital content including documents, images, e-books, multimedia learning objects, datasets, and other complex objects (Lagoze et al., 2006; Payette and Lagoze, 1998). In addition to defining digital objects, Fedora also provides a theoretical foundation for repository architecture focusing on extensibility and interoperability. Payette and Lagoze (1998) outline the key features of the architecture:
• Support for heterogeneous data types

• Accommodation of new types as they emerge

• Aggregation of mixed, possibly distributed, data into complex objects

• The ability to specify multiple content disseminations of these objects

• The ability to associate rights management schemes with these disseminations (Payette and Lagoze, 1998)

The Fedora reference model also identifies a set of core functions, including (1) repository services for depositing, storing, and accessing digital objects; (2) index services for discovering digital objects; (3) collection services that provide the means of aggregating sets of digital objects and services into meaningful collections; (4) naming services that register and resolve globally unique, persistent names for digital objects; and (5) user interface services that provide a human gateway into the other services (Payette and Lagoze, 1998). Fedora offers a highly flexible architecture of relationships among digital objects and an ability to extend its components and integrate new services.

The prototype digital library system using the Fedora architecture was built in 2000 at the University of Virginia Library (Staples et al., 2003). The first version of Fedora open source software (Fedora 1.0) was released to the public in 2003. Since then, Fedora has been adopted by more than three hundred institutions worldwide (Fedora, 2015). Because of its open and flexible architecture, Fedora is used as a framework for a variety of digital library systems, including digital collections, institutional repositories, digital preservation systems, and large-scale distributed digital library networks. Fedora provides a foundation for the new generation of multifunctional platforms, including those built with Hydra or Islandora (Awre and Cramer, 2012; Cramer and Kott, 2010; Jettka and Stein, 2014; Kent, 2014; Moses and Stapelfeldt, 2013). Fedora, as an open source software, is supported by an active community of users under the stewardship of DuraSpace, a nonprofit organization (Fedora, 2015). Fedora 4.0.0 was released in 2014. The implementation of Fedora software is discussed further in the section on open source repository systems.

Functionality and other system requirements
Designing DLMS is an extremely challenging task, as it requires the integration of architectural models, technologies, and standards. It begins with a conceptual model but also involves a range of technologies, standards, and applications. It is a combination of those elements that contributes to a flexible and usable system design and provides the required functionality for creating, managing, and using a digital library.

Functionality refers to system’s capabilities in building and managing digital libraries and providing end user support. Functionality is expressed in terms of services and is often divided into fundamental and value-added services (Gonçalves et al., 2008). The set of core functions relates to object- and collection-building, managing, disseminating, and/or preservation capabilities (Gonçalves et al., 2008; Zhang and Gourley, 2009). Researchers sometimes distinguish preservation services from those focused on content creation and management (Gonçalves et al., 2008), but since many systems integrate preservation and access services, the following list includes preservation in the core functions:
• Creation of digital objects and collections, which includes ingesting and/or processing of digitally-born or digitized materials and associated metadata records; creation of collections of objects based on predefined selection criteria

• Management, which involves adding, modifying, and deleting objects; management of user rights and permissions

• Access, which includes indexing, searching, browsing, and harvesting services plus presentation of objects and collections through a web interface and tools for user interaction

• Preservation, which includes services to store and manage digital objects and archival master files

Although preservation is recognized as a core function, it needs to be noted that many systems, especially those focused on building digital heritage collections, separate access and preservation activities. In practice, preservation is often managed by an archival information system, such as a dedicated digital preservation repository, or “dark archive,” that may or may not be integrated with a primary access DLMS. An example of an integrated DLMS and archival information system is OCLC CONTENTdm, where licensed users have an option of depositing their digital master files in the OCLC Digital Archive. Many institutional repositories built with open source systems, such as DSpace or Fedora, represent hybrid, multifunctional environments with various levels of access and preservation functions. HathiTrust is an example of a custom-built system that provides both access and preservation services to its partner institutions.

In addition to core functions, DLMS can provide a wide range of advanced and/or value-added services. Some of the services, although not included in the core, are critical to building digital libraries and maintaining them over time. For example, Export service is a function of the system that provides a means of retrieving objects and/or metadata and depositing them outside of the system. Export function becomes critical when institutions decide to migrate to a different platform. There is no comprehensive list of digital library services, although some efforts have been undertaken to define services based on theoretical models. Using the 5S framework, Gonçalves et al. (2008) provide a list of services and their informal definitions, from annotating to recommending, translating, and visualizing.

Value-added services can include additional functionality, such as page turners, high-resolution image viewers, integration of thesauri, visualization tools, geo-tagging, social tagging, etc. Tools for visualization of search results are particularly useful in large-scale digital libraries. Europeana and the DPLA offer timeline and map views of their results. The expansion of functionality is enabled by modular architecture and the use of open application programming interfaces (APIs) or plug-ins. APIs provide powerful tools for integrating the components of DLMS (Zhang and Gourley, 2009). The DPLA has also opened its data and API to external software developers, researchers, and others to create novel environments for learning, tools for discovery, and engaging apps. Plug-ins are software components that add new functionality to an application. The open source Omeka system, for example, provides an array of plug-ins to expand its basic functionality in creating digital collections and exhibits.

DLMS serve two primary groups of users: (1) digital library content providers, designers, and administrators, who produce and manage digital library collections and systems, and (2) digital library end users, who search, browse, and interact with digital objects and collections. DLMS need to support complex tasks and workflows of both groups through two separate user interfaces. Fig. 6.1 demonstrates an administrative interface in the open source system, Omeka, where administrators can configure the site, add and edit items, create metadata records, group items in collections, and customize the end user interface. Fig. 6.2 provides an example of an end user interface for a digital collection created in the Omeka system. The collection of documents from the Laura Hershey Collection, a disability rights activist, was built by a group of library and information science graduate students at the University of Denver. The simple interface allows end users not only to search and browse items in the digital collection but also to share objects through a variety of social media and to contribute their own materials to the collection. As demonstrated in the Omeka example, open source software enables relatively easy development of new services to enhance the system’s functionality while simultaneously leveraging the contributions of the user community.

[image: image]Figure 6.1 Administrative Interface in Omeka



[image: image]Figure 6.2 End user Interface for a Digital Collection Built in the Omeka System
The collection is available at: http://laurahershey.omeka.net/.



Functionality is a key requirement of DLMS, as it supports content creation, management, and user access. In addition, there is also a range of related system features and capabilities that impact system performance, user satisfaction, maintenance, and the ability to interact with other digital library systems. The most important capabilities are outlined as:
• Extensibility relates to a system’s capabilities of adding new components and services to accommodate the continuous expansion of digital libraries and to incorporate new technological solutions. Models of open and modular architecture that are being gradually adopted in digital library environments support system flexibility and extensibility (Suleman, 2012; Yeh et al., 2009).

• Reliability is a measure of system performance and relates to hardware and software failures and errors. Reliability of servers can be addressed by redundant configurations (Henry, 2012; Zhang and Gourley, 2009). Reliability decreases in a distributed large-scale digital library environment where it is more challenging to monitor systems of local content providers. Centralized large-scale digital libraries, such as HathiTrust or World Digital Library, have more control over content and the availability of the overall system.

• Scalability refers to a system’s ability to accommodate (1) the expansion of content in the terms of the growing number and/or size of objects and collections and (2) an increasing number of users. Zhang and Gourley (2009) point out that scalability refers to the entire system: hardware, network, and software. In large-scale distributed digital library systems, scalability needs to address the growing number of content and service providers joining the network.

• Sustainability refers to a system’s ability to provide robust management of collections and services over time. Henry (2012) notes that one needs to think of system sustainability not only in terms of hardware and software but also of the entire organization responsible for creating, managing, and maintaining the DLS over time.

Reliability, scalability, and sustainability relate to overall system performance and represent important factors influencing users’ perceptions and acceptance of the system. Interoperability is a less visible but nonetheless important feature, as it offers the potential for independent digital libraries to cooperate and share content with a wider audience.

Interoperability
Interoperability refers to a system’s ability to communicate with other digital library systems using standard protocols in order to exchange data. Interoperability has many aspects including uniform naming, metadata formats, document models, and access protocols (Lagoze and Van de Sompel, 2001). It has been recognized as a critical problem and a fundamental challenge since the early days of digital library development (Arms, 2000; Paepcke et al., 1998). The goal of interoperability is to build a set of services for users “from components that are technically different and managed by different organizations” (Arms et al., 2002). The challenge lies in heterogeneous content, multiple data formats, different protocols, and the variety of metadata schemas used by individual organizations. Establishing an interoperability framework is not only a technical but also organizational issue, as it requires a variety of content providers to cooperate and agree on common standards.

Three basic approaches have been identified in the “spectrum of interoperability” with different levels of engagement from content providers (Arms et al., 2002):
• Federation provides the strongest form of interoperability, but it also places the highest demands on the participating institutions. It requires that content providers agree that their services will conform to certain specifications. Federation is a well-established form of exchanging data in the library world. Examples of federated services include the sharing of online catalog records using Z39.50 protocol or metasearching of multiple journal databases.

• Harvesting represents a less rigorous approach. Participating institutions have to agree to expose and share their data, but they don’t have to adopt a formal set of agreements.

• Gathering represents the least demanding approach for content providers. Resources openly available on the web are gathered by web crawlers, and no formal agreement may be necessary between organizations holding digital content and a digital library service provider collecting it.

Digital library service providers may select one of the approaches or a combination thereof in an effort to aggregate metadata and/or content from multiple independently operated libraries or other content providers.

Metadata harvesting with the OAI-PMH has become the most widely adopted solution to interoperability in the digital library environment. Metadata harvesting provides a model of interoperability where participating content providers agree to expose and share their metadata. The exposure of metadata allows other organizations to harvest it, aggregate it, and provide access services. Users can search across the body of aggregated metadata and link to digital objects held by original content providers. The transfer of metadata is defined by the OAI-PMH, a protocol that is easy to adopt and implement. The researchers involved in developing the OAI-PMH standard note that this low-barrier approach has contributed to its widespread adoption (Lagoze and Van de Sompel, 2003). The idea of developing a metadata harvesting standard originated in the scientific community, which was interested in a more efficient dissemination of scholarly publications (Lagoze and Van de Sompel, 2001). However, once OAI-PMH was proposed, it has been quickly accepted by digital libraries across domains and by a wide range of communities including cultural heritage organizations.

The OAI-PMH provides an interoperability framework based on metadata harvesting (Open Archives Initiative, 2002). It distinguishes between two classes of participants:
• Data providers adopt the OAI technical framework, and agree to open their servers for metadata harvesting.

• Services providers harvest metadata by employing the OAI protocol, and use the aggregated metadata as the basis for providing access services to users.

OAI-PMH uses basic Dublin Core as a common element set and requires data providers to expose metadata in that format, which poses a number of challenges for organizations using different metadata schemas. The issues of semantic interoperability and cross-walks are discussed in the chapter on Metadata (Chapter 5). From the perspective of DLMS, it is important to examine the system’s support of interoperability and compliance with OAI-PMH. Most of the currently available DLMS from open source software to proprietary systems support OAI-PMH as metadata transfer protocol.

OAI-PMH was introduced in its first version in 2001. The second version, OAI-PMH 2.0, was released in 2002. Open Archives Initiative, a nonprofit organization dedicated to developing and promoting interoperability standards, is responsible for the maintenance of OAI-PMH (Open Archives Initiative, 2015). It also maintains Object Reuse and Exchange (OAI-ORE), a standard for the description and exchange of aggregations of web resources.

OAI-PMH provides a foundation for connecting independently operated digital libraries and the creation of service providers on multiple levels. The following example illustrates the multilayered interconnectivity of content and service providers. The Mountain West Digital Library, a regional aggregator, harvests metadata from multiple digital library systems in the western US and provides an interface for cross-collection searching. Moreover, a regional service provider, like the Mountain West Digital Library, also exposes the aggregated metadata for harvesting, becoming a de facto data provider for a larger entity like the DPLA. In the decade since its release, OAI-PMH has enabled the formation of large national and international distributed digital library systems, such as the DPLA, Europeana, and NSDL, and the significance of this standard in the evolution of digital libraries cannot be overstated.

Current landscape of DLMS
The exponential growth of digital libraries and their evolution from single, standalone projects to large-scale systems has increased the demands for developing flexible and interoperable DLMS. Two decades of research and development efforts have resulted in a diversified DLMS landscape with multiple open source solutions, proprietary software, and custom-built systems. The new generation of repositories often includes Fedora as a framework and a stack of other open source technologies. The array of choices reflects a variety of perspectives on managing and delivering digital content as well as different user requirements in regard to the functionality and technical support. Large-scale digital library systems present an impressive assemblage of records, but it is worth remembering that the actual digital content building takes place on the ground in a variety of organizations, from large research institutions to academic or public libraries, archives, historical societies, and museums. These organizations have different requirements and traditions of organizing, managing, and preserving content and provide varying levels of technical support. Large research institutions often choose to develop their own platforms, utilizing open architectural models, digital library standards, and a stack of open source technologies. However, smaller institutions that don’t have the support of programmers and technical staff turn to open source or proprietary software packages that are easy to install and manage.

The diversification of DLMS is also reflected in a growing number of systems that provide specialized functionality and are developed specifically to manage certain types of digital content and/or serve different user communities. The distinctions among systems are not always clear, but a number of specialized platforms have emerged from digital repositories in academic communities to systems dedicated to managing digital heritage collections in libraries, archives, and museum settings.

Digital repositories serve primarily as platforms for preserving and providing open access to scientific papers and other forms of scholarly output, but they are also used for hosting digital heritage collections. The Open Access (OA) movement has spurred the growth of systems for open dissemination of scholarly publications including repositories and e-publishing solutions. Many digital repositories have been developed with open source software, including DSpace, EPrints, and Fedora, but there are also hosted licensed systems available in this category, such as Digital Commons, available from bepress. DigiTool provided by Ex Libris, which is an example of proprietary software used for both institutional repositories and digital collections. Open Journal Systems (OJS) represents an open source e-publishing system that provides support not only for depositing scholarly papers but also for their management through peer review and editorial processes (Public Knowledge Project, 2015).

DLMS for building digital collections of cultural heritage materials represent a distinct category because of requirements for managing and presenting heterogeneous multimedia content as well as support for digitization workflows. A wide range of options are available for cultural heritage institutions and include well-established platforms like open source Greenstone and proprietary CONTENTdm or LUNA. There is also a growing number of open source solutions including CollectiveAccess, Collection Space, and Omeka that are used by the members of the LAM (libraries, archives, and museums) community. In addition, open-source repository systems, such as DSpace, Fedora, Hydra, and Islandora are used for hosting digital collections.

The museum community has a different tradition of organizing and presenting materials from libraries or archives and requires dedicated systems to manage its unique workflows and to present digital representations of artifacts through an exhibit function. Large museum organizations often select dedicated proprietary systems that provide capabilities for managing large-scale collections and support for workflows in managing and curating objects. Museum proprietary systems include Proficio, provided by Re:discovery Software and the EMu (Electronic Museum), developed by KE Software.

The current landscape presents many alternatives and types of DLMS with new solutions continuously being added, especially in the open source category. The results of recent surveys demonstrate a wide range of systems being implemented in practice for institutional repositories and digital collections. Andro et al. (2012) compared the features and functionality of ten DLMS used in France and internationally. The authors identified Invenio, Greenstone, DSpace, Omeka, EPrints, and ORI-OAI in the open source category and, for proprietary software, DigitTool, CONTENTdm, and two products used primarily in France: Mnesys and Yoolib (Andro et al., 2012). Moulaison et al. (2015) conducted a nationwide survey among US-based repositories registered with the Directory of Open Access Repositories (OpenDOAR) and found that DSpace was the most common system used for open repositories, followed by Digital Commons (bepress), Fedora, ExLibris DigiTool, Hydra, Islandora, Omeka, and CONTENTdm. Stein and Thompson (2015) surveyed institutions migrating from old digital asset management systems to new platforms. Since the category of digital asset management systems is broad, the list of software identified in this study was more varied. Among the top currently used systems that the survey participants considered abandoning were two proprietary systems, ExLibris DigiTool and CONTENTdm, and one open source system, DSpace. Stein and Thompson (2015) noticed a trend in the migration pattern where institutions were more often than not moving away from proprietary systems towards open source solutions. A desire for more local control was cited by respondents as a primary reason for this migration. Islandora and Hydra were identified as the top choices that institutions were selecting as their new open source platforms.

It is impossible to review all available options within the limits of this chapter. There is also the risk of the information becoming outdated quickly, a risk inherent in any type of discussion about digital technology. The following section compares the benefits and limitations of open source versus proprietary software, and provides a brief review of selected systems. The focus of this review is on software systems used for building and managing digital collections and on multipurpose systems that are used for institutional repositories and digital collections. Platforms in the category of digital repositories that serve primarily preservation functions are discussed in the chapter on digital preservation (Chapter 9). Finally, this chapter concludes with a brief overview of approaches to the selection of DLMS.

Open source versus proprietary software
Open source software refers to any software that provides free distribution and redistribution as well as access to source code. The Open Source Initiative defines open source software as “software that can be freely used, changed, and shared (in modified or unmodified form) by anyone” (Open Source Initiative, 2015, para. 4). The code source is available under a GNU public license, which allows developers to modify and redistribute it. As Goh et al. (2006) note, open source is different from freeware in that it is freely released but without licenses for modification and redistribution. Shareware, on the other hand, is free only for a limited period of time. The availability of the source code represents a great potential for modifications, improvements, and further software development. Sustainability of open source software, however, requires an active developer community.

Researchers point out a natural affiliation between the open source movement and the library world because of libraries’ long history dealing with licensed content, a tradition of sharing and collaboration, and positive perceptions of open source software (Krishnamurthy, 2008; Palmer and Choi, 2014; Payne and Singh, 2010; Rafiq, 2009). Librarians not only select open source software for library applications but also are becoming active participants in its development (Fox, 2006; Payne and Singh, 2010; Samuels and Griffy, 2012). Some of the benefits of open source software for DL applications include:
• Low cost of implementation, which is particularly important because of shrinking library budgets

• Ability to modify software and adapt to meet specific user needs

• Ability to improve functionality of the software

• Institutional autonomy and freedom of commercial licensure

• Support of a large user community

However, open source software has its limitations. A recent study identified some challenges for adopting open source software in libraries, including:
• The need for highly skilled staff that could provide support for the open source system

• Poor documentation

• The need for additional training or expertise

• Substandard development practices (Thacker and Knutson, 2015)

Open source solutions lack the formal technical support and training offered by commercial vendors. Adopting open source software requires a commitment to invest time and resources in learning the software and maintaining it, which can slow down the actual digital library project. Samuels and Griffy (2012) state that the economic benefits of low initial costs can be canceled out by expenses involved in trouble-shooting and learning cumbersome workflows. The authors recommend considering “total cost of ownership,” which includes not only the initial investment but also direct and indirect costs throughout the entire software lifecycle. The study, examining the cost of operating institutional repositories, found almost no difference between annual operating expenses for institutions that use open source software and institutions that use proprietary solutions (Burns et al., 2013).

Proprietary software packages offer relatively easy solutions for building and managing digital collections, but this ease-of-use often has a price tag to match. Proprietary DLMS are sold or licensed without access to the software code and with restrictions on how the system may be modified. The license may have provisions for the number of software instances, the size of collections, and/or the number of collections. In addition to the license cost, institutions are also required to pay an annual maintenance fee, which guarantees access to upgrades and documentation. Ease of installation and use, documentation, technical support, system stability, and integrated functionality represent clear benefits of proprietary digital library software. The cost and limited opportunity for customization are the obvious disadvantages.

The decision to adopt open source software or purchase proprietary software for building and managing digital collections is quite complex and requires the consideration of multiple factors. Institutions need to weigh the benefits and costs, evaluate and test potential candidates, and select the solution that meets the organizational needs and user requirements. As mentioned before, there is a general trend for libraries to select open source solutions, but there are also some institutions that choose to migrate to proprietary systems after using open source for several years (Corbett et al., 2016).

The following section provides a brief overview of currently available open source and proprietary DLMS and compares some of their features. The focus of the review is primarily on software used for building digital collections. Open source repository software, including DSpace, Fedora, Hydra, and Islandora are presented separately. It is difficult to compare these systems to the “out-of-the-box” software because of their unique structure, the requirements for additional development of the interface layer, and the integration of other open source solutions on top of the repository platform. The DLMS reviewed below are in the “turnkey” category of systems that are relatively easy to install and manage. In addition, several of the programs like CONTENTdm, LUNA, and Omeka offer hosted solutions, making collection building possible for small institutions with limited access to servers. The selected systems are well established and widely adopted by their designated user communities. The selection criteria for systems included in this section are: (1) a minimum of five years of development and use, and (2) a user base with a minimum of 100 active institutional users. Obviously, there are more than six DLMS that meet these criteria, but the limitations of this chapter dictate reducing the number. In addition, an attempt was made to present DLMS used in a variety of cultural heritage institutions, including archives and museums. The review of the systems is by no means comprehensive, nor is it meant to serve as a recommendation or evaluation. The goal of the review is purely informative and meant to provide a description of a sample of DLMS in open source and proprietary categories.

Open source systems
CollectiveAccess (http://www.collectiveaccess.org/) is an open source content management system designed for cataloging, managing, and publishing museum and archival collections. It is also increasingly used by libraries, nonprofit organizations, private collectors, artist studios, and performing arts organizations (CollectiveAccess, 2015). The software was created in 2006 by Whirl-i-gig, a software development and consulting company, and was released to the public under the open source GNU Public License in 2007. It has been adopted by a variety of cultural institutions including archives, historical societies, libraries, and museums. CollectiveAccess provides users with highly configurable features including integrated metadata standards and controlled vocabularies, batch uploading of a variety of file formats, and customizable interfaces. The range of supported audio, video, and multimedia formats is impressive and probably one of the reasons why this software has been adopted by several film archives. The system includes two modules: Providence, the backend cataloging application and Pawtucket, the public-access interface. Both modules can be customized to obtain additional functionality. CollectiveAccess takes a flexible, cooperative approach to metadata standards, allowing users to import and share a variety of standards from user-contributed installation profiles (CollectiveAccess, 2015). It supports Dublin Core, PBCore, and VRA Core, as well as several archival and museum metadata standards including CDWA, CCO, DACS, and DarwinCore. The software also provides multilingual support in seven languages. Fig. 6.3 demonstrates an example of a bilingual German/English collection of photographs and videos of the fall of the Berlin Wall and German reunification. This software is highly configurable, but does require some customization and programming knowledge. Support is provided through a user forum and a wiki available to all institutional users.

[image: image]Figure 6.3 Wir waren so frei—Built in CollectiveAccess by the Deutsche Kinemathek
The collection is available at: http://www.wir-waren-so-frei.de.



Greenstone (http://www.greenstone.org/) represents the first generation of digital library software, but it has been upgraded several times and is actively used throughout the world. It was developed at the University of Waikato, New Zealand, in 1997, and became available as open source software under the GNU General Public License in 1998 (Witten and Bainbridge, 2003). It has been distributed in cooperation with UNESCO and the Human Info NGO in Belgium. Greenstone provides capabilities to create fully searchable collections of documents, books, photographs, newspapers, audio (mp3 files), and video. It supports the Dublin Core metadata standard (both unqualified and qualified). In addition, plug-ins can be used to ingest externally prepared metadata in different formats. Most collections are distributed on the web, but several collections of documents with humanitarian information have been produced on CD-ROM for distribution in developing countries (Witten, 2008).

Greenstone has a strong international and humanitarian focus and has been used as a platform for building digital collections representing indigenous cultures and social and environmental issues such as community development, poverty, sustainability, globalization, etc. (see Fig. 6.4 for a collection of UNESCO documents built in Greenstone). Multilingual support is one of Greenstone’s strengths. For many years, Greenstone was the only digital library software providing Unicode support and the capability to process and display documents in non-Latin characters (Matusiak and Myagmar, 2009). Greenstone is one of the most widely adopted DLMS worldwide, with collections in more than 50 languages.

[image: image]Figure 6.4 UNESCO Collection of Documents Documenting Social Science Research of the MOST Programme Built with Greenstone Software
UNESCO MOST Digital Library is available at: http://digital-library.unesco.org/shs/most/gsdl/cgi-bin/library?c=most&a=p&p=about.



Omeka (http://omeka.org/) (hosted version: http://www.omeka.net/) provides a lightweight solution to building digital projects for cultural institutions and individuals. Omeka was created by the Center for History and New Media at George Mason University in 2008. It is designed with non-IT specialists in mind to offer the opportunity to create digital collections and exhibits to those with limited infrastructure and/or technical skills (Omeka, 2015a). Omeka offers an easy-to-use platform to small archives and museums as well as to scholars and students in digital humanities and education. Fig. 6.5 provides an example of a digital history project created in Omeka by the Center for History and New Media in partnership with the Gulag Museum in Perm and the International Memorial Society in Russia. Users can choose to install an Omeka instance on their own servers from omeka.org, or they can use a hosted account with omeka.net. The installed version can be enhanced with the addition of plug-ins and has fewer customization restrictions than the omeka.net version. Omeka.net, however, provides an option of building digital collections to institutions and individuals who do not have access to the servers. As the documentation on the Omeka site indicates, the software has been adopted to teaching digital history, English, and library science courses (Omeka, 2015b). Fig. 6.2 provides an example of a digital collection built by graduate students.

[image: image]Figure 6.5 Gulag: Many Days, Many Lives
The project is available at: http://gulaghistory.org/.



Omeka accepts most formats for text, image, audio, and video files including jpg, jp2, PDF, mp3, mp4, and tif. The file size in the hosted version is restricted to 64 MB. The support of metadata standards is limited to basic Dublin Core. Some digital collection builders feel restricted by the limited fields in unqualified Dublin Core and the lack of the metadata template customizations (Kucsma et al., 2010). The “out-of-the-box” software provides very basic functionality, which can be expanded by the use of plug-ins. A selection of plug-ins is available for downloading to expand collection-building functions and to incorporate Web 2.0 tools. In addition to building objects and collections, Omeka offers capabilities for designing exhibits. The exhibit plug-in is one of the strengths of Omeka. The software is used sometimes as the digital exhibition platform in conjunction with other DLMS (Gilbert and Mobley, 2013).

Proprietary systems
CONTENTdm (http://www.oclc.org/en-US/contentdm.html) represents one of the first proprietary content management systems dedicated to building digital collections. This Windows-based software package was developed at the University of Washington in the late 1990s, and eventually acquired by OCLC (Zick, 2009). It was originally designed as an image management system, but through subsequent upgrades, the software has offered support for compound objects, PDFs, and streaming of audio and video (see Fig. 6.6 for an example of a video collection). The software is licensed to participating institutions with a variety of license options and levels that depend on the size of collections. A hosted version is available for an additional fee (OCLC, 2015). CONTENTdm is intended to be scalable, enabling institutions to upgrade license levels as they increase capacity. CONTENTdm has been adopted by a wide range of cultural heritage institutions, from large academic libraries to smaller public libraries and archives. OCLC provides an entry-level hosted version to OCLC FirstSearch subscribers at no additional charge. OCLC members can take advantage of CONTENTdm’s integration with Connexion cataloging tool and harvesting services through WorldCat Digital Collection Gateway. The software provides a wide range of services for streamlined digital collection building with metadata template customization, batch upload of content files and metadata, and automated creation of derivatives. Interface customization is limited, although users can make some changes through the CONTENTdm API.

[image: image]Figure 6.6 A Video Clip of Martin Luther King, Jr., Speech
The collection was built at the University of Wisconsin-Milwaukee Libraries with CONTENTdm software. The record is available at: http://collections.lib.uwm.edu/cdm/ref/collection/wtmj/id/49.



KE EMu (http://www.kesoftware.com/) is an electronic museum content management system developed by the KE company based in Melbourne, Australia. The software is designed primarily for the museum market to manage internal workflows and to provide a platform for building and presenting digital collections online. The software has a diverse user base from small to large museums including American Museum of Natural History, National Museum of Australia, and National Museum of the American Indian (see Fig. 6.7 for an example of the implementation of EMu). EMu is designed to facilitate multiple functionalities with modules for collection management, cataloging, interpretation, and online publishing. The collection management module is designated to record object details and to track activities, such as exhibitions, loans, and acquisitions. The module is compliant with SPECTRUM, a guide to good practice for museum documentation. The software supports Dublin Core and Darwin Core and integrates a number of controlled vocabulary tools. EMu allows for the customization of metadata fields so that the fields match the discipline and attributes of the object (KE Software, 2015). EMu also provides an interpretation module for capturing experts’ knowledge and presenting a collection within a cultural, historical, or scientific context. Digital objects and their online publication are managed with a digital asset management module. With a highly modular structure, strong support of multiple media formats, and several metadata standards, EMu provides a powerful tool for managing unique museum workflows and building online collections. The licensing structure depends on the number of concurrent users, types, and sizes of legacy databases that need to be converted, and training required.

[image: image]Figure 6.7 The National Museum of the American Indian Use of EMu Software
The record is available at: http://www.nmai.si.edu/searchcollections/item.aspx?irn=15330&hl=443.



LUNA software is produced and licensed by Luna Imaging, Inc., a company formed with support from the J. Paul Getty Trust and Eastman Kodak Company. In addition to maintaining and supporting the software, Luna Imaging, Inc., also provides imaging and consulting services to cultural heritage institutions. LUNA software is primarily used for managing and presenting visual collections, although it is capable of managing other types of content as well, including text, audio, and video. However, its powerful image viewer with zoom and pan capabilities makes is particularly suitable for presenting high-resolution visuals, such as art images, maps, or medical and scientific imagery (see Fig. 6.8 for an example of a map from the David Rumsey Collection). The software provides additional tools to annotate images, export to PowerPoint, and create dynamic presentations and slide shows. Because of its strong capabilities in presenting high-resolution images and integrating with presentations software, LUNA has been adopted by museums and academic libraries with visual collections. As of November 2015, Luna Imaging offered a site license for installing the software on the local server and a hosted version, Luna Solo, for smaller institutions and individuals. The hosted option requires an annual fee and allows 100 GB of data (Luna Imaging, 2015). The software provides some Web 2.0 tools, including integration with Flickr images.

[image: image]Figure 6.8 A High-Resolution Map Image in the David Rumsey Map Collection Built with LUNA Software
Available at: http://www.davidrumsey.com/luna/servlet/s/163gby.



Table 6.1 provides a summary of selected features of the reviewed DLMS based on openly available documentation. The review was conducted in 2014 and updated in 2015; it captures the features of the systems at that time. It is very likely that the systems will evolve and add new functionality in the future. The comparison in Table 6.1 focuses on a small number of core functionality related to content creation.

Table 6.1

Comparison of Selected Features of Open Source and Proprietary DLMS




	Features
	Open Source
	Proprietary



	Collective Access
	Greenstone
	Omeka
	CONTENTdm
	EMu
	LUNA





	File formats
	jpg, jp2, PDF, mp3, mp4, tiff, plus many audio and video formatsa
	jpeg, PDF, gif, jif, tiff, mp3, mpeg, midi, and others
	jpg, jp2, PDF, mp3, mp4, tiff, and others
	jpg, jp2, PDF, mp3, mp4, tiff,
	jpg, PDF, avi, wav, mpeg, and others
	jpg, PDF, png, gif, bmp,mp3, tiff, flv



	File conversion
	√
	U
	N/A
	√
	√
	√



	Batch upload of files
	√
	√
	√
	√
	√
	√



	Batch upload of metadata
	√
	√
	√
	√
	√
	√



	Metadata schemas
	Dublin Core, Darwin Core, and archival and museum standardsb
	Dublin Core
	Dublin Core
	Dublin Core, VRA Core, EAD, METS
	Dublin Core, Darwin Core, XMP, IPTC
	Dublin Core



	Metadata template customization
	√
	√
	N/A
	√
	√
	√



	Controlled vocabulary
	AAT, TGN, GeoNames, LCSH, your own vocabulary
	N/A
	LCSH, your own vocabulary
	AAT, TGM, TGN, ULAN, CSH, your own vocabulary, and more
	AAT, LCSH, TGN, ULAN, many others, your own vocabulary
	Your own vocabulary



	Persistent object identifier
	N/A
	N/A
	N/A
	√
	U
	√



	Allow multiple collections
	√
	√
	√
	√
	√
	√



	Global update of metadata
	√
	U
	N/A
	√
	√
	√



	Multilingual support
	√
	√
	√
	√
	√
	√



	High-resolution
Image Viewer

	√
	N/A
	N/A
	√
	√
	√



	Interoperability
	OAI-PMH
	OAI-PMH, Z39.50
	OAI-PMH
	OAI-PMH, Z39.50
	OAI-PMH, Z39.50
	OAI-PMH



	Platform
	Windows, Unix/Linux, Mac OS-X
	Windows, Unix/Linux, Mac OS-X, FreeBSD
	Windows, Unix/Linux, Mac OS-X
	Windows, Unix/Linux
	Windows, Unix/Linux, Mac OS-X
	Windows Unix/Linux, Solaris



	Hosted platform
	N/A
	N/A
	√
	√
	N/A
	√






[image: ]



U, unknown; NA, not available/applicable.

a For a complete list of formats, see: http://docs.collectiveaccess.org/wiki/Supported_Media_File_Formats.

b For a complete list of supported metadata standards, see: http://docs.collectiveaccess.org/wiki/Metadata_Standards.



Table 6.2 examines a handful of Web 2.0 features and visualization tools. It is by no means a comprehensive comparison, as it does not address the functionality related to content management, discovery, presentation, user interface, or administration. Nonetheless, the tables provide a snapshot of differences and similarities between currently available open source and proprietary DLMS, and to a certain extent between early systems like Greenstone or CONTENTdm and the next generation of DLMS, such as CollectiveAccess or Omeka.

Table 6.2

Web 2.0 Features and Visualization Tools of Selected Open Source and Proprietary DLMS




	Features
	Open Source
	Proprietary



	Collective Access
	Greenstone
	Omeka
	CONTENTdm
	EMu
	LUNA





	
Web 2.0 Features and Visualization Tools





	Geo-referencing
	√
	N/A
	√
	N/A
	√
	√



	Visualization tools
	√
	N/A
	√
	N/A
	√
	√



	Social media sharing
	√
	N/A
	√
	√
	N/A
	√



	User tagging
	√
	N/A
	N/A (only those logged in can tag, public users cannot)
	√
	N/A
	N/A



	User contribution
	√
	N/A
	√
	N/A
	N/A
	√






[image: ]



NA, not available/applicable.



As Tables 6.1 and 6.2 demonstrate, there is no single system that will provide all features (even if the list is narrowed to one category, such as content creation and ingest). In fact, this small-scale comparison reveals considerable differences between the systems in both open source and proprietary categories. All systems support Dublin Core and OAI-PMH, but beyond basic Dublin Core, options for selecting other schemas and customizing metadata templates vary. CollectiveAccess offers the largest selection of metadata standards, but at the same time it requires more technical skills in configuring the system. Open source DLMS, like CollectiveAccess or Omeka, provide support for the widest range of file formats, especially in audio, video, and multimedia, but all reviewed systems support at least one standard audio and video file format. The biggest difference between newer open source systems and proprietary software is in the integration of Web 2.0 tools for sharing objects through social media, user tagging, and user contribution. The generation of DLMS developed in the open source culture of collaboration and sharing, such as CollectiveAccess or Omeka, are much better at integrating Web 2.0 features into their systems.

The systems reviewed in this section focus primarily on providing access to digital cultural heritage content from libraries, archives, and museums. The functionality is centered on managing and ingesting digital objects, their discovery, and online delivery. Long-term preservation of digital assets, especially of master files, is typically not supported in digital collection software. Thus, institutions need to purchase or build separate digital preservation systems, and integrate them with digital collection platforms. In addition, institutions may need to maintain digital repositories to provide access and preservation of open access scholarly publications and research data. The multitude of systems creates a complex environment with challenges in streamlining operations and providing integrated services and discovery experiences.

Open source repository systems
Digital repositories are multifunctional information systems that support a wide range of digital curation activities, including content management, submission, ingesting, storing, discovery, access, and preservation (Rieger, 2007). The first digital repository systems were developed in the early 2000s to enable open access to scholarly publications. In support of scholarly communication and open access, repositories were designed to provide an infrastructure and services for capturing and managing open access scholarly publications and electronic dissertations and theses. Digital repositories are a key component of the Open Access (OA) movement (Swan, 2012). Repositories provide access to intellectual output of an institution or in a specific discipline. Institutional repositories represent the most common type (OpenDOAR, 2015). Lynch (2003) defines institutional digital repositories as “a set of services that a university offers to the members of its community for the management and dissemination of digital materials created by the institution and its community members” (p. 328). Early repository software, such as DSpace and EPrints were developed to support self-deposits of open access scholarly publications and to enable resource discovery and retrieval in the open web environment. The first generation of open-source repository systems was designed primarily as open access publication databases with limited support for other types of digital objects and services (Fay, 2010).

The content and roles of digital repositories, however, have become more diversified with time. In addition to providing open access to scholarly articles and dissertations and theses, repositories began to host diverse content of digitized archival and special collections, geospatial data, research data, audiovisual materials, and complex multimedia objects. In the case of institutions participating in the Google Book Project, institutional repositories also serve as preservation systems for master copies of digitized books (Cramer and Kott, 2010). Rieger (2007) outlines a long list of repository roles. The top purposes include:
• Enable digital asset management

• Offer preservation services

• Provide institutional visibility

• Support learning, teaching, and research

• Facilitate discovery of content

• Enable reuse and repurposing of content

Increasingly, repositories are also seen as platforms for curating faculty’s digital scholarship and supporting access, preservation, and reuse of digital assets created or collected by faculty as part of their research and teaching activities. Digital repositories that aggregate diverse content are especially valuable for research and instruction (Kutay, 2014).

Digital preservation has emerged as an equally important goal as access for repository systems. The challenges, strategies, and technologies for preserving born digital and digitized objects are described in more detail in chapter on digital preservation (Chapter 9). Digital repositories are discussed there in terms of providing preservation services. As mentioned before, the early repository systems, such as EPrints and DSpace, offer limited support for digital preservation. The need for more robust preservation services is cited as one of the reasons for migrating from the early generation repository software toward newer and more versatile systems (Cramer and Kott, 2010).

The new generation of open source repository systems addresses the limitations of the early repositories by offering stronger support for features essential to digital preservation. The emerging open source solutions also address the challenge of maintaining more than one system in support of institutional curatorial processes. The new systems serve multiple purposes and offer multiple functions with user interface for deposit, description, discovery, and retrieval of digital content as well as a range of specialized functions to make deposited assets available over the long term. Adherence to digital preservation standards and integration of tools, such as checksums and format validation applications, ensure integrity, authenticity, and reusability of digital objects (Awre and Cramer, 2012; Cramer and Kott, 2010; Kent, 2014). Fig. 6.9 demonstrates a multipurpose model of the Stanford Digital Repository (SDR) with three distinct yet integrated areas: (1) management, (2) discovery and delivery, and (3) preservation.

[image: image]Figure 6.9 Model of the Stanford University Digital Repository System with Three Main Spheres: Management, Preservation, and Access (Cramer and Kott, 2010)



The new repository serving the Stanford University community is designed to accommodate diverse content and serve multiple functions. It is based on modular architecture and constructed with multiple open source technologies, including Fedora as an object management framework (Cramer and Kott, 2010). More recently, Stanford joined the Hydra Project and incorporated Hydra into a suite of the repository technologies (Awre and Cramer, 2012).

The emerging generation of multipurpose repository systems adopts modular architecture and integrates a suite of open source applications. As outlined by Fay (2010), modular architecture allows:
• Independence of functional components

• A separation of digital objects from particular software installations

• An iterative approach to developing capacity in different functional areas

• Flexible design according to evolving demands and requirements

Modular architecture and the integration of several open source components enable customization and ensure flexibility and extensibility.

The following section reviews four open source repository systems: DSpace, Fedora, Hydra, and Islandora. DSpace and Fedora are listed in the survey research as widely used repository systems (Moulaison et al., 2015; Stein and Thompson, 2015). DSpace is an example of the early repository software. Fedora is central to the digital library development not only as an architectural model but also as a software used in many operational repositories, and a foundation for the new repository systems. Hydra and Islandora represent the new generation of DLMS.

DSpace (http://www.dspace.org/) is one of the first open source repository solutions supporting not only the dissemination of scholarly publications but also the access to digital collections. It was developed under the leadership of the Massachusetts Institute of Technology (MIT) and in collaboration with the Hewlett Packard Corporation. Since its release in 2002, DSpace has been widely adopted and is used by over 1000 institutions worldwide (DSpace, 2015; OpenDOAR, 2015). Its usage accounts for 43% repositories registered with the Directory of Open Access Repositories (OpenDOAR, 2015). Currently, DSpace is supported by a community of users and maintained through DuraSpace (DSpace, 2015).

DSpace supports Dublin Core metadata standard but does not include other metadata schemas. It is compliant with the OAI-PMH interoperability standard (Smith et al., 2003). Metadata may be entered by end users as they submit content, or it might be derived from other metadata as part of an ingest process (Tramboo et al., 2012). It uses a handle system for identifiers. The software is relatively easy to install and customizable. However, some limitations of its early architecture are noticed especially in comparison to Fedora. Fay (2010) compared DSpace, EPrints, and Fedora. The author identified a number of DSpace disadvantages, including its monolithic and restrictive data model, limited support for complex objects and digitized collections, lack of support for identifier schemas, and the lack of attention to preservation storage. The limited support of DSpace for preservation services was also found in another comparative study (Madalli et al., 2012).

Fedora (http://fedorarepository.org/) has emerged as one of the most versatile solutions among open source digital repositories. Built on the Fedora flexible and extensible architecture, the repository software supports a wide range of applications including institutional repositories, electronic records archives, e-publishing, trusted repositories for digital preservation, digital collections, and distributed digital libraries (Lagoze et al., 2006). In comparison to DSpace and EPrints, Fedora supports a wider range of objects and multiple metadata schemas and can be customized to local requirements (Fay, 2010). Fedora offers a flexible data model and a robust repository but requires additional tools to build an interface layer. Fedora requires significant local development in order to achieve any useful functionality (Fay, 2010). The user and web services interfaces need to be developed with other open source applications. Fedora provides a very flexible environment, but it requires substantial technical skills to implement—thus it is often adopted by larger institutions with sufficient programming and technical staff.

Fedora serves as a foundation for major scientific digital libraries, including the Public Library of Science (PLoS ONE), the National Library of Medicine (NLM), and the National Science Digital Library (NSDL). The NSDL served as a testing environment for Fedora repository structure and additional open source development (Krafft et al., 2008). NLM selected Fedora after extensive testing and comparing it to ten other open source and proprietary systems (Marill and Luczak, 2009). Fedora also provides a repository platform for cultural heritage collections, including Open Vault, a moving image archives project of the WGBH Media Library and Archives (WGBH Educational Foundation, 2015). Like DSpace, Fedora is supported by a community of users and maintained through DuraSpace (Fedora, 2015). Increasingly, Fedora is integrated with the new generation of front-end applications, such as Islandora and Hydra. As of Nov. 30, 2015, the Fedora user registry listed 73 Islandora/Fedora and 35 Hydra/Fedora registered repositories (DuraSpace, 2015a).

Hydra (http://projecthydra.org/) is a multipurpose open source repository solution that has been developed as a collaborative project by several organizations (Hydra Project, 2015). The Hydra Project started in 2008 with the University of Hull in the UK, Stanford University, University of Virginia, and Fedora Commons (now DuraSpace) as foundational partners (Awre, 2012; Awre and Cramer, 2012; Green and Awre, 2009). Since then other institutions have joined the Hydra Project as partners and have formally committed themselves to supporting Hydra’s open source development (Hydra Project, 2015).

The collaborative Hydra Project was initiated in light of the recognition that no single system can provide the full range of repository-based solutions and that no single institution can support such large-scale development (Awre, 2012; Awre and Cramer, 2012). Thus, the goal of the Hydra Project participants was to develop jointly a common repository framework upon which flexible solutions can be built and shared. An African proverb, “If you want to go fast, go alone, if you want to go far, go together” became the project’s motto. Multiinstitutional collaboration has become a vital aspect of the project.

Building on Fedora, Hydra is designed as a flexible application framework that can support the development of multiple systems tailored to local needs. As Awre and Cramer (2012) point out, the use of the term “Hydra” deliberately indicates one body and many heads. Hydra provides a common and reusable framework, which can be adopted, extended, and modified. Each instance of Hydra adoption can become its own Hydra head. Hydra developers and adopters also contribute to the wider Hydra community (DuraSpace, 2015b). Hydra software is released as open source under the Apache 2.0 license.

As a technical framework, Hydra provides a set of reusable open source components that can be combined and configured to meet different needs. The major components include:
• Fedora as a repository layer to support object management

• Apache Solr, indexing software to provide access to indexed objects

• Blacklight: a next-generation discovery interface that provides faceted search and customized views

• Hydra plugin, a collection of components that facilitate workflow in managing digital content

• Solrizer, a component that indexes Fedora-held content into a Solr index (Awre, 2012)

Several of the components use Ruby on Rails as the coding language. Hydra software or its components have been implemented by a number of large research institutions worldwide. In addition to the initial Hydra partners, the software has been adopted by Northwestern University, Indiana University, Columbia University, London School of Economics, and many others (Hydra Project, 2015). The list of Hydra partners and adopters is growing steadily. Hydra offers a multipurpose, multifunctional DLMS by combining the flexibility of the repository structure with versatile functionality and rich applications. However, it requires substantial development work and expertise in the Ruby on Rails programming language.

Islandora (http://islandora.ca/) is an open source software framework designed to help institutions collaboratively manage and discover digital assets. It was originally developed by the University of Prince Edward Island’s Robertson Library but is now adopted by an international community of users (Islandora, 2015). Since its initial release in 2006, Islandora has been upgraded to support diverse content and extend its functionality (Moses and Stapelfeldt, 2013). Islandora has evolved into a multipurpose repository system serving as a platform for open access publishing as well as a digital asset management system for cultural heritage collections (Jettka and Stein, 2014; Kent, 2014; Moses and Stapelfeldt, 2013). Islandora is released as an open source software under a GNU license.

Islandora’s technical framework is built using a modular architecture approach. It is based on Fedora and integrates additional open source applications. The core components include:
• Fedora as a repository framework to support data storage, RDF relationships, and metadata harvesting

• Drupal as a front-end content management application to provide user interface and extend Islandora elements

• Solr for indexing services

Islandora’s functionality can be further extended by incorporating other open source applications (Moses and Stapelfeldt, 2013). Islandora uses Drupal module to create solution packs for different content types and formats, such as audio and video or PDFs. Each solution pack has its own set of tools to support automatic processing during ingest. For example, while a batch of master files in the TIFF format is uploaded for archival storage, JPEG or JPEG 2000 derivatives are created automatically for access (Kent, 2014). Islandora supports the MODS schema but accepts other metadata standards at ingest, which are then mapped to MODS. It offers support for digital preservation standards and tools, including PREMIS metadata standard and checksums.

Islandora has been implemented as an open access scholarly repository with a suite of unique services supporting digital scholarship (Moses and Stapelfeldt, 2013). It has also been used as a solution for presenting diverse scholarly and cultural heritage content in digital collections and digital humanities projects. University of Hamburg adopted Islandora to construct a repository for a multilingual collection of spoken language resources (Jettka and Stein, 2014). A consortium of academic libraries in Minnesota selected Islandora as a platform for providing access and supporting preservation of digital collections (Kent, 2014). Islandora is supported collaboratively by a community of users who interact through Islandora Camps and Google Groups (Islandora, 2015).

The reviewed open source repository systems accommodate diverse content and formats, and seek to serve multiple repository purposes. In contrast to DSpace, the new generation of systems offers more flexible platforms and stronger support for complex objects and digital preservation. The new systems are constructed using a stack of open source technologies. While Fedora provides a core repository framework, the systems also incorporate other open source components. They can be modified and extended by integrating additional applications to meet new requirements. Collaborative, multiinstitutional development is a distinct feature of the new generation of open source repository systems. Shared development contributes to the system functionality and sustainability, but can also help in sharing other digital library standards and best practices.

Selection of DLMS
The design of DLMS has evolved in the past decade with the introduction of low-barrier systems, robust and flexible open source repository systems, and more specialized options available to specific user communities like archives and museums. Selection of an appropriate system among so many alternatives, however, is not easy. The variety of DLMS and their features makes the selection and evaluation process challenging. In addition to the “out-of-the-box” solutions, institutions have the option of customizing available open source software or building their own custom systems. The choice really depends on institutional needs and requirements, types of resources, scale of collections, technical infrastructure and expertise, long-term goals, and budget. As discussed above, the selection between open source and proprietary systems needs to be considered not only in terms of initial cost but also in light of total cost of ownership (Samuels and Griffy, 2012). Selecting a well-established proprietary system can make perfect sense for an institution with limited technical and programming staff, especially if the system meets other functionality requirements. Selecting the right system requires a considerable amount of research, evaluation of options, and testing the performance of selected candidates. Zhang and Gourley (2009) identify four steps in the selection process:
• Identifying organizational requirements and resources

• Developing selection criteria

• Researching available systems

• Evaluating candidates

Organizational requirements depend on the types and characteristics of resources, needs of intended users, traditions of information organization and resource sharing, strategic goals, consortia agreements, and the technical infrastructure of individual institutions. Selection criteria need to be developed in light of organizational requirements. Developing a list of selection criteria and system requirements can be an overwhelming task. There is no single checklist that would include all the requirements for content creation and management, online presentation and access, user interface, preservation, user and system administration, etc. The lack of evaluation tools has been noted by the researchers examining open source DLMS (Goh et al., 2006; Samuels and Griffy, 2012) and is further discussed in Chapter 10.

Several case studies focus on the process of selecting and evaluating open source DLMS and report their methodology and findings. Although these studies concentrate exclusively on open source software, their approaches and selection criteria can be useful for evaluating proprietary systems as well. In search of a suitable DLMS, the researchers at the University of Arizona Library adopted the systems analysis process (Han, 2004). They identified four major areas of functional requirements: information organization focusing on content and its associated metadata, presentation, access including interfaces for both internal and external users, and preservation. For the purpose of their study, the researchers developed detailed criteria within those categories and conducted a comparative study of three DLMS: Greenstone, Fedora, and DSpace.

Goh et al. (2006) conducted a study in order to develop a standardized checklist for evaluating open source DLMS. The researchers identified 12 categories and developed a weighted list of criteria within those categories. The checklist categories include content management, content acquisition, metadata, search support, access control and privacy, report and inquiry capabilities, preservation, interoperability, user interfaces, standard compliance, automatic tools, system support, and maintenance. The evaluation checklist generated as a result of this research was used in evaluating four DLMS CERN CDSware, Greenstone, Fedora, and EPrints. Greenstone emerged as a system that consistently fulfilled the majority of the criteria and obtained full scores in five of the 12 categories.

Based on the case studies of Han (2004) and Goh et al. (2006) as well as their own experiences, Zhang and Gourley (2009) proposed a model called “FITS to Organizations” or “FITS to O” to be used in selecting and evaluating DLMS. This model groups the core requirements into four categories, functionality, interface, technology, and support, and then identifies subcategories within each group. The categories along with suggested weights are compiled into a relatively comprehensive yet flexible checklist. As the authors point out, the checklist can be adopted to individual institutional needs or used in evaluating selected DLMS components like functionality or interface (Zhang and Gourley, 2009).

A number of studies discuss the selection of open source repository software and provide criteria for their evaluation (Fay, 2010; Marill and Luczak, 2009; Rieger, 2007). Rieger (2007) discusses the selection process in light of multiple purposes of repositories and presents an evaluation model that involves several steps, including stakeholder analysis, needs assessment, service definition, and identification of use cases and governance-related matters. Marill and Luczak (2009) report on the process of selecting a repository system for NLM. In this case, ten repository systems were evaluated according to the established functional and nonfunctional evaluation criteria. Three systems that ranked high, DigiTool, DSpace, and Fedora, were tested further. Fedora achieved the highest rank in this rigorous evaluation process and was recommended for implementation at NLM. Likewise, Fedora emerged as the most flexible repository in a comparative study conducted by Fay (2010). The NLM case study includes a useful list of evaluation criteria that can be applied in other settings (Marill and Luczak, 2009). DLMS evaluation categories and criteria are also part of larger digital library evaluation studies that are discussed in Chapter 10.

The landscape of DLMS has evolved from the early standalone systems to flexible, open models and collaborative, multipurpose systems. The development of open source software and the competing systems from commercial vendors provide digital library developers with many options to create and manage digital content. The development of lightweight solutions like Omeka has dramatically changed the DLMS landscape, and opened the participation in digital content creation to smaller institutions and individuals. Building digital collections no longer has to be tied to the institutions and large-scale DLMS. The range of specialized DLMS offers differing features that can be tailored to the needs of user communities and different types of content. The selection process, although still not easy, is informed by a growing body of research on evaluation models and criteria.

The increasing diversity of DLMS does not mean that the currently available systems meet all user requirements. While there has been significant progress in interoperability and building flexible systems, user-level functionality still leaves much to be desired. DLMS function for the most part as databases of objects and associated metadata with limited capabilities for building layers to present contextual information. Further, they are limited in their ability to provide workspaces for end users to manipulate digital objects, contribute their own materials, or collaborate with others. Ioannidis et al. (2005) describe a number of hypothetical scenarios for advanced digital library functionality to support users in cultural heritage and scientific communities. Many concepts proposed in those scenarios, such as real-time construction of collections, personal annotations, or collaborative spaces, are still not supported by most standard DLMS. The design of DLMS is still a work in progress.
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Chapter 7

Interface design and evaluation
Abstract
This chapter presents different aspects of digital library interface design and evaluation. It starts from the identification of unique user needs in digital library use. The chapter illustrates the iterative process in the design and implementation of a user interface from the conceptual design, prototype design, and customized design to usability testing. Usability testing is a key focus of the chapter, in particular, usability testing constructs and criteria. Help system design is another essential component for interface design, which requires an understanding of help-seeking situations in order to develop help mechanisms to best facilitate users’ effective interaction with digital libraries. Finally, the issue to design digital library interfaces for people with disabilities is also addressed.
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Foundations for interface design and design principles
Foundations for interface design
The information retrieval (IR) process is an interaction process between users and IR systems. In a digital library environment, interface design needs to facilitate the interactions between users and digital libraries. Saracevic’s (1996;  1997) stratified interaction model highlights the interface (the platform for exchange) in which the interactions between users and systems take place. According to Ingwersen and Jarvelin’s (2005) integrated IS&R Research Framework, the interaction process can be further considered as the interactions among cognitive actors of all the stakeholders in the information retrieval and seeking process, which consist of the following human groups in the information creation, organization, dissemination, use process as well as interface design and retrieval engine design:
• Creators of information objects

• Indexers constructing representations of information objects to facilitate retrieval of information objects

• Designers creating interfaces to facilitate users’ interaction with systems

• Designers building retrieval engines and algorithms to facilitate users’ effective information retrieval

• Gatekeepers determining the availability of information objects into a collection

• Information seekers or searchers looking for information to accomplish their tasks

• Dommunities representing a variety of groups in different organizational, social, and cultural contexts

The critical challenge for interface design is how to offer an interface platform for users to interact with all the cognitive actors involved in the process. To be more specific, in Belkin’s (1996) episode model of interaction with text, he proposes an approach that shows how interface design can support different types of interactions by supporting various types of information-seeking strategies.

Design principles
General interface design principles also apply to digital library interface design. Nielsen (1995) proposes 10 detailed user-interface heuristics: visibility of system status; match between system and real work; user control and freedom; consistency and standards; error prevention; recognition rather than recall; flexibility and efficiency of use; aesthetic and minimalist design; help users recognize, diagnose, and recover from errors; and help and documentation. Shneiderman’s (1998) eight golden rules of interface design are similar to Nielsen’s interface heuristics. He does point out some unique design rules, such as offering informative feedback and permitting easy reversal of actions. Norman (2002) presents two principles of good design: (1) a conceptual model and (2) visibility. He specifies the following guidance for a good design:
• Visibility—Extremely important aspect of interface design; features should be obvious to aid users’ awareness of their purpose.

• Mappings—Features should correspond to the perceived use.

• Affordances—The interface promotes understanding of how to use features.

• Constraints—Design should take into account the limitations of features.

• Conceptual model—Mental idea of a design element should be based on mappings, affordances, and constraints.

• Mental model—Users’ actions interactions with features should relate to conceptual metaphors by which the users are already familiar.

• Feedback—Interface should make users aware of their use of features and the results of such use.

These guidelines can serve as general design principles for digital library interface design. More importantly, digital library interface design needs to have its own unique characteristics.

Iterative design
Digital library interface design cannot be done in one step. It is an iterative design process that moves from design to evaluation, to redesign and reevaluation, back to redesign again, and so on. The most important step in developing a digital library is to identify the audience and its information needs as well as to understand the iterative design process (Norberg et al., 2005). Somerville and Brar (2009) discuss the methodologies for studying user needs in a user-centered approach: interviews, focus groups, ethnographic studies, and observation. They place an emphasis on iterative design from prototyping to evaluation, modification, and implementation. Nielsen (1993) recommends at least three rounds of iteratively designing an interface based on user testing.

The iterative design process is an effective approach for digital library design. Norberg et al. (2005) discuss their redesign process of a digital library based on usability testing and focus groups. Prototypes of redesigns were presented to each focus group for its feedback. The feedback was incorporated into each successive redesign of the digital library. The redesign process was an iterative and participatory process involving the key stakeholders of the digital library. They conclude that users’ interactions with digital libraries are task oriented and context dependent. Based mainly on the direct observation and interviews, Ferreira and Pithan (2005) report on the usability study integrating HCI principles and information search processes revealing issues in the design. Further improvements of the digital library are suggested.

Iterative design is closely associated with iterative user-centered evaluation. Bertot et al. (2006) focus on the functionality, usability, and accessibility of iterative digital library assessment. Functionality assesses whether a digital library enables users to perform desired operations. Suggested criteria include the ability to refine searches and the ability to apply a variety of search options. Usability assesses whether a digital library enables users to use different features of the digital library, which include navigation, content presentation, labels, and search process. Accessibility assesses whether a digital library enables users with disabilities to access the digital library, dealing with factors such as alternative forms of content, color independent, clear navigation mechanisms, and table transformation.

Design and customization of user interface
The process of designing and implementing a user interface consists of the following steps.

Conceptual design: identification of users’ unique needs
The design of a user interface first needs to consider what users want. Phillips (2012) proposes to address the following questions:
• Who will use the interface?

• What can be done with the interface, and what are its limitations?

• Where will the interface be used?

• Why will users use the interface?

• How will the interface be used?

In order to characterize the user behavior, here are the main questions that need to be answered:
• How does the interface encourage or discourage users’ tasks?

• How are information search features designed to facilitate user tasks?

• How do users employ information relative to the larger information setting?

• How do users search tactics promote task completion, and do these tactics remain constant throughout the task?

• How do users understand, save, and use data, and what features are they using to do so?

• How do users determine success?

Different types of users have different requirements. Chapter 8 discusses in detail the needs of different types of users. Digital library interface design needs to tailor to specific user needs. Children are one specific type of user group. Here is one example of how to convert children’s needs into an interface design. Kaplan et al. (2004) include children as partners to prototype, test, and develop digital libraries. The following questions were examined:
• What do the concepts reading and library mean to children in this age group?

• How do American tweens and teens read in their everyday lives? What are its uses and rewards for them?

• How do their knowledge about digital technologies and their experiences with computers and the Internet shape their expectations of online texts? (pp. 90–91).

In addition to the six children on the design team, they also solicited opinions from 40 children for contextual inquiry. Observation, note-taking, and interview methods were used to collect data when children engaged in the following tasks: locating reading materials in public libraries, reading for pleasure at home, working on reading assignments at home, and working on reading assignments as part of the class work in a public library. A sticky notes session, brainstorming, and prototyping were applied to develop the user interface for children.

Simultaneously, the design of interface also has been taken into consideration for the types of digital libraries. Users exhibit different types of strategies in searching musical and video digital libraries. Based on an ethnographic study consisting of interviews, focus groups, and observations, Cunningham et al. (2003) identify the following music information-seeking strategies for the design of a music digital library: known item, significant browsing activity, collaborative music shopping, useful journal run strategy, keeping up to date, visual music shopping, and reluctance to ask for help. These behaviors are not well supported by the current musical digital libraries. The following suggestions for interface design are made: (1) serendipitous browsing by offering CD covers accompanied by snippets of songs from each album; and (2) genre browsing supported by similarities of sound or rhythm.

Let us examine three examples of digital libraries development: a digital musical library, a children’s digital library, and a video digital library. In establishing a digital musical library test bed system, the main user interface components were first proposed, consisting of search window, audio player, playlist, timeliner, score viewer, and bookmark editor. Associated functionality was also defined. For example, the functionality of a search window was specified as “using a metadata model designed specifically for cataloging and finding classical and popular music. The search window lets user input such music-specific criteria as composer, performer, work, and key. The search results present, for example, all the performances of a particular work, along with information about performers so that users can pick out the performance of interest” (Notess et al., 2005, p. 302).

In building an international children’s digital library, Druin (2005) reports a more intensive design study with children. Children from age 7–11 were selected to participate. On average, they stayed with the project for two years. Adult and children researchers worked together twice a week during the school year and intensive weeks over the summer. The International Children’s Digital Library interface was developed based on the following methods: children interviewing other children, writing one thing a child likes and dislikes, group discussion sessions, and prototypes to sketch new ideas. The associated features that were implemented are search categories, feelings, colors, customizable good reader colors, and spiral book reader.

Focusing on the video content, Albertson (2013) proposes an interaction and interface design framework for video digital libraries. The key for the conceptual design is associating user requirements with the interface design. The uniqueness of the framework is that it maps the conceptual understanding of the users’ interaction with video digital libraries to the design of user interfaces. He created two figures to illustrate the conversion. While Fig. 7.1 specifies user interaction components of the framework, Fig. 7.2 suggests interface design components of the framework. In both figures, the user and situation are the main dimensions of the interactive video retrieval process. User factors represent different levels of experience, knowledge, and domain affiliation, which are presented vertically from a low level (bottom of the figure) to a high level (top of the figure). Situational factors represent system support and/or barriers, which are presented horizontally from high situational support (left) to low levels of support (right). The third dimension is related to the user interaction and its associated interface designs/features. Undoubtedly, user interaction and interface design are dependent on the user and situational factors. Interface design closely corresponds to user interaction. The size variation distinguishes the differences from broad to specific concepts, and the center section highlights the core of the framework. The main contribution of this framework is that it connects user interaction to system supportive features.

[image: image]Figure 7.1 User Interaction Component of Framework (Albertson, 2013, p. 677)



[image: image]Figure 7.2 Interface Design Component of Framework (Albertson, 2013, p. 677)



Prototype design
As part of the iterative design, prototype design is a quick and flexible approach for the developers to solicit feedback from users and stakeholders. It simulates part or all of a user interface by drawing it out using paper and pen or a different tool. Hackos and Redish (1998) provide main components to include in prototypes:
• The overall architecture of the interface

• Visual depiction of main screen layout

• Visual depictions of secondary screens

• Visual depictions of the primary features

• Alternate design concepts

Wagner (1990) discusses the advantages of how a prototype enables designers to present design ideas more efficiently and can easily modify their designs based on the feedback. Most prototype design ideas are sketched on paper. There are also tools used to facilitate prototype design. Electronic tools can recognize widgets and widget behaviors, unlike paper prototypes’ static images. For example, researchers developed the electronic Sketching Interfaces Like Krazy (SILK) to allow designers more flexibility in creating and evaluating design prototypes. SILK shows interface elements or widgets’ behaviors and supports the creation of storyboards (Landay and Myers, 2001).

A good digital library design takes several rounds of prototype design and assessment. Norberg et al. (2005) report their development and testing of prototypes of user interfaces in a digital library via a series of focus groups. The focus groups were presented with the original site and prototype redesigns. Open-ended questions were asked to solicit feedback for different ideas of prototype designs. Several rounds of prototype design took place ranging from changing the color scheme to fonts or position of elements. During the prototype tests, users participated in the iterative design process. Somerville and Brar (2009) describe another example of user-centered design for digital library projects. Students were involved in investigating their peers’ information-seeking needs. Their findings led to the creation of paper prototypes and usability tests. Positive user experiences are important to incorporate into the digital library projects.

Prototype design is also a great approach for the design of children’s digital libraries. Prototype design allows children to view examples of designs in different formats. Children were shown a web-based mock-up of the three interface designs of a children’s digital library. After dividing children into several groups, they were give a paper-based version of the three interface designs for more careful examination. They were instructed to write down three things they liked and three they desired for the digital library interfaces. The results show that they prefer the use of bright colors, good graphics, and audio (Theng et al., 2000). Prototype design is also employed for visualization design for digital libraries. Using paper-based prototyping, users worked in pairs to sketch design ideas in visualization form for the given scenario. After presenting the initial ideas, the group collaborated to develop the final prototypes. The study demonstrates that it is beneficial to include users and other stakeholders in the design of digital libraries (Zaphiris, 2004).

Interface design: configurations
Digital library interface design has to consider both the needs of users and characteristics of digital collections. Among all the interface components, features to support collection selection, query formulation, results manipulation and evaluation, and help use are vital for digital library interface design. Chowdhury (2004) summarizes the design components of digital libraries:
• Interface features:

• types of interface including simple and advanced search interface

• languages of the interface

• navigation options, shortcuts, and system information

• screen features including colors, typography, layout, and graphics

• personalization of the interface

• Resource selection

• Query formulation

• Results manipulation

• Help

There are multiple digital library content management systems available to design these interfaces. Detailed discussion of these systems are shown in Chapter 6. Each content management system has its own tutorials for its interface design. As CONTENTdm is one of the most popularly used systems, Table 7.1 presents the configuration options of the interface for a collection built with CONTENTdm.

Table 7.1

Configuration Options Offered by CONTENTdm (Configuring, n.d., p. 3)




	Quick Configa
	An optional way to set up some initial global configurations that help establish the site identity.



	Appearance
	Use the Appearance configurations to tailor the look and feel of your Web site or collections by modifying the header and setting fonts and colors to reflect your branding.



	Searching and Browsing
	Use the Searching and Browsing options to configure the default search mode and advanced search scope and to configure the results page display, default sorting, and more.



	UI Widgets
	Use the UI Widgets configurations to enable and define features that can help users explore and experience items in your collections. For example, create Suggested Topics, which guide end users in their research, and tailor the QuickView display, which helps users quickly scan items with some additional detail.



	Image Viewer
	Use the Image Viewer configurations to tailor toolbar options and other features to best showcase items in your collections.



	Navigation
	Use the Navigation configurations to edit or add to the header and footer navigation links.



	Items
	Use the Items configurations to set various options that are available when end users view items in your collections. For example, manage user-generated content, enable and configure the Share and Reference URL features, choose whether to display the full text for items with transcripts, and configure metadata display settings.



	Page Types
	Use the Page Types configurations to edit the contents and set representative item display options for key pages of your Web site, optionally replace key pages with custom pages, enable your site for RSS, and define the display of compound objects and PDF files.



	Tools
	Use the Tools option to configure the localized version of your Web site interface text, including the default language, uploading a custom language file, and enabling users to select from multiple languages. You also can configure a CONTENTdm Log In/Out link on your Web site, and configure the credentials used by a custom form for end-user content submission.



	Custom Pages/Scripts
	Use the Custom Pages/Scripts options to add additional pages to your Web site and use your own JavaScript scripts and CSS to modify the Web site behavior and appearance.




a For this class you should not see the Quick Config option. If you can, please do not use it as it will alter the settings for the entire class website.



Not all digital library systems apply the same approach to interface configuration. Omeka uses themes to customize the look and feel of the public Omeka site. Themes are a collection of template files and help functions that use data in each specific Omeka archive and display those data to end users. From the administration side, designers can control some of that display through configurations. In versions 1.3 and above, all themes are configurable in the Settings > Themes admin screen.

Configurations are unique for each theme and will be saved with the theme. Each theme must be configured when changing designs. Upon returning to the original theme, all of the initial configurations will be saved. The configuration includes the look of the digital library site, navigation, featured elements, homepage text, and metadata displayed (Omeka, 2015).
• Choose a logo file. Designers can use their own logo file. Recommended maximum width is also suggested.

• Custom Header Navigation. Designers are allowed to create their own theme header with corresponding text.

• Display Featured Item. Designers can show a featured item on the homepage.

• Display Featured Collection. Designers can show a link featuring a collection on the homepage.

• Display Featured Exhibit. Designers can show a link featuring an exhibit on the homepage.

• Homepage Recent Items. Designers can choose the number of recent items to be displayed on the homepage.

• Homepage Text. Designers can add brief text to be displayed on the homepage.

• Footer Text. Designers can add text to be displayed in a theme’s footer. This can be a good place to add credits or links to funders, such as credits information.

• Display Copyright in Footer. Designers can display copyright information in the footer (para. 5).

The earlier two examples illustrate interface configurations from a commercial digital library content management system and an open source system. Both CONTENTdm and Omeka have rather limited options for interface configuration. Each content management system has its own options and instructions. Chapter 6 offers more detailed discussions on the main digital library content management systems.

Customized design and visual tools
Each digital library has its own unique content and unique user groups. It is essential for the interface to reflect the uniqueness of the theme of the digital library or collection. Content management systems in general allow customization of digital library interface. Here is one example from UWM Libraries’ Digital Collections (http://collections.lib.uwm.edu/). UWM Digital Collections are built using CONTENTdm, which provides an open application programming interface (API). CONTENTdm APIs enable developers to customize the layout and integrate various features into a digital library interface. In particular, it is possible to integrate different features into an interface by connecting collections through APIs provided by the digital library system, although the customization is limited, and integrating applications requires quite a bit of programming.

The timeline view collection application was successfully added to the UWM digital library site (Fig. 7.3), and the application accessed the metadata organized in a JSON file to display the content of the selected collections. The Web page in Fig. 7.3 displays a collection of items related to March On Milwaukee. The items are organized into sections arranged chronologically. Each section header describes an historical event and its timeline, followed by a short description of the event, and a link to a file presenting the event in detail. There are various resources including images, video, and audio. The timeline application was also implemented in other digital library software, such as Omeka (omeka.org) (Fig. 7.4). The image was created by Sukjin You by using and revising the following timeline open source code to the Omeka system: https://timeline.knightlab.com/; https://github.com/NUKnightLab/TimelineJS. It proved that the timeline application can be implemented in different digital library platforms that provide an option for embedding customized pages or allow access to the content.

[image: image]Figure 7.3 Implementation of the Timeline Application in the University of Wisconsin-Milwaukee Digital Collection “March on Milwaukee” Built in CONTENTdm



[image: image]Figure 7.4 Example of a Timeline Developed for Omeka by Sukjin You With permission from Sukjin You (University of Wisconsin–Milwaukee).



Visualization is an approach applied quite popularly in digital libraries. Developers can design their own visual tools to facilitate users’ effective interaction with digital libraries. Many digital libraries have incorporated visual tools into the interface design. Fig. 7.5 shows the map from the Digital Public Library of America. Users can select digital objects from different states. When a circle on the map is clicked, the titles of digital objects and thumbnails are displayed. Visualizing query and search results is the most applied application of visual tools. Linn et al. (2007) introduce the SearchGraph that enables users to view abstract visualization of search results. Moreover, users can manipulate the display, and use sort and filter options to view the search results from different perspectives. Seifert (2011) proposes an interactive multidimensional query visualization tool for users to manipulate queries to retrieve relevant results under different subtopics in digital libraries. Van Hoek and Mayr (2013) provide an overview of visualization applications in supporting the search process in digital libraries. Examples include VQuery that visualizes the query and assists users to specify queries using Boolean operators; INVISQUE system that integrates the division between query specification and results; InfoSyk that contains a hierarchical tree browser and a star map providing a good overview of documents; The Cat-A-Cone system that is an early 3-dimensional system that uses cone trees to display category hierarchies; and the 3-dimensional search interface NIRVE system that connects user query terms to concepts.

[image: image]Figure 7.5 Interactive Map of the Digital Public Library of America



In contrast to searching, browsing is a unique component for digital libraries. Rajkumar (2006) designed a visual browsing interface that offered users the opportunity to navigate through the records of a digital library with multidimensional, hierarchical, and categorical data. The visual interface was designed following three principles: consider browsing structure as the primary data, display all possible browsable dimensions, and treat dimensions uniformly.

Metadata has been used to improve the design of visual interfaces in digital libraries. Shiri (2008) examined 21 metadata-enhanced digital library visual interfaces, in particular their visualization techniques and metaphors. Types of metaphors implemented include treemaps, timelines, scatter plots, Venn diagrams, charts, sematic-spatial maps, and association networks metadata. He points out that visualization techniques and metaphors become an effective approach to support users exploring information in digital libraries. In addition, ActiveGraph is a visualization tool that enables users to view and customize content of a digital library by adding or editing metadata (Marks et al., 2005).

Usability testing
The objective of digital library evaluation is to assess to what extent it meets its objectives and offer suggestions for enhancements. Citing human computer interaction research, Shneiderman (1998) discusses human computer interaction/interface evaluation criteria: usability, functionality, effort, as well as task appropriateness and failures.

Usability testing is a critical component of user-centered design and an approach for improving user interface. Easy to understand and easy to use are the keys to usability of a user interface. Usability of a digital library is associated with its accessibility, in particular how easily users can interact with the interface of the digital library (Chowdhury et al., 2006). Accepted definitions of usability have been focused on multiple attributes:
• Learnability—How easy is it for users to perform tasks when first interacting with the design?

• Efficiency—How quickly can users perform tasks?

• Memorability—How can users refresh their interactions with the design after not using it for a while?

• Errors—How many errors do users make? How easily can they recover from errors?

• Satisfaction—How content are users with the design? (Nielsen, 1993).

Usability is also extended to other measures, such as efficiency of interactions, avoidance of user errors, and the ability of users to achieve their goals, affective aspects, and the search context (Blandford and Buchanan, 2002). Blandford and Buchanan (2003) also examine the classical usability attributes and they suggest adopting many of these attributes to the evaluation of digital libraries. Some of them, such as learnability, need to be modified because users treat the library system as a tool, not as an object of study. They are more concerned with building a user perspective into the design cycle than with the final evaluation.

Two approaches have been applied to usability studies: empirical testing with users and analytical analysis with usability experts (Chowdhury et al., 2006). Nielsen (1994) summarizes the following usability methods:
• Heuristic evaluation: Having usability experts evaluate each element in accordance with usability principles.

• Cognitive walk-throughs: A step-by-step process simulating a user task.

• Formal usability inspections: Combination of heuristics evaluation and cognitive walk-through.

• Pluralistic walk-throughs: Similar to cognitive walk-through, but conducted in a group setting with users, developers, and usability experts discussing the steps of the walk-through together.

• Feature inspection: Assessing a proposed feature set to see whether it is natural for users to use and does not require extensive knowledge/skills to use the set.

• Consistency inspection: External designers checking an interface to see whether the new design operates in a similar fashion to other designs.

• Standards inspection: Inspecting the interface for compliance with standards by an expert.

In the context of digital libraries, Bertot et al. (2006) suggest some important questions for the usability testing that help the enhancement of the digital libraries:
• Were the basic navigation identification tasks intuitive?

• Were data presented within each interface logical, clear, and easy to understand?

• Did each interface perform as users expected it would?

• Could the data obtained from the testing be useful?

• What are some specific recommendations to make each interface more useful?

• What are some specific recommendations to improve each interface? (pp. 22–23).

A pilot study is essential for usability testing. Notess et al. (2005) identify several issues that a pilot study can help resolve, including the design of test tasks, system bugs, rewording of the tasks, etc.

Usability testing: criteria and approaches
According to Liew’s (2009) review article on organizational and people issues in digital library research, use/usability issues account for the majority of the work. Among the use/usability category, most of the papers focus on usability. Jeng (2005a concludes that usability is a multidimensional construct. She further proposes an evaluation model for the assessment of the usability of digital libraries by examining their effectiveness, efficiency, satisfaction, and learnability. User satisfaction is a complicated construct that covers ease of use, organization of information, labeling, visual appearance, content, and error correction. The evaluation model was tested, and the results revealed that effectiveness, efficiency, and satisfaction are interrelated. Dillon (1999) develops a qualitative framework (termed TIME) for designers and implementers to evaluate the usability of digital libraries which focuses on user task (T), information model (I), manipulation facilities (M), and the ergonomic variables (E). Buttenfield (1999) suggests two evaluation strategies for usability studies of digital libraries: the convergent method paradigm that applies the system lifecycle into the evaluation process and the double-loop paradigm that enables evaluators to identify the value of a particular evaluation method under different situations. Even though usability is widely discussed, it is important to characterize the uniqueness of usability attributes for the assessment of digital libraries.

Before conducting usability testing, researchers have to make decisions regarding the selection of appropriate usability criteria. Design elements are one of the popular components of usability studies, which is essential for interface enhancement. Van House et al. (1996) focus on query form, fields, instructions, results displays, and formats of images and texts in the iterative design process for the University of California Berkeley Electronic Environmental Library Project. After reviewing literature on digital library user interface, Hariri and Norouzi (2011) identify the top 10 evaluation criteria for digital library interface: navigation, searching, design, guidance, error management, presentation, learnability, user control, consistency, and language. These criteria match pretty well with Nielsen’s (1995) 10 interface heuristics.

Comparison of two user interfaces is a popular approach for conducting usability studies and offer useful design recommendations for digital library designers. Miller et al. (2012) compare the usability of the interfaces of the Open Library, Google Books, and HathiTrust on aesthetics, usability, and main interface components. Subjects first evaluated the aesthetics of the interfaces based on Lavie and Tractinsky’s (2004) measures on aesthetic, being pleasant, clear, and clean. Next, subjects were instructed to evaluate the usability of three interfaces by adopting McGee et al. (2004) and Flanagin and Metzger’s (2003) 10 items: “the extent to which interfaces were consistent and efficient, organized, easy and intuitive, effective, useful, controllable, complete and sophisticated, professional, trustworthy, and reliable” (p. 367). In addition, the following interface components were assessed: “collection browse, collection search, viewer navigation, viewer options, output options, accessibility, and help features” (p. 367). The findings indicate that most of the subjects preferred the Open Library for its aesthetic and large elements within its interface, as well as for presenting elements in a similar fashion to their counterparts in the physical library. Users like the familiarity of Google Books’ Google-based interface. Interestingly, too many options are not welcomed by users. For that reason, the interface of HathiTrust is considered too complicated.

Some usability studies examine specific designs or features for interfaces, such as the organization approaches of digital libraries. Meyyappan et al. (2004) measure the effectiveness and usefulness of the alphabetic, subject category, and task-based organization approaches in a digital library, and the results show that the task-based approach takes the least time in locating information resources. By applying usability and affordance strength questionnaires, interviews, think-alouds, and observations, Shiri et al. (2013) examine the main elements of two user interfaces consisting of multilingual features, thesaurus and search functions, and visualization and visual appeal. Users prefer an integrated interface that connects thesaurus, query, and document spaces together. Ease of use of multilingual features, thesaurus, and search functions are the main reasons for users’ liking of one of the interfaces.

Usability studies of digital libraries are often performed as a collection of studies across time. In Cherry and Duff’s (2002) longitudinal study of a digital library collection, they focus on how the digital library is used and the level of user satisfaction with response time, browse capabilities, the comprehensiveness of the collection, print function, search capabilities, and the display of document pages. Hill et al. (2000) tested user interfaces of the Alexandria Digital Library (ADL) through a series of studies. The following usability requirements were derived from user evaluations: a unified and simplified search, being able to manage sessions, more options for results display, offering user workspace, holdings visualization, offering more Help functions, allowing easy data distribution, and informing users of the process status. Bertot et al. (2006) adopt a broad understanding of usability, including satisfaction, in addition to ease of use, efficiency, and memorability in the iterative evaluation of the Florida Electronic Library. They also bring in functionality and accessibility as major digital library evaluation criteria.

Interaction between users and digital libraries is also an important component for usability testing. Budhu and Coleman (2002) highlight the key attributes of interactivities: reciprocity, feedback, immediacy, relevancy, synchronicity, choice, immersion, play, flow, multidimensionality, and control. They evaluate interactivities in a digital library with regard to multiple aspects including interactivities in interface. Thong et al. (2002) identify the determinants of user acceptance of digital libraries, and among them, perceived usefulness and ease of use are the major factors that can be predicted by the interface characteristics (terminology clarity, screen design, and navigation clarity), organizational context (relevance and system visibility), and individual differences (computer self-efficacy, computer experience, and domain knowledge).

Usability testing: specific digital libraries and specific users
Some researchers concentrate on specific digital libraries and specific users, in particular, educational digital libraries and learners. Focusing on digital libraries for teaching and learning, Borgman et al. (2000) conducted formative evaluation in formulating design requirements and summative evaluation in judging learning outcomes. Yang (2001) examined learners’ problem solving process in using the Perseus digital library by adopting an interpretive and situated approach. The findings of the study help designers develop and refine better intellectual tools to facilitate learners’ performance. Kassim and Kochtanek (2003) performed usability studies of an educational digital library in order to understand the user needs, find problems, identify desired features, and assess overall user satisfaction.

Children have very unique interaction characteristics as users of digital libraries. As design partners, children show preference to a simple interface with unique characteristics, such as bright colors and images, and audio (Theng et al., 2000). Bilal and Bachir (2007a investigated the interaction of 10 Arabic-speaking children with the ICDL to find Arabic books resulting from four tasks. Individual interviews, group interviews, and log analysis were employed to collect data. The findings offer suggestions for the improvement of ICDL. Younger children have difficulty understanding all the representations of the ICDL. A simple visual interface with meaningful icons and audio capabilities assists international children in effectively seeking information in ICDL. Well-designed icons for the text-based browse and search functions are essential for the children without much knowledge of English. An Arabic version of the ICDL that supports keyword searching in Arabic is also requested. A drawing and coloring feature for children to express feelings, thoughts, and perceptions is also desired.

Based on children’s interaction with IR systems at home, Druin et al. (2010) identify seven search roles that children play: developing searcher, domain-specific searcher, power searcher, nonmotivated searcher, distracted searcher, visual searchers, and rule-bound searcher. Even though this study is not designed specifically in a digital library environment, their findings are applicable for improving the digital library interface design. They further offer interface design implications for children:
• Support multiple search roles

• Learn from power searchers to support other searcher roles

• Overcome known barriers

• Design interface to attract children to search

• Use the interface to have positive impact

Martens (2012) stresses that four areas need to be taken into consideration when designing interfaces for children:
• Children’s unique developing cognitive and motor skills

• Children with different ages requiring different designs

• Classification, hierarchies, and metadata need to be age appropriate

• Social components, such as graphics and interactive and personalization features, need to be attractive to children.

Another specific group of users is people with disabilities. The discussion of how to design for people with disabilities is in the latter section of this chapter. The detailed discussion of different types of user groups and their needs and behaviors in interacting with digital libraries can be found in Chapter 8.

User perspective and organizational usability
Some researchers solicit user perceptions regarding some of the digital library evaluation criteria. In Jeng’s (2005a study, the evaluation is designed to detect users’ perceptions of ease of use, organization of information, terminology, attractiveness, and mistake recovery. For example, ease of use is considered “simple,” “straightforward,” “logical,” “easy to look up things,” and “placing common tasks upfront.” Very few researchers have conducted digital library evaluation criteria studies from users’ perspectives. Xie (2006) investigated digital library evaluation criteria based on users’ input. Users developed and justified a set of essential criteria for the evaluation of digital libraries. At the same time, they were requested to evaluate digital libraries of their own selection by applying the criteria that they developed. After comparing evaluation criteria identified by the users and researchers, and criteria applied in previous studies, the author found that there was a commonality in the overall categories of the evaluation criteria. However, users place more emphasis on their own perspectives and less on the perspectives of developers and administrators. Users value the ease of use of the interface. Xie (2008) further examined users’ evaluation of digital libraries based on their uses. The results show that users’ evaluation of digital libraries is largely based on their own experience of using them. To be specific, digital library use affects its evaluation in two folds. First, the problems users encountered in their use of digital libraries lead to their negative evaluation. Second, the availability of new features or design sets up a higher standard for digital library evaluation. The design of digital libraries has to take into consideration users’ preference, experience, and knowledge structure. It seems impossible to design a one-size-fits-all digital library to satisfy all types of user needs. The findings of this study reveal some dilemmas, such as simplistic versus attractive interfaces, default versus customized interfaces, general help versus specific help, etc.

Interestingly, another study also reveals the same difference on digital library evaluation criteria between users and experts. Lai et al. (2014) investigate important criteria for digital library interface evaluation among students, teachers, and experts. For example, ease of use is ranked 1st for students, 5th for teachers, and 7th for experts respectively. Teachers care the most about presentation while experts consider design as the most important. Although the rankings are different, the findings show that seven criteria are deemed as important by all three groups: ease of use, searching, language, design, presentation, customization, and interaction. After reviewing relevant literature, Heradio et al. (2012) conclude that the standard definition of digital library usability, criteria, and measurements pose challenges for further research. Chapter 10 offers a more in-depth discussion of digital library evaluation criteria from different stakeholders’ perspectives.

Usability research goes beyond just interface usability. Content usability, organizational usability, and interorganizational usability are also studied (Lamb, 1995). Among them, organizational usability is considered as one of the most important aspects for the development of digital libraries and associated interfaces. Elliott and Kling (1997) specify three levels of organization usability: individual, organizational, and environmental. All of these levels have an impact on interface design. Davies (1997) develops a model showing the roles played by different groups of stakeholders in the development of digital libraries. Following Davies’ (1997) model, Xie and Wolfram (2002) illustrate three types of interactions among the players of a state digital library: influenced-based interactions, activities-based interactions, and communication-based interactions. These interactions in turn influence the enhancement of digital library interfaces.

Cultural issues, such as colors, symbols, metaphors, and language, also affect the usability of a digital library, indicating that the design of digital libraries needs to take into consideration cultural issues as well (Duncker et al., 2000; Liew, 2005;  2009). Even though the cultural aspect of usability has not been widely studied, some researchers have explored the area. Smith (2006) addresses the usability-culture connection by applying cognitive theory to the usability of digital libraries in a multiple culture, multiple intelligence context. In an empirical study, Arabic-speaking younger children show difficulty understanding all the representations of the ICDL (Bilal and Bachir, 2007a, b). Suggestions for how to consider cultural issues are discussed in Section “Usability Testing: Specific Digital Libraries and Specific Users.”

Help design
For the time being, digital libraries have no standard design. Users have to learn how to interact with each digital library. According to Nahl (1999), novice searchers are the main users of help features, and these users require different types of assistance, including help in learning about new IR systems. Novice users encounter many types of help-seeking situations in new searching environments. A help-seeking situation is characterized by a user engaged in information seeking within a digital library in order to achieve his/her tasks/goals and needing some form of help in the process (Xie and Cool, 2009). The situation of novice users working within a new search environment creates more challenges for help seekers and for the design of effective help functionalities. However, users do not use help features because they are often not helpful to users. Monopoli et al. (2002) report only 34.6% of 246 respondents used the online help feature of a digital library, and 20% of those preferred human help.

Help features can be classified into explicit and implicit help features. Explicit help features refer to features that are labeled as “Help” or “?” while implicit help features refer to any features that facilitate users to solve their help-seeking situations even though they are not labeled as Help features. In their analysis of 120 information retrieval episodes, Xie and Joo (2010) also observe that searchers rarely use explicit help, especially help page views in their search processes. In their transaction log analysis of a digital library, Han et  al. (2013a, b,  2014) confirm that users rarely visit help pages provided by the these system. Instead, searchers are more likely to use implicit help. Othman and Halim (2004) suggest that users prefer context-sensitive, implicit help features such as relevance feedback, term weighting, synonyms linked to terms in the thesaurus, and extensive search examples. Xie (2007) examines explicit and implicit help features in selected digital libraries. Explicit Help features are self-explanatory, with Help as part of the name. Implicit Help consists of a variety of features, such as FAQs, Contact Us, Advanced Search, About, Collection Descriptions, Site Map, Glossary, My Digital, How to View, etc. Some of the features can be under both explicit and implicit Help. For example, FAQs itself is an implicit Help feature. If FAQs is under the name of Help, then it is part of the explicit Help. For example, In American Memory Help, the explicit Help consists of implicit Help features, such as How to View, Search Help, FAQs, and Contact Us. These explicit and implicit Help features analyzed from the selected digital libraries can be classified into the following categories: general Help, search-related Help, collection-related Help, navigation Help, terminology Help, personalized and customized Help, and view-and-use-related Help. Six types of problems of help feature designs in digital libraries are identified: lack of standards, tradeoff between using explicit Help and implicit Help, tradeoff between using general Help versus specific Help, lack of interactive Help features, lack of dynamic presentation styles, and lack of Help features for advanced users and users who do not understand English.

Based on a series of user studies on the user interfaces of a digital library, Hill et al. (2000) notice that users prefer the following help features: (1) presenting search examples to assist users in formulating queries, (2) offering context-sensitive help, and (3) providing tutorials and FAQs. Frumkin (2004) suggests that a useful approach might be to make user interfaces complement to digital libraries. To conduct a usability evaluation of an automated help mechanism in a digital library, it is important to understand the searching behaviors of novice users and the help-seeking situations that arise while using it (Borgman and Rasmussen, 2005).

Xie and her associates have conducted a series of studies to identify help-seeking situations in information retrieval, evaluate help features, and inquire about users’ perspectives to those help features. Xie and Cool (2006) discover that users acknowledge the importance of help mechanisms in using IR systems, but at the same time, express the ineffectiveness of existing help mechanisms and consequently tend to use those help features infrequently in their search process. Xie and Cool (2009) explore different help-seeking situations in using digital libraries. To be more specific, they identify fifteen unique help-seeking situations in searching digital libraries. Those situations are classified into seven categories of situations that users are unable to complete without a certain type or types of help: (1) inability to get started, (2) inability to identify relevant digital collections, (3) inability to browse for information, (4) inability to construct search statements, (5) inability to refine searches, (6) inability to monitor searches, and (7) inability to evaluate search results. Factors from users, tasks, digital libraries, and interaction outcomes that affect help-seeking situations are also recognized. Fig. 7.6 presents the types of factors affecting help-seeking situations. Xie et al. (2013) comprehensively examine user engagement and different types of system support in interactive IR processes including applying help tactics. The challenge is to understand how users can convey their problems to the systems and how the systems can understand users’ problems and offer appropriate help features to assist users to solve these problems. Compared to normal users, people with disabilities encounter unique help-seeking situations. The identification of help-seeking situations for blind users and the implications for digital library interface design is discussed in the next section.

[image: image]Figure 7.6 Factors Affecting Types of Help-Seeking Situations Adapted from Xie and Cool, 2009, p. 490.



To summarize, different types of explicit and implicit help features need to be offered in digital libraries. Here are some suggestions for the design of help mechanisms of digital libraries to solve different types of help-seeking situations:
• Overview of the digital library structure

• Intuitive interface design

• Context-sensitive knowledge assistance

• Interactive dialog protocol

• Search mechanism for identifying specific collection(s)

• Examples of how to create search statements

• Templates of searches based on task type and complexity

• Integrating the help page into actual browsing and searching page

• Demo of browsing options and structure

• Explicit and implicit feedback mechanisms

• Search history and search path options

• Different evaluation mechanisms for different types of tasks

• Examples for dealing with unsatisfied interaction outcomes

• FAQs

Interface design for people with disabilities
Tim Berners-Lee, the founder of the World Wide Web, was quoted by the W3C saying, “The power of the Web is in its universality. Access by everyone regardless of disability is an essential aspect” (as cited in W3C, 1997, para. 1). Web Accessibility Initiative (http://www.w3.org/WAI/) widely develops guidelines that are regarded as the international standard for Web accessibility. Web Content Accessibility Guidelines (WCAG) 2.0 extends to all types of virtual communication including interactive multimedia content and is more usability oriented, including a navigable, meaningful sequence, and consistent navigation guidelines. It also covers several types of disabilities, such as cognitive, language, learning, and physical disabilities (Riberta et al., 2009). Snead et al. (2005) discuss functionality, usability, and accessibility in the digital library context. Accessibility is to assess how well systems allow users with disabilities to have equal use of information and services. The measures are associated with the World Wide Web Consortium or section 508 of the Rehabilitation Act.

Developers of digital libraries need to know that making them accessible for users with disabilities is a legal necessity as per the Americans with Disabilities Act (ADA). ADA mandates that all digital content available for public consumption be accessible to users with disabilities. For users with disabilities, this means the digital library interface and its constituent content and features should be accessible with screen-readers. Compliance with accessible Web design principles as those forwarded by the Web Content Accessibility Guidelines and Section 508 of the U.S. Rehabilitation Act are necessary. Blansett (2008) found that libraries were not yet fully in compliance at the time of the study. Southwell and Slater (2012) surveyed 69 US academic library Web sites and found that 58% of the sampled digital collection items were not screen-readable. After examining 64 academic and public libraries in Ontario, Oud (2012) identifies an average of 14.75 accessibility problems per library consisting of poor color contrast, lacking text alternatives for images, and tables that are not readable by screen readers. Yoon et al. (2013) suggest the integration of a high-level information architecture for users who use screen readers based on the analysis of accessibility barriers for visually impaired users.

People with disabilities require special assistance to access information items. The Digital Accessible Information System is a standard for Digital Talking Book. The standard makes it possible to organize the text within a structure and specify headings, subheadings, and pages numbers (Kerscher, 2002; Morgan, 2003). ALI is a project that creates a digital archive of DAISY books produced by the Swedish universities for students with reading disabilities consisting of journal articles, book chapters, and materials presented by teachers (Forsberg, 2007).

People with different types of disabilities have different requirements. The review of 20 Web design guidelines yielded the top recommendations for interface design for people with cognitive disabilities: use pictures, graphics, icons, and symbols with text; use clear and simple text; use consistent navigation and design on every page; and use headings, titles, and prompts (Friedman and Bryen, 2007). Borg et al. (2014) conclude that people with cognitive disabilities have different accessibility needs, requirements, and preferences, and these need to be further investigated and incorporated into the accessibility guidelines. Deo et al. (2004) describe the process of how to create a digital library for illiterate users:
• The first step is to conduct a user study to obtain user requirements via questionnaire and observing how subjects interact with a digital library interface. User requirements consist of ease of learning and ease of remembrance, no textual requirements, icons and visual display, internationalization, localization, simple, easy to navigate, ease to use and tolerant of errors, useful content and robust design, providing contextual information, and supporting simple browsing strategy.

• The second step is to create paper prototype designs evaluated by subjects. Two interface design guidelines are preferred: an interface with a side menu of the collection to avoid the use of the navigation buttons and to go back to the Home page, and incorporation of audio support into the digital library interface.

• The third step is to test the usability of standard digital library interfaces and an interface designed for illiterate users. It is essential to reduce collection size and browsing structure complexity to minimize human memory overload.

In this section, blind users are used as an example to illustrate how to study their needs and design digital libraries to help users with disabilities. The global blind population exceeds 45 million (Pascolini and Mariotti, 2012), two million of which reside in the United States (American Foundation for the Blind, 2012). The blind comprise a significant user group that interacts with information retrieval systems, including digital libraries, in entirely different ways from sighted users. A “blind user” refers to an individual who lacks the functional sight to see information presented on a computer screen. For these users, interacting with an IR system is a listening activity. They predominantly rely on text-to-speech software called screen-reader (SR) to interact with computers and the Internet (Lazar et al., 2007). An SR identifies and interprets textual content on the screen and presents the screen information through a synthetic voice (Di Blas et al., 2004). In order to design digital libraries to be effectively used by blind users, developers and researchers need to understand the unique needs of blind users. The great promise of digital libraries becoming the gateway to the universal access to information cannot be realized if not all groups of users can use them effectively. Digital libraries represent one type of information retrieval system that as of yet is not commonly utilized by blind users.

Previous literature shows that the help needs of blind users have not been examined and considered. There are few studies directly investigating their help needs. Related research has identified multiple cognitive and physical constraints of the blind in information use on the Internet: (1) avoidance of pages containing severe accessibility problems, such as dynamic content (Bigham et al., 2007; Craven, 2003); (2) structural problems when browsing as well as difficulties with the serialized-monolithic presentation of SRs (Salampasis et al., 2005); (3) the sequential nature of interaction, meaning at any given point a blind user perceives only a snippet of the content and loses all contextual information (Lazar et al., 2007); (4) mere translation of text content with a synthetic speech and not a complete narration of information presented (Babu, 2011); important cues embedded in color, images and videos that aid in navigation and interpretation are lost (Leuthold et al., 2008); (5) cognitive overload from spending cognitive resources in trying to understand the browser, the Web site, and the SR simultaneously (Chandrashekar, 2010; Theofanos and Redish, 2003); and (6) improper labeling causing significant confusion, frustration, and disorientation, particularly for interface objects (Lazar et al., 2007).

Xie et al. (2015) performed a study with 15 blind users to explore types of help-seeking situations during their interactions with digital libraries. The blind participants were asked to conduct three search tasks, including known-item search, specific information search, and exploratory search, using American Memory Digital Collections. Findings of this study identify some unique help-seeking situations that blind users encountered at both the physical and cognitive levels. Nine main help-seeking situations at the physical level emerged from the data. They can be further classified into three subcategories: (1) difficulty in accessing information, (2) difficulty in identifying current status and path, and (3) difficulty in efficiently evaluating information. Eight main help-seeking situations at the cognitive level were derived from the data. They can be further classified into four subcategories: (1) confusion about multiple programs and structures, (2) difficulty in understanding information, (3) difficulty in understanding and using digital library features, and (4) avoidance of a specific type of format or approach.

Corresponding design implications are suggested to overcome help-seeking situations at both physical and cognitive levels. For example, in order to help blind users understand the file name of an image, digital libraries should provide clear labels for alternative text, and most importantly, the alternative text has to be meaningful for blind users. In order to assist blind users to make sense of digital library structure, header information needs to offer an overview of a page, and it is essential for the screen reader to continuously inform blind users of the current section in a page. Moreover, standardization of home and resource page layouts in collections would greatly reduce user confusion and facilitate them to decipher the overall structure of the digital library or a page. See also Chapter 8 for a related discussion of information needs of people with disabilities and their use of digital libraries.

The research for supporting universal accessibility of digital libraries is still in its infancy. While most of the research has focused on the accessibility issues for people with disabilities, there is still a long way to go to make digital libraries universally accessible. Moreover, accessibility of digital libraries is only the basic requirement, since blind users first need to access digital libraries and their associated pages. Usability of digital libraries is the second requirement because ease of understanding and ease of using are vital for blind users to interact effectively with digital libraries. More importantly, the ultimate goal for IR is to assist users to achieve their tasks (Saracevic, 2007a, b, 2015). Utility, or the usefulness of digital libraries in helping users to accomplish their information needs and tasks, is the third requirement, and is the most difficult one to fulfill, as distinct disabilities lead to distinctly complicated physical and cognitive help-seeking situations. The main challenge is whether we can design one digital library to satisfy all users’ needs, including users with and without disabilities.
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Chapter 8

User needs and search behaviors
Abstract
This chapter focuses on research regarding user needs and information retrieval in digital library environments. It starts with the introduction of different types of users and their use of digital libraries, ranging from children to college students to elderly people to people with disabilities. This chapter highlights the research on search tactics and information-seeking strategies as applied in the digital libraries. At the same time, usage patterns, in particular log analysis of digital library usage, are presented and compared to data generated from other types of digital environments. While users take leading roles in applying some search tactics, systems play dominant roles in other tactics. User engagement and system support for different types of search tactics in the search process are illustrated. Moreover, factors influencing digital library use are analyzed, including users’ personal infrastructure, types of tasks, and system design.
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Types of users and their use of digital libraries
Users are the main stakeholders of digital libraries. In order to design digital libraries for diverse types of users, we must first understand their needs, their search behaviors, and associated factors. Users of digital libraries have not been evenly investigated. While most of the studies focus on the children and college students, less research has been done on other types of users such as elderly people and people with disabilities.

Children and digital libraries
By studying children’s information-searching behaviors, researchers have identified tactics that children apply and roles they assume in the digital library searching process. With respect to the steps involved with searching, Bilal et al., (2008) studied the information-seeking behaviors of Arabic-speaking children interacting with the International Children’s Digital Library (ICDL). Children’s information search tactics consist of seven modes: Start, Recognize (scanning and selecting), Browse (viewing, verifying, and examining), Differentiate (viewing and sweeping), Read (viewing and flipping), Explore (navigation and backtracking), and Finish (ending a task or stopping). Foss and Druin (Foss, 2014; Foss and Druin, 2014) conducted a longitudinal study of 50 children from 2008–13 focusing on the roles children play in their interactions with digital libraries. At the outset of the study in 2008, researchers identified seven types of roles exhibited by the children, which emerged from the data: Developing, Domain specific, Power, Nonmotivated, Distracted, Visual, and Rule bound. In 2013, follow-up analysis of the same 50 participants revealed that the major change in children as they aged was the occurrence of a new Social role. The developing role and the domain-specific role were the most frequently observed roles in both the beginning and end of the study, in 2008 and 2013, respectively. However, over the course of the study as time progressed, the greatest percentage of change was in children moving from domain-specific searchers to power searchers, the most skilled type of role. Another interesting finding is that the study participants embodied multiple roles over the course of the longitudinal study.

Unique characteristics of children influence the design of digital libraries. In particular, children’s special cognitive and physical abilities are an essential consideration for digital library design. Based on a review of the literature regarding how children’s cognitive states influence their interactions with digital interfaces, Martens (2012) identifies children’s developmental restrictions, which include underdeveloped motor skills, difficulty with spelling, and difficulty in understanding hierarchies and metadata. Children’s diversity in age, race, background, and developmental skills poses a challenge for the development of digital libraries for children. Theng et al. (2000) worked with children as design partners and testers for the development of a children’s digital library. They found that children like a simple interface design with bright colors, graphics, and audio, and they enjoy having links to other relevant sources. In order to design digital libraries to satisfy children’s needs, multilingual, multicultural, and multigenerational issues also need to be considered (Hutchinson et al., 2005). After comparing children’s searching behaviors using different types of category browsers (tools for navigating categories) in the ICDL, Hutchinson et al., (2007) conclude that a flat interface is better than a hierarchically structured interface for children to perform both Boolean searching and casual browsing searches.

In addition to characteristics of children, the types of tasks that children perform also influence their interactions with digital libraries. After studying children’s searching for entertainment-related information versus problem-solving information, Wu (2015) discovers that children prefer to use a digital library more for entertainment, rather than to satisfy a particular information need or solve a problem. Moreover, they are more comfortable with uncertainty and demonstrate greater user control of the discovery process when searching for entertainment information than problem-solving information. The results also indicate that a gamelike interface is a great tool for learning.

Of course, not all children exhibit the same information-searching behaviors in digital libraries. After investigating children’s information-searching behaviors in the ICDL, Reuter and Druin (2004) conclude that first-grade children prefer browsing strategies while fifth-grade children apply more query searches. At the same time, girls love to search by colors while boys gravitate to character searching. In addition, older boys are more inclined to search by genre. In another study, Druin et al. (2010) point out that the developing searchers often need search tools with helpful features, such as auto-complete text or spelling correction, whereas children personifying the nonmotivated role usually do not ask for help when confronted with difficulties in searching information. The research of Druin et al. (2010) shows that factors, such as age, gender, and types of searcher, contribute to different information-searching behaviors in children.

International children have their own unique issues in searching digital libraries. After investigating the searching behavior of Arabic-speaking children using the ICDL, Bilal and Bachir (2007) notice that Arabic-speaking children do not recognize the representations embedded in the interfaces of the ICDL. This phenomenon was found to be mainly caused by three factors: lack of enough experience in using the Internet, lack of cognitive preparation, and lack of language ability. The researchers propose a simple visual interface with meaningful and noticeable icons along with an audio option to facilitate use among a variety of children representing culturally diverse groups. According to Jochmann-Mannak et al. (2008), most of the problems children experience with searching and browsing are caused by the interface design being designed by adults based on an understanding of adults’ needs. Adults generally have not considered children’s low motor skills nor their different approaches to searching and browsing. More research should investigate children’s search behaviors, and prototypes of digital library interfaces need to be designed and tested with children.

College students and digital libraries
Compared to children, college students have a different set of unique characteristics in using digital libraries. A large amount of money has been invested in online library resources, in particular digital libraries. However, college students do not frequently use these sources; instead, they choose less credible but easy to access Internet-based electronic resources (Booker et al., 2012; Gross and Latham, 2011). According to Booker et al. (2012), information literacy instruction is beneficial only at the early stages of students’ digital library use; however, a positive outcome has also been found through continued use of digital libraries after receiving information literacy instruction. In that case, the design of digital libraries needs to guide users, in particular expert users, to make good use of digital libraries.

Research has indicated that both undergraduate and graduate students use digital libraries because of ease of access, but interestingly, there is a difference among the two groups in the factors leading to not using digital libraries. Liu and Luo (2011) compared the digital library use of both undergraduate and graduate students. Research projects and papers are the main motivations for both groups to use digital libraries. For both groups, digital library use has saved considerable time in locating materials and resulted in reduced visits to physical libraries. They find that the factors affecting digital library use are similar between the two groups. Both groups consider “remote access,” “24 h access,” and “faster access” as the most important factors in deciding to use digital libraries. However, the factors influencing students who are not using digital libraries are quite different. While 52.0% of undergraduates selected “digital libraries are difficult to use” as the major factor, only 28.7% of graduate students chose the same reason. In contrast to undergraduate students, graduate students cited the lack of the availability of relevant materials and no access to archival and older publications as the main reasons for not opting to use digital libraries. After investigating the relationship between resistance to change and the perceived ease of use of a university digital library, Nov and Ye (2008) identify personalities that are resistant to change as a significant factor that determines the perceived ease of use, and further influences digital library use in a university setting.

Integrating different system acceptance models, Cheng (2014) proposes a model to explain users’ intentions to continue to use a digital library based on questionnaires distributed in a Taiwan university. Among the factors, the most vital ones accounting for users’ continuance intention for using digital libraries were found to be those of information relevance, system accessibility, and technical support. In another study, also based on questionnaires, Hu et al. (2014) analyze the factors affecting users’ perceptions of university digital libraries in China. Within all the service factors, information-providing services, information-retrieval services, and individual services play direct roles in influencing users’ perceptions of digital libraries, while the information-organizing services have an indirect role. In a qualitative study of undergraduate students’ use of digital resources, Matusiak (2012) finds that user perceptions of usefulness and usability, especially perceived ease of use, play an important role in user intentions to adopt and use digital collections for academic learning and teaching. The limited use of digital libraries is related to the following perceptions: (1) Library systems are not viewed as user friendly, which in turn discourages potential users from trying digital libraries provided by academic libraries; (2) Academic libraries are perceived as places of primarily textual resources; perceptions of usefulness, especially in regard to relevance of content, coverage, and currency, seem to have a negative effect on user intention to use digital libraries, especially when searching for visual materials.

College students apply a variety of specific information search tactics and strategies in interacting with digital libraries. Joo (2013) investigated how college students exercised different types of search tactics and how digital libraries supported these tactics. Users performed a known-item search task, a specific information search task, and an exploratory search task. The findings indicate there are differences in terms of the frequency and time of search tactics applied for different types of search tasks. The shifts between a series of search tactics form search strategies, which arise in their interactions in digital libraries. The data uncover four types of search strategies: result evaluation strategy, browsing strategy, iterative browsing strategies, and iterative search results evaluation strategies. Students’ perceptions of system support, difficulty, and satisfaction for each type of tactic were measured and were found to influence aspectual recall and users’ satisfaction with search results. In addition, system support for the evaluation of search results and the modification of search statements are considered less important than other types of tactics. With a different focus from Joo’s tactic study, Huang (2014) focuses on how learning styles affect college students’ help-seeking behaviors in digital libraries. This study explores how four dimensions—processing (active/reflective), input (visual/verbal), perceiving (sensing/intuitive), and understanding (sequential/global)—of learning styles affect users’ help-seeking behaviors, as well as help feature uses in their digital library searching process. Qualitative data analysis presents eight types of help features that are used by users with different learning styles. Active learners preferred interactive help features while reflective learners chose reflective help features; visual learners used visual help features, and verbal learners made use of both verbal and exploring help features; sensitive learners selected scaffolding help features, and intuitive learners preferred channeling help features; sequential learners liked the help features that include the sequential order, and the global learners did not use specific help features. Quantitative data confirm that three dimensions of learning styles—processing, input, and perceiving—influence subjects’ use of different types of help features when interacting with digital libraries.

Not all college students share the same search behaviors in digital libraries. Nicholas et al. (2009) compared students’ information-seeking behaviors with that of other academic communities in a digital scholarly environment. The results reveal that among students and other academic communities, students are the biggest users in terms of sessions and pages viewed. Undergraduate students are more likely to use the search features in one system but use the alphabetical or subject menu in another system. Undergraduate students are more frustrated than graduate students by searches not yielding enough results and by an overwhelming number of results with not enough details (Dougan, 2012).

Researchers have also compared college students and other types of users in their usage and evaluation of digital libraries. Matusiak (2006) uncovers a substantial difference between college students’ and community users’ information-seeking behaviors in searching digital libraries. In their first encounter with the collections, most students performed keyword searches. Simple one-word or one-phrase queries were entered by most of the students. They rarely used Advanced Search features. In contrast, community users applied more browsing searches, explored more features, and were more successful in finding relevant results. The main reason for the difference lies in the different mental models that students and community users have. While students treat the collection as another dynamic searchable web site that they are used to searching, the community users consider the site as an online exhibit. They take advantage of visual cues and browse the digital collections. Interestingly, Górny et al. (2015) observe that even though students and academics are not different from nonacademic users in their evaluation of digital libraries, nonacademic users rate the quantity of resources, reliability of digital library, and information searching higher than students and academics. On the other hand, expectations of nonacademic users are lower than the students and academics, who expect full-text searching, mainly because they are unexperienced users.

In summary, college students are an important demographic group for digital libraries. Nonetheless, it is a challenge to attract the Google generation of college students. Digital libraries must consider the unique characteristics and search behaviors of this group in order to attract these users and facilitate the effective use of digital libraries for them.

Elderly people, people with disabilities, and digital libraries
Elderly people have special needs as part of the natural aging process. Although no research has been conducted specifically on elderly people’s interaction with digital libraries, it is beneficial for us to review some of the relevant research on elderly people’s information searching. Fiske et al. (2009) specify the changes that aging brings to elderly people, including sensation (color, vision, auditory), perception (awareness of the environment), cognition (reasoning and memory), and movement (control to coordination). Older people have more difficulty accomplishing different computer tasks, which could lead to frustration (Decker, 2010; Smith et al., 1999). Elderly people in general have low self-efficacy and higher anxiety in using computers (Czaja et al., 2006). They have a tendency not to look for information beyond their comfort and ability level (Martyn and Gallant, 2012). Butcher and Street (2009) suggest that keeping instructions simple helps elderly users. On the contrary, Nasmith and Parkinson (2008) present different findings based on their study on senior blind users’ use of a digital talking book player in New Zealand. They find that seniors do have a positive attitude to change and are not afraid of technology if they are well supported.

In terms of using IR systems, compared to younger adults, older users, and in particular the ones who do not have computer experience, do not understand the search features and operations, and are not able to complete all the tasks and show more errors (Mead et al., 2000). Moreover, Stronge et al. (2006) notice that elderly people do not effectively apply search strategies. It is a challenge for some elderly people to understand IR systems and features (Mates, 2004). New technologies, such as mobile devices, bring both opportunity and challenge to elderly people. E-books and other digital materials are becoming more prevalent online. According to Kapusiak (2015), most of the Baby Boomers are unaware that public libraries offer e-books and other digital materials. Few were found to have accessed their public library web site from their mobile devices. Kapusiak further developed the Baby Boomer Mobile Device Searching Model based on her research findings that incorporated Predisposing, Intermediary, and Transactional Factors, which affected their use of mobile devices and their interactions with the mobile system. These factors include the perceptions of the user; knowledge infrastructures; digital literacy skills; self-efficacy/confidence; comfort level/uncertainty; physical ability; the information need and search task; mobile device; environmental, social, and cultural context consisting of the stability of the Internet connection; and social ageism. These interrelated factors influence the Baby Boomers’ tendency to initiate and perform a search on a mobile device. Not surprisingly, nonmobile device usage is still important and is still utilizied on a regular basis by most of the Baby Boomer participants.

While universal accessibility is a goal for digital libraries, few studies concentrated on people with disabilities. Bell and Peters (2005) report on four representative examples for using digital information technology to improve the accessibility and usability of digital libraries for all users: Online Programming for All Libraries (OPAL), Mid-Illinois Digital Talking Book (MI-DTB), Project: Audible E-Books, OverDrive: Unabridged Digital Audio Books, and InfoEyes (a virtual reference service for the visually impaired). Zhang et al. (2012) illustrate that accessibility technologies applied in the China Digital Library for the Visual Impairment web site can be beneficial. These technologies include accessibility of web site design, content presentation accessibility, and accessibility of auxiliary technology compatibility. Bertot et al. (2006) highlight accessibility as an important factor in digital library evaluation in addition to the functionality and usability. Accessibility refers to the ability for users with disabilities to access a digital library and focuses on the issues related to alternative forms of content, color independent, clear navigation mechanisms, and table transformation.

As one of the few researchers who have investigated blind users’ interaction with digital libraries, Xie et  al. (2014,  2015) conducted a study with blind users to explore types of help-seeking situations that occurred in their search processes. Three tasks representing typical search activities were selected for blind participants to perform in the Library of Congress Digital Collections: (1) a known-item search (find the letter written by Alexander Graham Bell to Helen Keller dated Mar. 23, 1907); (2) a specific information search (find when and how Presidents Lincoln and Garfield were assassinated); and (3) an exploratory search (identify some US immigration policy issues using multiple sources). A laptop with Internet Explorer 10, JAWS 12, and Morae 3.1 was used for this study. Multiple data collection methods were employed: prequestionnaires, presearch interviews, think-aloud protocols, transaction logs, and postsearch interviews. The main contribution of this study is the identification of nine types of unique help-seeking situations at the physical level and eight types of help-seeking situations at the cognitive level.

Help-seeking situations at the physical level are mainly related to the difficulty in accessing information, difficulty in identifying current status and paths, and difficulty in efficiently evaluating information. In particular, there are nine types of help-seeking situations: (1) difficulty in identifying the format of an item, (2) difficulty in finding the alternative text for an image, (3) difficulty in recognizing preexisting text in the input box, (4) difficulty in identifying the current location, (5) difficulty in returning to home, (6) difficulty in recognizing the page-loading status, (7) difficulty in finding a specific word or phrase in the digital library pages, (8) difficulty in finding heading information, and (9) difficulty in efficiently evaluating information (Xie et al., 2015).

Simultaneously, help-seeking situations at the cognitive level can be characterized as confusion about multiple programs and structures, difficulty in understanding information, difficulty in understanding and using digital library features, and avoidance of a specific type of format or approach. In particular, there are eight types of help-seeking situations that arise: (1) confusion about multiple programs, (2) confusion about digital library structure, (3) difficulty in recognizing a label, (4) difficulty in understanding help information, (5) difficulty in understanding how to use a specific function, (6) difficulty in making sense of organizational criteria, (7) avoidance of visual items, and (8) avoidance of the browsing approach (Xie et al., 2015).

Marcus (2003) introduces the universal design movement, which started in the United States. This movement presents a challenge for user-centered design for the disabled and elderly. Universal design anticipates diversity of ability and needs, thereby facilitating the development of sensible, useful, and doable designs. While the movement began over a decade ago, there is still a long way to go to create universal design for different user groups with diverse needs. Higgins and King (2013) point out that universal access to digital libraries is still in its infancy. It will take time and effort for the creation of digital libraries for the “disadvantaged,” which not only covers traditional minorities, such as African Americans, Hispanics, and Native Americans, but also persons with lower income and education, those living in rural areas, the physically disabled, as well as those in developing countries. Different challenges exist for different types of groups. These challenges include the tension among low-income users, publishers, and public libraries; varying standards for people with disabilities; cost issues; and technology infrastructure for people living in rural and developing countries.

For a related discussion of people with disabilities and digital libraries, see Chapter 7.

Characteristics of information search behaviors
Convenience is identified as one of the key characteristics of information search behavior in a digital library environment. Convenience consists of users’ preference for information sources, satisfaction with the sources, and their ease of use, as well as their time spent in the information search process. Research has shown that convenience is one of the main criterion used in the information search process. Users may sacrifice content for convenience (Connaway et al., 2011). The convenience principles affect how users learn and use digital libraries. Information search behaviors are characterized by information search tactics and information search strategies. They are the foci of user studies.

Information search tactics
Search tactics and moves are the elements of information search strategies. Researchers have applied different definitions of tactics and moves in their papers. In some cases, tactics and moves are used interchangeably. Incorporating Bates’ (1979, 1990, 1992) and Marchionini’s (1995) definitions, Xie and Joo (2010) further define the meaning of the terms moves and search tactics. According to them, moves are basic thoughts or actions in the information search process, while search tactics refer to a series of moves, including search choices and actions, that users apply to advance their searches in the information search process.

Tactic research has focused on query formulation and reformulation. Fidel’s (1985) operational moves are characterized by reducing or enlarging the size of search results, and conceptual moves are exemplified by intersecting, narrowing, or expanding the meaning of queries. Other researchers discovered the following tactics: broadening, narrowing, searching for an author, term checks, changing topics, error, and repeat (Shute and Smith, 1993; Vakkari et al., 2003; Wildemuth, 2004).

In addition to query formulation and reformulation tactics, tactics have been identified for different aspects of the search process. Bates (1979) organizes 29 tactics into monitoring (e.g., check, correct, etc.), file structure (e.g., select survey, etc.), search formulation (specify, exhaust, etc.), and term tactics (e.g., super, related, etc.). Extending Bates’ work on the Internet, Smith (2012) incorporates new dimensions—evaluation tactics and new tactics, such as context evaluating, crosschecking, etc. Search tactics are further analyzed with respect to the search process. Yue et al. (2012) associate the search tactics Query, View, Save, Workspace, Topic, and Chat with a search process, such as defining a problem, selection of sources, and examining results. Children’s information search tactics in digital environments are classified into seven modes: Start, Recognize (scanning and selecting), Browse (viewing, verifying, and examining), Differentiate (viewing and sweeping), Read (viewing and flipping), Explore (navigation and backtracking), and Finish (ending a task or stopping) (Bilal et al., 2008).

Previous research on moves and tactics sets up a foundation for researchers to further investigate patterns of search tactics in the digital library environment. Very few studies have explored the application of search tactics in digital libraries. Joo (2013) examined how users incorporated search tactics in terms of frequency, time, changes in a session, and transition patterns in their interactions with digital libraries. Adopting the tactics identified by Xie (2008) and Xie and Joo (2010), Joo (2013) analyzed the application of nine types of tactics: create search statements, explore information, modify search statements, organization of search results, access forward, access backward, evaluation of results, and evaluation of individual documents. The results show that users apply different search tactics for different types of search tasks. The accessing forward, browsing information, and evaluating results tactics are the top search tactics used in accomplishing a known-item search. Evaluating results, accessing forward, accessing backward, and evaluating individual documents are the top search tactics chosen in achieving a specific information search task. In fulfilling an exploratory task, evaluation of individual documents, accessing forward, accessing backward, and evaluating results are the top search tactics employed. Interestingly, the exploring tactic takes the longest for a known-item search; the evaluation of result tactics takes the longest for a specific task; and the evaluation of an individual document tactic takes the most time to complete for an exploratory task. The findings of tactics applications in digital libraries offer significant implications for system design to support different types of search tactics in the search process.

Information search strategies
Search strategies consist of combinations of tactics or moves and can be characterized by types and dimensions. Research has indicated that there are unique qualities in terms of information search strategies as applied in the online database environment. Building blocks, pearl growing, successive fractions, most specific facet first, and lowest postings facet first are the top strategies cited by researchers (Markey and Atherton, 1978). The known-item instantiation strategy, the search-option heuristic strategy, the thesaurus-browsing strategy, and the screen-browsing strategy represent strategies associated with system features (Chen and Dhar, 1991). Plan strategies occurring before the first move are comprised of author, title, concepts, external support, system features, etc. Reactive strategies are exercised based on the previous move including focus shifts, search-term relationships, error recovery, etc. (Soloman, 1993).

Search strategies in web search engines have similarities as well as differences from other digital environments. Search strategies inferred from log analysis show similarities and differences compared to an OPAC environment. The similar strategies include specified, generalized, and building blocks, etc., while the following different strategies have been found: dynamic, multitasking, and recurrent (Bruza and Dennis, 1997; Lau and Horvitz, 1999; Rieh and Xie, 2006). The novel design and features of the web and web searching environment have also spurred the identification of new strategies. Wang et al. (2000) highlight 10 problem-solving strategies in web searching: surveying, double checking, exploring, link following, back and forward going, shortcut seeking, engine using, loyal engine using, engine seeking, and metasearching.

Information search strategies in digital library environments also have their uniqueness. The design of digital libraries is rooted in the associated search strategies: query searching and browsing. Reuter and Druin (2004) discuss the differences in using query search and browsing strategies in children’s interactions with digital libraries. Marchionini and Geisler (2002) specify three types of search strategies in video digital libraries: searching, browsing, and contributing. Matusiak (2006) studied how university students and community members interact with digital libraries and found that users started either with browsing or keyword searching, and applied both strategies as they continued their interactions with the system. Albertson (2015) reviews research conducted on visual information searching. Search and browse are the two common strategies in information searching. Although searching occurs throughout the information search process, it is the most common starting point for users. Search can also be the product of exploratory browsing. Search for visual items in general starts from broad and moves to narrow searches. Browsing plays a more important role in visual systems, including digital libraries, because these systems’ browsing mechanisms facilitate users’ navigation through their collections, and can serve as an exploratory action. Compared to searching, browsing is still considered as a secondary strategy.

Joo (2013) further looked into search strategies based on the order of a series of tactics. In a known-item search, users implemented a search result evaluation strategy and a browsing strategy. A specific task search was found to be similar to a known-item search, in that users selected the same search strategies, with the difference being that search result evaluation strategies were more frequently used with iterative loops. In an exploratory search, iterative browsing and iterative search result evaluation strategies were most frequently chosen. Search strategies consisting of various tactics need to be further scrutinized to identify search patterns. A deeper understanding of the patterns arising out of search tactics and strategies could be translated into design implications for more effective interaction with digital libraries.

Usage patterns
Log analysis is an effective approach to illustrate usage patterns, in particular how users interact with digital libraries. Digital libraries were not frequently used compared with other types of online resources, especially in the early age of digital library development. In a study in 1996, 35% of users accounted for 80% of the usage (Entlich et al., 1996). Fifteen years later, many college students still do not use digital libraries (Booker et al., 2012; Gross and Latham, 2011).

Query analysis is one research area that log analysis has focused on. Research has shown that short queries and a lack of the use of advanced searches typify digital library searches. A single search term was used in 81.5% search operations, and only 18.49% searches used Boolean operators, with a 0.1% subset of the Boolean searches incorporating previous result sets (Sfakakis and Kapidakis, 2002). According to Lowe’s (2013) search log analysis of the ARTstor Cultural Heritage Digital Library, the average number of terms per query is 1.88 terms. Nearly 80% of the queries contain two or less terms, with half of the queries as one-term queries (49.70%) and 30.07% as two-term queries. The unique queries, nonunique queries, and queries with refiners comprise 54.89%, 21.39%, and 23.73%, respectively. Remarkably, queries become more generalized, simplified, and shortened across time. The findings are echoed by another log analysis study of digital libraries reporting an average 1.96 terms per query (Han et al., 2014). In searching for folktales, searchers on average entered 1.4 terms in a single query when conducting simple searches, but most of the queries (75%) consist of only a single term. In advanced searches, the queries are composed of 1.95 terms per query. The most noteworthy finding is that 3.4 result pages are viewed on average (Trieschnigg et al., 2013).

The special focus of a digital collection determines whether users search for mostly names of events, people, places, and actions. Choi and Rasmussen (2003) discover that the most popular searches generated by college faculty and students in searching the American History Digital Collection are the names of an event, action, or condition; individual names; and place names, consisting of 64.87% generic terms and 26.49% specific terms. In searching the ARTstor Digital Library, people, locations, and objects account for approximately 30% of the submitted queries (Lowe, 2013). A recent study (Han et al., 2014) yields similar results. Query analysis of digital collection usage shows that personal names and geographical locations are the main foci of searches. Of course, the top type of query is related to the nature of the digital collection. For example, art historical information and local information represent the top queries in the above two studies, respectively. Trieschnigg et al. (2013) notice that simple searches and advanced searches are used for different purposes. In their study of the Dutch Folktale Database, these researchers indicate that searching for subgenres and main characters are more often satisfied by simple searches. Advanced searches concentrate on particular stories or collections, subgenres, and story types. Duffy (2013) performed a study on historians’ searches in HathiTrust. The findings show that historians use more open book repositories to search for relevant information, but searching full text is a big challenge for them. In addition to primary sources for historians, HathiTrust offers Library of Congress Subject Headings (LCSH), which enable historians to increase the precision of their searches. It is important to teach researchers and students alike to learn how to incorporate LCSH in their searches.

Among all the features in the digital libraries, search features, organizational features, and viewing features are the most frequently utilized. For example, the search function was found to be the most used based on the transaction logs of a Korean digital library (Zhang et al., 2001). In particular, the author search was the most popular search, accounting for 32.1% of all searches. Research also reveals that syntax and format errors occurred in 17.6% of searches (Entlich et al., 1996). In a similar finding to that of the investigation of the Korean digital library, Lowe (2013) concludes that the most frequently used type of search in the ARTstor Cultural Heritage Image Database is an artist name search. An artist name search and an author search can both be considered searches for the creator. Organizational feature scaffolds were the most utilized in the context of finding science information among high school students (Lumpe and Butler, 2002). In another study, “search” and “present” corresponded to more than 80% of the operation usage. Few users employed the “browse” operation (4%) or the “search history” operation (1%) to refine their search results (Sfakakis and Kapidakis, 2002). Users’ viewing behaviors and content viewing also have been investigated (Nicholas et al., 2005,  2006).

Usage pattern research has also extended to mobile users’ interaction with digital libraries. After analyzing log data of Europeana mobile users, Nicholas and his associates (Nicholas et al., 2013; Nicholas and Clark, 2014) find that mobile users are the fastest-growing user groups, and they exhibit unique interaction behaviors compared to nonmobile users. They prefer to use personal mobile devices to interact with Europeana rather than their office desktop or laptop devices. They are less interactive and view less content. In addition, they do not spend a long time on the site, and they normally visit on evenings and weekends. Cultural institutions and their members are loyal users. Interestingly, Europeana user growth from the site itself is higher than the overall visitors from social media referrals.

Moreover, usage patterns have been analyzed to identify the impact of digital libraries, which includes research trends, the value of digital libraries, and a deep understanding of users’ information-seeking behaviors. Bollen et al. (2003) compared digital library usage patterns to the Institute for Scientific Indexing (ISI) Impact Factor values during the same years to identify local research trends in the institution. Similarly, Górny et al. (2015) uncover the impact of digital library use on users’ interest based on survey results of Polish digital library use from nonacademic users. They discover the emergence of digital libraries in Poland leads to great interest in genealogical or local historical research because of the content coverage of digital libraries. Kurtz et al. (2005) introduce the concept of utility to assess the value of digital libraries. By integrating usage logs, membership statistics, and gross domestic product (GDP) data, the impact of the NASA Astrophysics data system digital library is assessed. They also assign specific values for digital library evaluation. To be more specific, the value of the digital library in 2002 equaled 736 full-time researchers, or $250 million. Employing deep log methods of analysis of a million users’ request to a digital library, researchers (Nicholas et al., 2005, 2006) explore users’ view behaviors, especially what a user is viewing, to understand their degree of penetration of a system.

Notably, usage patterns do not show much difference in different environments. Most of the users apply their mental model of web search engines to digital libraries. Short queries, short sessions, minimum view of search results, and similar unique queries are shown in web search engine, OPACs, and digital library environments (Xie, 2008). More queries contain Boolean operators in digital library environments than in web search engine environments (Jones et al., 2000; Wang et al., 2003). Wolfram and Xie (2002) define the context of digital libraries as representing a hybrid of both “traditional” IR, using primarily bibliographic resources provided by database vendors, and “popular” IR, exemplified by public search systems available on the World Wide Web. Users’ search topics are suited to online databases, but their search behaviors are more similar to searching web search engines. After analyzing log data from two large-scale digital libraries, the National Science Digital Library and Opening History, Zavalina and Vassilieva (2014) conclude that users prefer a basic keyword search rather than an advanced search, which is consistent with users searching online catalogs and other information retrieval systems. However, users opt for more advanced searching in both large-scale digital libraries than when searching on the web or in online databases. This is mainly attributed to the case that there might be a large number of domain expert users in digital-scale domain-specific digital libraries. Contrary to other research findings, this study also reports that the average search query length in digital libraries is shorter than in most transaction log analysis studies of online catalogs and web search engines. It seems the results of usage patterns from log data vary among different types of digital libraries. More research is needed to better understand the commonalities that do exist from one digital library to another. Design library designers should be extremely mindful of the specific usage patterns of their target user groups.

User involvement and system support
Previous research
While users take leading roles in applying some search tactics, systems play dominant roles in other tactics. Users need to be intellectually engaged while the system assists them by providing different system features. According to Xie et al. (in press), user involvement is defined as users’ behavioral and cognitive activities in applying different types of search tactics during the search process. System support refers to types of functions that IR systems provide to users to facilitate the effective completion of users’ search processes. Researchers have long investigated the extent of user control and system support for handling different types of search tactics (Bates, 1990; Beaulieu and Jones, 1998; White and Ruthven, 2006; Xie and Cool, 2000; Xie, 2003; Xie et al., 2013, in press). In IR processes, users are requested to be an active participant rather than a passive recipient of, and reactor to, output from the system (Belkin, 1993).

Since Bates (1990) initiated the issue of balancing user involvement and system support in terms of IR system design, it has become an ongoing research topic (Bates, 2002; Hendry and Harper, 1997; Savage-Knepshield and Belkin, 1999; White and Ruthven, 2006; Xie, 2003; Xie et al., in press). In particular, two studies specifically have investigated the issue of ease of use and user control. Xie (2003) directly compared users’ perceptions of ease of use versus user control in fulfilling their search activities. The major finding of her study is that the extent of system support and user control differed by various search activities. The proposed model of optimal support for ease of use and user control highlights different roles that systems and users play in achieving various IR subtasks. Focusing on user control, White and Ruthven (2006) find that users prefer more control during search result evaluation, but expect system assistance in query reformulation and making search decisions.

Researchers have recognized the importance of offering different options to support both basic and advanced interfaces (Vilar and Zumar, 2005). Matching user behaviors and system support is another area for research. Marki et al. (2008) identify different types of information behaviors and associated system supports. More specifically, different types of supportive techniques are proposed for different types of users’ involvement in search processes (Yuan and Belkin, 2007,  2010). Faceted interfaces for effective browsing are suggested to support users with poorly defined goals (Wilson et al., 2009).

Accordingly, new measurements have been proposed to judge user engagement and system support. With respect to user engagement, four elements have been identified, including the point of engagement, the period of sustained engagement, disengagement, and reengagement (O’Brien and Toms, 2008). Turning to system support, how the usefulness of system features is measured depends on how users’ search tactics, search strategies, and goals are supported (Belkin et al., 2009; Wilson, 2009). The main contribution of these studies in IR system evaluation is that they not only focus on interaction outcomes but also interaction processes.

An in-depth look at user involvement and system support in digital libraries
Recently, Xie et  al. (2013; in press) explored various types of user involvement and system support relative to different types of search tactics occurring during interactions with four type of IR systems: web search engines, OPACs, online databases, and digital libraries. In this section, the report of the findings concentrates on user involvement and system support in digital libraries. Information-searching diaries and questionnaires serve as data collection instruments to study 61 subjects. Three categories of search tactics are derived from quantitative analysis: user dominated, system dominated, and balanced tactics. User-dominated tactics consist of selecting databases/collections, creating search statements, exploring, and evaluating tactics. System-dominated tactics include monitoring, organizing, accessing, and recording. Balanced tactics consist of learning and reformulating tactics. While users and the system have to play dominant roles in accomplishing user- and system- dominated tactics respectively, users and systems are equally engaged in applying balanced tactics. The authors propose a model that illustrates user involvement and system support in applying user-dominated tactics, system-dominated tactics, and balanced tactics.

Some examples may help shed light on user-dominated, system-dominated, and balanced tactics in the digital library environment. Considering user-dominated tactics, participants had to make intellectual decisions by applying their domain knowledge, system knowledge, and information-retrieval knowledge and skills to the Select, Create, Explore, and Evaluation tactics. Participants clearly knew what they wanted and hoped digital libraries could enhance their knowledge to make quick decisions. In order to effectively explore information, participants had to have some knowledge on the organization of the browsing mechanism. A typical quote sums it up, “When exploring information I would like the IR system to organize the topics into headings or subcategories. American Memory does this a little with photos and prints, and then once the user’s clicks on that topic, it breaks into subcategories about what types of pictures.” In the process of evaluation, participants also needed to understand how the results are organized so they could effectively select the relevant item. As one participant put it, “For the IR system that I dislike the most in terms of organization is American Memory. American Memory organizes in terms of relevance but was not clear to me at first of how it might be relevant without further exploration.”

Moving to system-dominated tactics, systems play a major role, while users are the originators of these tactics. Participants decided when and what to monitor, organize, access, and record, and they expected the system to implement their decisions. Participants delegated execution of system-dominated tactics to the system. To this end, they needed more features capable of achieving these tasks. Without these features, participants had to spend more time and effort to get the work done. Monitoring is essential in the search process for users to know their current status and their paths, and participants relied on system features, such as search history, to lead them. One participant complained, “The National Science Digital Library does not have a way for me to view search history or to return to previous search screens. This makes it difficult for me to return to other search results I find helpful or to return to the original search after I’ve modified the results.” Again, another complaint regarding the lack of a zoom feature when accessing individual documents, “I was most disappointed by American Memory’s access to written documents. When I was looking at some of Lincoln’s letter, I could not view the larger image along with the transcription. I was also not able to zoom in on a particular word that I might have trouble reading.”

Balanced tactics require that both users and systems collaborate together. For example, in the process of learning how to use a digital library, users have to interact with the help mechanism. Users need to identify the problem and select appropriate help features while systems need to provide understandable explicit and implicit help features regarding how to solve the problem. It was difficult for participants to find the help they needed. One participant revealed a problem with a lack of context-sensitive help, “The search help page on the American Memory was ambiguous, and if the direct question was not listed under FAQ’s, then one must attempt to browse more collections by ‘trial and error.’ This particular feature was not one I felt was easily explained through the help section.”

In order to support user-dominated tactics, it is important for digital libraries to adapt to users in their search process. One approach is to offer knowledge support based on user profiles, search patterns, and click-through data. Social media, in particular social tagging, can be also beneficial to users to extend their topic knowledge by allowing users to see how others provide relevant terms for an item. In support of system-dominated tactics, digital libraries need to offer more options for users to monitor their search process, organize their search results, access individual documents, and record different formats of documents. It is also essential to remove all unnecessary paths and provide one-click solutions for users to effectively apply system-dominated tactics. To assist users with balanced search tactics, it is vital to promote interactions between users and digital libraries. Offering relevant feedback is an implicit way for digital libraries to interact with users to assist them in modifying their search statements. Context-sensitive help is one good example of initiating effective interactions from the digital library side for users to acquire system, domain, and information-retrieval knowledge.

Factors affecting digital library use
Fig. 8.1 summarizes and illustrates the factors—user personal infrastructure, tasks, digital libraries—that affect information search tactics, strategies, and digital library use.

[image: image]Figure 8.1 Types of Factors Affecting Digital Library Use



User personal infrastructure
User personal infrastructure, consisting of domain knowledge, system knowledge, information retrieval-knowledge learning/cognitive styles, and self-efficacy, has been demonstrated as one of the key factors affecting IR system use. Among the three types of knowledge, domain knowledge has influenced information search tactics, information search success, and information-seeking behavior (Bilal, 2001; Hirsh, 1997;  2004; Hsieh-Yee, 2001; Marchionini, 1995). In particular, domain knowledge affects the selection of search tactics, change of search tactics, the creation of complex queries versus ineffective search strategies, and making physical moves (Hembrooke et al., 2005; Hsieh-Yee, 1993; Shiri and Revie, 2003; Wildemuth, 2004). Kelly and Cool (2002) state that as users’ familiarity with a topic increases, their searching efficacy increases and their reading time decreases.

Research has shown that domain knowledge has a particular impact on children’s information searching and their outcome. Hirsh (1997,  2004) finds that children with high domain knowledge perform better in information searching than children with low domain knowledge. Hirsh (2004) notices that children with high domain knowledge are able to modify their search queries based on the retrieved results. These same children prefer keyword searching, while children with low domain knowledge favor using the browsing strategy. One plausible explanation is that the limited domain knowledge of children causes difficulties in formulating queries via keyword search (Gossen et al., 2013). Despite the work of some, not all researchers generate the same results. Bilal (2001) emphasizes that the influences of children’s domain knowledge are not significant based on her research results, but “this finding was mainly due to the unequal distribution in the number of children who had high ratings on these variables and those who had low ratings” (p. 130).

In the digital library environment, user studies yield similar results regarding the impact of domain knowledge. Albertson (2010) investigated how users’ familiarity with visual search topics influenced their interactions with interactive video digital libraries. The variables associated with user interactions consist of the keyword, title browse, color, shape, texture, all visuals, textual promote, and details. The results show that topic familiarity affects users’ use of details, use of promotes, use of color, and use of textual promote. Information-retrieval knowledge and search experience also influence users’ search behaviors. The number of pages, task solution time, and types of items accessed are different between novice and expert users (Saito and Miwa, 2007). Just as those with domain knowledge, expert users are better at searching than novice users, whereas the novice users tend to browse (Lazonder, 2000). Users who have advanced digital library knowledge create advanced queries (Trieschnigg et al., 2013).

In most of the cases, different types of user knowledge codetermine users’ behaviors in searching a digital library. Users, who have better knowledge in searching digital libraries and their topics, use more complex structures, and more specialized and informative access points. Moreover, user behavior changes over time. Users decrease the number of operations in their sessions, as they get more experienced with digital libraries (Sfakakis and Kapidakis, 2002). Collecting data from 120 subjects, Xie and Cool (2009) identify 15 types of help situations which can be further characterized into seven categories: (1) inability to get started, (2) inability to identify relevant digital collections, (3) inability to browse for information, (4) inability to construct search statements, (5) inability to refine searches, (6) inability to monitor searches, and (7) inability to evaluate results. Sixteen factors lead to the 15 types of help situations that subjects encounter in their interactions with digital libraries. These 16 factors represent four categories: personal knowledge structure, task dimensions, system design, and interaction outcome. Personal knowledge structure is composed of knowledge related to the digital library that users interact with, retrieval knowledge related to how to search for information, users’ past experience in searching for information in different types of IR systems, as well as their preference in searching for information. Each type of knowledge either determines or codetermines different types of help-seeking situations. Based on the data collected from 60 subjects constituting different academic disciplines, Huang (2014) explored how learning styles affected novice users’ help-seeking behaviors in searching digital libraries. The results indicate that novice users with different learning styles select different types of help features. Quantitative data supports the finding that learning styles have an effect on help-seeking interactions. Fifteen help-seeking approaches occurring in users’ interactions with digital libraries are identified. Self-efficacy is another factor that plays a role in users’ interactions with digital libraries. Tang and Tseng (2013) investigated the relationships between distance learners’ self-efficacy and their information literacy skills in using digital libraries. The results show that learners with high self-efficacy in information searching in digital libraries demonstrate higher self-efficacy in online learning. In addition, learners with high self-efficacy show better skills in selecting digital resources than learners with low self-efficacy.

Types of information-search tasks
Just like user personal infrastructure, the task is another crucial factor that affects information search behaviors. Both work tasks and search tasks have an impact on information search behaviors (Byström and Järvelin, 1995; Li, 2009; Xie, 2009). Xie (2009) identifies nature, stages, and time frame as dimensions of work task; and origination, types, and flexibility as dimensions of search task. She finds that information-seeking processes, such as planning, search strategy selection, and shifts in tactics, vary in different work and search tasks. In addition, task complexity has been demonstrated to have a direct impact on information-seeking activities and search performance (Byström, 2002; Byström and Järvelin, 1995; Li, 2010).

The relationships between types of search tasks and tactics have been investigated, although there is discrepancy in the results. According to Hsieh-Yee (1998), there is no significant differences among search tactics (tactics for starting, tactics for too many items retrieved, and tactics for no relevant items retrieved) enacted for known-item searches and subject searches. In contrast, search task types of known-item searching and subject searching have been found to significantly affect search tactics, such as web site views and search tool use (Kim and Allen, 2002). Children select more natural language queries in addition to looping and backtracking more on fact-based tasks, and browse more on self-generated tasks. They also apply more analytic searches on these two tasks than on research tasks (Bilal and Kirby, 2002).

Meyyappan et al. (2004) created a task-based digital library in which three different information organization approaches (alphabetical, subject category, and task based) are used to organize heterogeneous resources. The results of the comparison of three approaches indicate that the task-based approach is the most effective in organizing information in the digital library. Xie (2006) investigated human-work interaction in a corporate setting for the development of a digital library. In her study, the first type of interaction activity consists of task activities. The author identifies three dimensions of work tasks:
• The nature of task (routine, typical, or new)

• The type of task (updating information or looking for specific information, a known item, or items with common characteristics)

• The time frame of the task (extremely urgent, urgent, or nonurgent)

The three dimensions of task activities greatly affect three types of interaction activities: decision, collaboration, and in particular, strategy activities. “Updating information corresponds to a ‘browsing strategy,’ in which a user scans to find a match with his or her information need. Looking for specific information is associated with an ‘analytical search’ whereby a user analyzes his or her needs and compares relevant aspects of information resources. Looking for items with common characteristics corresponds to an ‘analytical search’ and ‘search by analogy’ wherein a user finds items that are similar to a known item. Looking for known items is related to a ‘bibliographical search’ in which a user knows some information regarding an item, such as author, title, etc.” (p. 134). It is important to investigate the multiple dimensions of tasks and how they influence users’ information-searching behaviors.

In digital library environments, different types of tasks have been demonstrated as one of the key determining factors affecting users’ information-searching behaviors. In a help-seeking situation study (Xie and Cool, 2009), three types of task dimensions represent a task: task requirement, task type, and task complexity. Task requirement refers to a special condition for a task, such as time, identifying different approaches, etc. Task type refers to different types of tasks, such as looking for specific information, items with common characteristics, and different aspects of a topic. Task complexity refers to the level of difficulty of a task. The findings of the study show that task requirement, although codetermined with other factors, influences the help situations related to browsing and refining searches; task type affects the help situations related to creating search statements, refining searches, and evaluating results; and task complexity determines the help situations related to creating search statements and refining searches.

System design
User personal infrastructure, tasks, and system design are the three parallel factors having an impact on information-searching behaviors and search performance. The interface design of IR systems has a huge impact on children’s search behaviors (Jochmann-Mannak et al., 2008). Complex interfaces, in particular, have affected children’s information-seeking behavior (Bilal, 2004). Hutchinson et al. (2006) investigated whether the flat and the hierarchical interfaces influenced children’s search performance. Children were able to perform searches faster on the flat interface than on the hierarchical interface. Likewise, it was easier for them to use the flat interface than the hierarchical one.

In digital library environments, interface design, collections, and metadata are all part of a digital library. After examining the usage data of different access points, Sfakakis and Kapidakis (2002) conclude that the type of content in a collection and the detail of the existing metadata play a role in how users choose different access points. Focusing on museum practitioners, Chen’s (2007) study suggests that both the context of the collection and the system itself, including cataloging practices, have an impact on the information-seeking behaviors of the user. The organization of search results also leads to unusual viewing behaviors. While users view far fewer result pages in other types of IR systems, on average they viewed 3.4 result pages in a digital library. One explanation for the large number of result pages viewed might be the fact that the results are not ranked by relevance, but by ID number (Trieschnigg et al., 2013). In a log analysis study of two large-scale digital libraries, users engaged in more advanced searches in the National Science Digital Library (NSDL) than Opening History (OH) because NSDL offered more search limit options than OH. In addition, the coverage of the digital libraries also impacts the content that users search for. While NSDL users searched more for concepts and objects, OH users searched more for place, person, corporate body, ethnic group, event, and class of persons (Zavalina and Vassilieva, 2014).

Joo (2013) examined how users applied different search tactics in conjunction with the associated system support in the digital library environment. In this study, system support refers to “the representation of system features to assist users’ behavioral activities or cognitive intention to facilitate user-system interactions during an IR process” (p. 14). His results show that system support significantly affects users’ satisfaction with the search process, their satisfaction with the search results, and aspectual recall. Adapting Skov’s nested diagram model, Joo (2013) adds contextual factors into the diagram to illustrate the features that influence the information-retrieval process.

The diverse needs of different user groups, consisting of children, college students, scholars, elderly people, and people with disabilities, and their unique information-searching behaviors pose a challenge for the development of digital libraries with diverse collections built in different content management systems. The questions are: Should we design a one-size-fits-all digital library for everyone? How can we design digital libraries to satisfy diverse user needs and behaviors? Moreover, the Google generation is used to web search engines. The impact of web search engines on digital library use is obvious. A related question is: Is it possible to keep the unique design (e.g., browsing features) of digital libraries and also adopt simple interface design? Therefore, user needs and behavior studies should take system design implications into consideration and offer recommendations to promote and facilitate the interactions between users and systems.
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Chapter 9

Digital preservation
Abstract
This chapter discusses research and practical approaches to digital preservation in the digital library field. It begins with a review of terminology, definitions, and conceptual frameworks with a special emphasis on theoretical models in digital library research. Next, it examines the challenges, goals, and strategies in preserving digital objects. The focus of the discussion is on understanding the risks associated with preserving digital information and on the approaches developed by the preservation community to mitigate the major threats. Furthermore, this chapter discusses the state of digital preservation practice in the digital library field and provides a set of practical guidelines for preserving digital library assets. Finally, it reviews selected standards and technical solutions to preserving digital content.
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Introduction
Digital preservation represents an emergent area of digital library research and practice. It focuses on the policies, technologies, and strategies to ensure that digital library objects and collections are available and usable now and in the future. Digital preservation encompasses materials born in the digital format as well as those converted from the analog format through the digitization process. Concerns about preserving digital content are not unique to digital libraries. All resources in the digital format are fragile and susceptible to information loss. Multiple risks stem from the unstable nature of digital formats, degradation of storage media, and technological obsolescence. As the members of the Blue Ribbon Task Force on Sustainable Digital Preservation and Access note, digital preservation is a universal and “urgent societal problem” (Berman et al., 2010, p. 9).

In the context of digital libraries, the challenge of digital preservation is compounded by the structural complexity of digital objects and the interrelatedness of objects, collections, and repositories (Ross, 2012). The models and solutions for preserving content in present-day digital libraries will have an impact on future access to cultural heritage and scientific information. As Seadle (2008) emphasizes, “the digital libraries in 100 years will face problems that stem from the choices that we as librarians make today” (p. 5). Long-term preservation of digital content is recognized as a core function of digital libraries in the DELOS Manifesto (Candela et al., 2007), but it does not feature prominently in other definitions and frameworks. The practice of preserving digital objects has evolved since the first digital libraries were developed in the mid-1990s, but research in the area of digital preservation is relatively new (Chowdhury, 2010; Ross, 2012).

The concept and principles of preserving analog materials are well established in the library and archival community, although, as Cloonan (2007) points out, the institutional, custodial model is somewhat paradoxical in the modern world. Preservation is understood as an act of responsible custody aimed at preventing the deterioration of cultural heritage materials and restoring their usefulness and information value (Conway, 2007,  2010). Conway argues that the fundamental principles of digital preservation are the same as those of the analog world and define the priorities for ensuring the longevity and the useful life of information resources. The core concepts of preserving analog materials in regard to longevity, choice, quality, integrity, and access carry over to the digital environment, but the methods and practice are fundamentally transformed.

A comparison of analog and digital preservation approaches points to a continuum in principles but also highlights the distinct nature of preservation activities in the digital realm. In contrast to traditional practices, digital preservation is an urgent and ubiquitous issue. All digital objects, rather than selected items, are subject to preservation, although the level of activities performed on the object can differ. Digital objects are inherently more vulnerable than analog materials and require immediate attention from the point of creation. The standards and formats selected for encoding have implications for the quality and long-term maintenance of digital content. As Walters and Skinner (2010) stress, “the ways that objects are created, curated, and stored matter immensely in how preservation-ready they ultimately are” (p. 264).

Digital preservation needs to be ongoing with activities integrated into all phases of creating, managing, and storing information. Cloonan (2015) emphasizes the dynamic nature of the digital preservation cycle—that it is not linear and requires multiple actions. Lavoie and Dempsey (2004) point out that digital preservation is not an isolated activity but rather a set of practices diffused throughout the information lifecycle. In the analog world, conservation activities tend to occur toward the end of a resource’s lifecycle. Once physical items receive conservation treatment and are stored properly, no additional attention may be required. In contrast, this type of “benign neglect” can be catastrophic for digital materials (Corrado and Moulaison, 2014; Ross, 2012; Walters and Skinner, 2010). Ross (2012) notes, “as a result of the constant evolution of technology, the degradation of storage media and the ever-increasing pace of ‘semantic drift,’ digital objects do not, in contrast to many of their analog counterparts, respond well to benign neglect” (p. 46). Digital preservation involves not only an active and continuous management of digital content but also monitoring of the evolving technological environment and preservation methods.

Digital preservation is a complex technical, social, economic, and organizational issue. Its complexity in digital libraries stems from the fact that it is interwoven into the process of creating, using, and maintaining a wide array of digital materials and collections. The sustainability of digital content depends on the careful management of preservation risks, organizational policies, institutional commitment, and technical infrastructure (Bradley, 2007; Corrado and Moulaison, 2014). Technical aspects have received a considerable amount of attention in the preservation community because of the immediate need of keeping intact files and protecting them from storage media failure and obsolescence. Increasingly, the researchers in the digital library field recognize that contextual information needs to be preserved along with the bitstream to render the bits as useful and meaningful objects (Beaudoin, 2012a; Chowdhury, 2010; Ross, 2012). Lesk (2014) captures the broader aspects of digital preservation by observing, “the greatest danger to digital materials is that we forget the meaning of them. Preservation depends on our knowledge: we may have bits but be unable to interpret them” (p. xvi).

The field of digital preservation is still evolving, but significant progress has been made in building technological infrastructure and in developing policies, recommendations, and standards. The Task Force on Archiving Digital Information was established in 1994. The work of the Task Force resulted in a foundational report, which not only identified the critical challenges to preserving digital content but also provided a set of far-reaching recommendations (Waters and Garrett, 1996). The National Digital Information Infrastructure Preservation Program (NDIIPP) was formed by the Library of Congress in 2000. The National Digital Stewardship Alliance continues the work of NDIIPP, setting the agenda for national digital preservation and contributing to the development of standards and tools. Similar collaborative initiatives have been established in other countries with exemplary programs in the Netherlands and New Zealand (Library of Congress, n.d.). A number of research projects undertaken in Europe, including DELOS, Open Planets Foundation (currently Open Preservation Foundation), and DigitalPreservationEurope, have had a significant impact on advancing the field of digital preservation (Ashenfelder, 2011; Brown, 2013; Library of Congress, n.d.). The last two decades of preservation research and practice resulted in developing more stable formats, preservation metadata standards, and trusted repositories.

Defining digital preservation
Several definitions and conceptual models of digital preservation emerged in the cultural heritage community. They tend to focus on general policies, strategies, and activities to ensure access to any cultural or scientific information encoded in digital form. The context of digital libraries and their complex structures are rarely addressed as a separate issue. Conway (2007) notes, “preservation remains an ill-defined concept when applied to the development of digital library projects and collections” (para. 1). digital libraries not only share goals and approaches for preserving digital content with other scientific and cultural heritage domains, but also face unique challenges in regard to maintaining the relationships between digital objects and collections. The evolving terminology and theoretical models in digital preservation and associated disciplines impact the understanding of preservation in the context of digital libraries.

Terminology: digital curation, digital stewardship, and digital preservation
The plethora of terms that are used to describe activities associated with managing and maintaining digital assets complicates an attempt to understand and define digital preservation. Many authors note that digital preservation is a young discipline and precise vocabulary has yet to mature (Brown, 2013; Jones and Beagrie, 2008). A number of alternative terms have been used for the same or similar concepts, reflecting different origins or the evolving understanding of the concept. Terms, such as digital curation, digital stewardship, and digital preservation, are often used interchangeably. Caplan (2008) points out the differences in usage between the United States and the United Kingdom (UK). In the United States, the use of the term digital preservation tends to be broader and encompasses all activities in managing digital assets from the point of creation. In the UK, the term digital curation is used for lifecycle management, while digital preservation is reserved for those activities specifically geared toward future accessibility (Caplan, 2008). Lazorchak (2011) attempts to discern “what’s in (some) names” by looking at their different origins and context of use. He notes that preservation has a long-standing tradition in the cultural heritage community and is a core component of broader concepts, such as digital curation and digital stewardship.

Digital curation originated in the scientific and e-science community with a focus on research data and the entire information lifecycle. The term is relatively new. The Digital Curation Centre (DCC), a UK-based consortium that was launched in 2004, has contributed to promote the concept (Higgins, 2011). Digital curation, as defined by DCC, involves maintaining, preserving, and adding value to digital research data throughout its lifecycle (DCC, 2004–15). The digital curation cycle includes the whole range of actions from creation, through access and use, to transformation. Preservation is one of the actions undertaken throughout the curation lifecycle to ensure the long-term maintenance and retention of digital objects (Higgins, 2008). Harvey (2010) expands on this definition by emphasizing active management of data and the goals of digital curation in “supporting reproducibility, reuse of, and adding value to that data, managing it from its point of creation until it is determined not be useful, and ensuring its long-term accessibility, preservation, authenticity, and integrity” (p. 8).

Digital stewardship has its roots in the cultural heritage community. It is promoted as a broader concept, encompassing both cultural heritage materials and research data. Lazorchak (2011), in the Library of Congress blog, notes, “digital stewardship satisfyingly brings preservation and curation together in one big, happy package, pulling in the lifecycle approach of curation along with research in digital libraries and electronic records archiving, broadening the emphasis from the e-science community on scientific data to address all digital materials” (para. 11). The term has been adopted by the National Digital Stewardship Alliance (NDSA), a consortium of US research, government, and cultural heritage institutions committed to the long-term preservation of digital information. The definition of digital stewardship included in the 2014 National Agenda for Digital Stewardship (NDSA, 2014) echoes earlier definitions of digital preservation, but the shift in the vocabulary indicates a broader approach. The adoption of the term, however, is still limited.

Digital preservation is an integral part of digital curation and digital stewardship frameworks and thus applies to activities focused on managing and preserving a wide range of materials from scientific data to cultural heritage resources. The term digital preservation has been used the longest (Cloonan, 2015). It makes a connection to the principles of analog preservation and places the new activities of curating digital content in the long tradition of preserving cultural heritage materials. Digital preservation is at the center of several definitions adopted in practice and is used in the context of digital libraries.

Definitions of digital preservation in the practice community
The early definitions and models of digital preservation were developed in the practice community, often as part of training efforts to prepare library professionals for the emerging discipline. The Digital Preservation Management (DPM) Tutorial, launched by the digital preservation team at Cornell University Library in 2003 and maintained since by the DPM workshop faculty, offers a working definition of digital preservation as “a broad range of activities designed to extend the usable life of machine-readable computer files and protect them from media failure, physical loss, and obsolescence” (DPM Tutorial, 2003–15, para. 1). The DPM Tutorial makes an important distinction between preservation activities that promote the long-term maintenance of bitstream and those that provide continued and meaningful access to its content. The Tutorial also cites the DPM model, an early example, showing the multiple dimensions of digital preservation with three core components:
• Organizational infrastructure with policies, procedures, practices, and people

• Technological infrastructure consisting of the required equipment, software, hardware, a secure environment, and skills

• Resources framework that addresses the necessary funding for starting, continuing, and sustaining the digital preservation program

The authors use the metaphor of a three-legged stool (see Fig. 9.1) to demonstrate that digital preservation is not just a technical issue. Fully implemented and viable preservation programs require balancing of technological infrastructure, organizational aspects, and funding resources.

[image: image]Figure 9.1 Three-Legged Stool Representing Three Aspects of Digital Preservation (Kenney and McGovern, 2003)



The Association for Library Collections and Technical Services, a division of the American Library Association (ALA), developed a range of definitions to promote an understanding of digital preservation within the library community. The core concepts are presented in short, medium, and long versions to accommodate a variety of needs. The medium definition states:
Digital preservation combines policies, strategies, and actions to ensure access to reformatted and born digital content regardless of the challenges of media failure and technological change. The goal of digital preservation is the accurate rendering of authenticated content over time (ALA ALCTS, 2007, para. 8).

This definition has been widely adopted and incorporated into more recent statements. The definition of digital stewardship articulated in the 2014 National Agenda for Digital Stewardship emphasizes “policies, strategies, and actions that ensure that digital content of vital importance to the nation is acquired, managed, organized, preserved, and accessible for as long as necessary” (NDSA, 2014, p. 6).

Digital Preservation Coalition (DPC), a UK-based organization, defined digital preservation broadly as the series of managed activities necessary to ensure continued access to digital materials, but also distinguished different levels of preservation activities:
• Long-term preservation that ensures continued access to digital materials, or at least to the information contained in them, indefinitely

• Medium-term preservation that provides continued access to digital materials beyond changes in technology for a defined period of time but duration is not indefinite

• Short-term preservation that provides access to digital materials either for a defined period of time, but it doesn’t extend beyond changes in technology (Jones and Beagrie, 2008, p. 25)

The levels of preservation help to establish institutional goals for preservation programs and specify the requirements for repositories. This approach also reflects a realistic assessment of the digital landscape where not all resources will or should be preserved indefinitely.

Recent discussions of digital preservation are built on the early foundational concepts but shift the attention from the challenges of technology to management issues. Corrado and Moulaison (2014) analyze the key aspects of the DPC definition in terms of policy implications. Those key aspects include managed activities; necessary, continued access; and digital materials. The authors acknowledge the importance of technological infrastructure and technical skills but stress that digital preservation is mostly a management issue. Corrado and Moulaison (2014) propose a modified model of the three core components of digital preservation. The Digital Preservation Triad is presented in a form of Celtic knot with three interconnected parts: technology, content, and management. The emphasis of this model is on planning and policy development.

Understanding digital preservation in the context of digital libraries
Research on theoretical models of digital preservation in the context of digital libraries has been limited. The fields of digital preservation and digital libraries have existed side by side for over two decades, but the emphasis of digital library research has been primarily on expanding access to cultural heritage and scientific resources rather than long-term sustainability (Chowdhury, 2010; Ross, 2012). The early discussions of digital preservation make a distinction between digital archives and repositories intended for long-term preservation and digital libraries, which provide access to digital information, but may not be committed to its long-term preservation (DPM Tutorial, 2003–15; Waters and Garrett, 1996). In practice, this distinction has prevailed with content management systems specifically for building digital collections for access and a separate suite of repository systems. In the research domain, however, this situation has been changing gradually, with more attention given to the issues of digital preservation in digital libraries and calls for conceptual models and frameworks for capturing contextual information. Both technological and semantic aspects of digital preservation are discussed in research literature.

In practice, analog and digital preservation goals coexist in many digitization projects and are a source of some confusion between the concepts. Digital libraries contain a significant number of resources converted from analog formats, including fragile and deteriorating materials digitized for preservation purposes. In this context, and in light of broader discussions about preserving cultural heritage with digital technologies, it is necessary to make a clear distinction between digital preservation and digitization for preservation (Caplan, 2008; Conway, 2010). Digitization as a preservation strategy undertakes the conversion of deteriorating analog materials to create high-quality copies for preservation purposes, while digital preservation activities focus on the preservation of the digital assets created as a result of digitization as well as born digital materials. As Conway (2010) points out, “digitization for preservation creates valuable new digital products, whereas digital preservation protects the value of those products, regardless of whether the original source is a tangible artifact or data that were born and live digitally” (p. 64). Digital preservation represents an important component of all digitization projects, as digital master files created as a result of the conversion process require long-term preservation activities. Digitization as a preservation method and a debate surrounding this approach are discussed in more detail in Chapters 3 and 4.

A distinction between bitstream preservation and semantic aspects of preserving digital content is particularly relevant in the digital library context. Bitstream preservation focuses on the technical aspects to ensure that bits are accessible and usable, while semantic preservation is concerned with maintaining the means of interpreting informational content of preserved bits. Technical level of bitstream maintenance is critical, but as Ross (2012) stresses, digital preservation is more than preserving the streams of 0s and 1s. Digital preservation is about “maintaining the semantic meaning of the digital object and its content, about maintaining its provenance and authenticity, about retaining its ‘interrelatedness,’ and about securing information about the context of its creation and use” (Ross, 2012, p. 45). Contextual information needs to be preserved along with the bitstream to render the bits as useful and meaningful information objects. Furthermore, Ross (2012) notes that the approach to preservation in the digital library environment needs to vary with different levels of preserving the content and context, including:
• Retaining the content of some materials held in digital libraries

• Retaining the environment and context of creation and use for other materials

• Reproducing the experience of use for other materials to ensure the right semantic representation and information is passed to the future

In his paper, Ross (2012) also argues for more research on preservation issues in digital libraries and for the development of theoretical models and a knowledge base. He proposes adopting the framework of archival science with the core principles of authenticity, uniqueness, provenance, arrangement, and description as a theoretical foundation for digital preservation in digital libraries.

The contextual dimension of digital preservation emerges as a new area of research. Chowdhury (2010) examines the research on digital preservation from the user perspective and concludes that context, especially information about the time and place where digital objects were created, is particularly important to facilitate understanding, interpreting, and future use of digital content. Time and place also appear as important categories in a framework for contextual information in digital collections (Lee, 2011). The framework proposed by Lee focuses on the contextual categories required for the comprehensive documentation of the “life history” of digital objects. The proposed contextual information framework identifies nine classes, including object, agent, occurrence, purpose, time, place, form of expression, concept, and relationship. Lee (2011) notes, “relationships to other digital objects can dramatically affect the ways in which digital objects have been perceived and experienced” (p. 6). The relationship class allows for capturing contextual information about the relations of the object as well as the collection level. Although the framework does not focus specifically on preservation, the proposed classes of contextual information are intended to support the curation of digital objects and collections.

Beaudoin (2012a) emphasize the role of context in the digital preservation of cultural objects and argues that knowledge about the context of digital objects is critical to making sense of them—their use, care, and preservation. The current approaches to recording contextual information in descriptive metadata are insufficient to ensure meaningful preservation and use of digital objects. Beaudoin (2012a) stresses that “context is especially important in discussions of digital preservation since in most instances the digital materials have been separated from their original format and context in the process of digitization and preservation” (p. 3). She proposes a framework for the use of contextual metadata in the digital preservation of cultural objects with a focus on multiple dimensions, including technical, intangible, utilization, curatorial, authentication, authorization, and intellectual (Beaudoin, 2012a, b).

A comprehensive approach to digital preservation that includes both technological and semantic aspects is particularly important in the context of digital libraries. Digital objects that represent the content of deteriorating analog materials serve as preservation copies, and contextual information is critical to their understanding, future use, and long-term management. The recent research on the contextual dimensions of digital preservation provides a foundation for the undertaking of broad preservation activities on digitally born as well as digitized objects. Digital preservation in the context of digital libraries concentrates on policies and technologies to ensure the long-term maintenance and rendering of digital files as well as the retention of the contextual information that enables interpretation of digital objects and collections.

Preserving digital content
Digital preservation is challenging due to the vulnerable nature of digital objects and the constantly changing technological environment. Information encoded in digital form can be easily altered and corrupted, which is a source of distrust and concerns about the authenticity and integrity of digital objects. In addition, turning digital objects into meaningful and usable information requires multiple layers of technology. As Lynch (2000) states, “bits are not directly apprehended by the human sensory apparatus—they are never truly artifacts. Instead, they are rendered, executed, performed, and presented to people by hardware and software systems that interpret them” (p.4). The reliance on software and hardware poses risks to access because this technology is susceptible to technological failure and obsolescence. A number of strategies as well as practical guidelines in the digital library field have been developed to address the challenges in maintaining integrity of digital objects and ensuring long-term accessibility. Authenticity remains a challenge because of the very nature of digital information and the connection to broader issues of trust and organizational management.

Digital preservation challenges

Digital objects break. Digital materials occur in a rich array of types and representations. They are bound to varying degrees to the specific application packages (or hardware) that were used to create or manage them. They are prone to corruption. They are easily misidentified. They are generally poorly described or annotated (Ross, 2012, p. 44).

The list of challenges to preserving digital content can go on, but, as the above quote indicates, it starts with the fragile and complex nature of information in digital form. Unlike resources in analog form where content and carrier are inseparable, digital objects are not affixed to any permanent medium. Instead, informational content encoded as streams of 0s and 1s is copied from one storage medium to another and transmitted over networks. On one hand, this separation from physical carriers offers tremendous benefits for access and even for preservation as multiple digital copies can be stored in several different locations. On the other hand, the lack of permanence poses risks to the authenticity and integrity of information encoded in digital form. Information unattached to a permanent medium can be easily altered, damaged, or even destroyed. The lack of fixity and the separation of descriptive metadata from content files also make it harder to determine the authorship and provenance.

In addition, digital objects may exist in multiple copies, in several manifestations, and may have associated representation information. This phenomenon is evident in digitization projects where multiple copies of master files are created for preservation purposes. A master file is then a source for several derivatives, which tend to be smaller and have a different configuration of bits. Yet, all these different objects are representations of the same informational content, ideally described by consistent and linked metadata. A useful distinction between data objects and information objects is made in the Open Archival Information System (OAIS) reference model, described later in this chapter in the Digital Preservation Technology section. Brown (2013) expands on this concept and notes, “each conceptual information object can be manifested through one or more different data objects, which can in turn exist in multiple identical copies” (p. 201). He recognizes two primary threats to preservation in light of this distinction:
• Loss of data objects, referring to the physical loss of 1s and 0s that encode information

• Loss of the information object, referring to the loss of means to interpret those 1s and 0s as meaningful and authentic information (Brown, 2013, p. 202)

Another preservation challenge lies in determining what objects need to be preserved long-term, distinguishing between multiple manifestations and their copies, and maintaining the relationships between them.

Thibodeau (2012) recognizes the complexity and fluidity of digital information as a major challenge in preserving digital memory, depicting it as “a shape shifter that takes on very different forms” (p. 15). He relates the challenges in preserving cultural heritage in digital form to the characteristics of digital information itself and the rapid rate of technological change. Digital information is fluid, variable, and, as Thibodeau describes it, “polymorphous.” This polymorphism results from several key factors, including:
• The transmission from one storage medium to another.

• The difficulty of determining the boundaries of digital objects, which in many cases are dynamic and dependent on external applications; the dynamic and transitory nature of those objects makes it difficult to define what content needs to be captured and preserved.

• The complex relationship between data objects stored in computer systems and objects presented to users through the online delivery systems.

• The necessity to process data objects with computer technology in order to be used; the process of transmission and rendition can involve changes in the object structure and even lead to alteration or corruption.

Thibodeau (2012) views the lack of permanence of digital objects as a source of tension between fluid digital information and digital preservation, which seeks to keep things unchanged.

The unstable and mutable nature of digital information poses risks to its authenticity and integrity. Ross (2002) indicates, “digital objects that lack authenticity and integrity have limited value as evidence or as information resource” (p. 7). The concepts of authenticity and integrity have been debated in the field of digital preservation in an attempt to determine the essential properties of digital objects that need to be preserved. They relate to the basic questions in digital preservation: (1) How do we know that digital objects are complete and have not been altered or corrupted? and (2) Are preserved digital objects reliable and genuine representations of what they claim to be? In an exploratory paper, Lynch (2000) provides working definitions of these fundamental, yet elusive concepts:
• Integrity means that a digital object has not been corrupted over time or in transit; in other words, that we have in hand the same set of sequences of bits that came into existence when the object was created (p. 5).

• Authenticity entails verifying claims that are associated with an object—in effect, verifying that an object is indeed what it claims to be (p. 6).

The integrity of files can be checked through technical measures such as checksums or digital signatures, but as Lynch (2000) comments, verifying authenticity is more challenging, as it requires judgment and an inquiry into an object’s nature, provenance, and chain of custody. He relates the process of verifying authenticity and integrity to the broader concepts of trust and identity. One of the factors users employ to determine the authenticity or integrity of digital information is the level of trust attributed to the infrastructure or the organization responsible for preservation activities. Ross (2002) expands on the concepts underpinning authenticity and integrity. In addition to the trust, he lists fixity, stabilization, and the requirements of custodians and users. Furthermore, user needs and requirements can vary and may depend on the types of objects.

In a more recent article, Seadle (2011) reexamines the concepts of authenticity and integrity in light of the criteria used in the evaluation of analog materials. He acknowledges the difficulty of defining and assessing digital authenticity and states, “in the digital world, there are not originals, only copies, and the mutability of digital objects makes authenticity especially challenging” (Seadle, 2011, p. 548). While digital integrity can be measured through checksums, there are no clear measures for authenticity. In his comparative analysis, however, he notices that the concepts of authenticity and integrity in the digital environment are more closely related. He suggests using some of the technical measures to verify authenticity. Seadle (2011) concludes that analog and digital environments are different, and new means of assessing authenticity need to be developed for digital content.

In addition to the inherent properties of digital information, the technological environment in which digital objects are created and maintained represents a second area of challenge. This environment encompasses equipment and formats for generating and encoding digital information as well as any hardware and software platforms necessary for processing, storing, rendering, and transmitting it. There is a wide range of risks associated with digital technology, from hardware failures where a loss is sudden and catastrophic, to the obsolescence of formats or software, which can go unnoticed until a file cannot be rendered. Overall, technological threats can be grouped into those that result in:
• Physical loss, damage, or decay of digital objects

• Inability to access digital objects due to technological obsolescence

Brown (2013) outlines a number of threats and the ways they endanger the integrity, reliability, and usability of preserved objects (pp. 202–206). A long list of risks to integrity ranges from accidental deletion to software failures.

Technological failures as preservation challenges in the context of digital libraries are presented in a case study of Chronicling America (Littman, 2007). Chronicling America, part of the National Digital Newspaper Program (NDNP), was a collaborative initiative aimed at digitizing American historic newspapers. Littman (2007) reports on the actual preservation threats encountered in the process of constructing a repository to provide for the long-term preservation of the digital objects generated as a result of this large-scale digitization project. The project team, building a repository for both access and preservation, experienced a number of challenges, including:
• Media failures, particularly problems with portable hard drives that were used to transfer files between the partner institutions; fixity checks performed on the files readily caught the problems.

• Hardware failures—a number of hard drive failures were encountered in the storage system; this issue was addressed by having an array of hard drives in the storage system.

• Software failures were experienced at different stages of ingesting digital objects into the repository.

• Operator errors, which represented the most serious threat as it resulted in the deletion of some files from the repository system.

This case study demonstrates that technological failures and human errors represent very real and serious threats to preserving digital content. The risks can be mitigated by careful planning and the implementation of a number of preservation strategies, such as fixity checking and using multiple storage media.

Technological obsolescence has been recognized as a major challenge since the early days of digital preservation (DPM Tutorial, 2003–15; Jones and Beagrie, 2008; Rothenberg, 1995; Waters and Garrett, 1996). Physical storage media, data formats, hardware, and software all become obsolete over time, posing significant technical challenges to preserving digital objects. Technological progress introduces innovations and improvements in formats and computer platforms but simultaneously deems older versions obsolete. Digital objects created with the older generation of technology may be intact but inaccessible because of the lack of functioning software to render them. Technological obsolescence poses threats to long-term access to digital objects. It impacts several components of the technological environment:
• Storage media obsolescence is a serious concern because of rapid changes in the storage technology. As Brown (2013) comments, “no computer storage medium can be considered archival, irrespective of its physical longevity—technological obsolescence is inevitable” (p, 222). Physical degradation of hard disks and magnetic tape used for storage poses a threat as well, but obsolescence often occurs long before deterioration of media becomes a problem (Jones and Beagrie, 2008). Newer technology offer increases in storage capacity but at the same time requires copying digital objects into new media.

• Hardware and software obsolescence is an inevitable result of technological advancement, part of the environment of ongoing change (Thibodeau, 2012). Constant upgrades to hardware, operating systems, and software applications bring improved speed and functionality, but also cause incompatibility and the inability to render objects created with older platforms. Software and hardware obsolescence are interrelated. New computers may not support older versions of the software necessary for executing files. New software may not run on legacy hardware.

• File format obsolescence has been recognized as one of the major threats to preservation (Abrams, 2004; DPM Tutorial, 2003–2015; Jones and Beagrie, 2008). Formats provide structures for encoding and decoding bistreams but can be superseded by newer specifications. The threat of format obsolescence has been addressed by the development of tools for format identification (DROID) and validation (JHOVE). Format registries, such as PRONOM, identify access tools and migration pathways for converting legacy formats. Rosenthal (2010) argues that format obsolescence is not as a significant threat as it was previously assumed because of more mature technology and the availability of open source formats. As discussed in Chapters 3 and 4, the guidelines in the digital library field recommend selecting nonproprietary, well-documented, and standardized formats. Wide adoption of the guidelines in digital library practice contributes to minimizing the risks of format obsolescence. The Library of Congress (2013) maintains a list of formats and provides a review of sustainability factors.

Digital preservation goals
The ultimate goal of digital preservation is to ensure long-term access to digital content, but it needs to be considered in light of the challenges related to the unique characteristics of digital objects as well as the risks of technological failures and obsolescence. Furthermore, as the research in the digital library field indicates, the objectives of digital preservation should also encompass contextual and semantic aspects related to provenance, context of creation, and use in order to render preserved objects as authentic, meaningful, and useful information (Beaudoin, 2012a; Ross, 2012). Thus, the goals for digital preservation are twofold: (1) focusing on bit preservation and ensuring the integrity of digital objects, and (2) maintaining sources of representation information and ensuring the authenticity of preserved objects. Brown (2013) recognizes the dual nature of preservation activities and identifies a number goals related to maintaining the integrity of data objects as well as those that focus on dimensions of authenticity, specifically the reliability and usability of preserved information. This list is expanded by the goals identified in the digital library contextual research and includes:
• Maintaining integrity of digital objects by protecting them from alteration and corruption

• Protecting digital objects from media failure, physical loss, and technological obsolescence

• Ensuring that digital content can be uniquely and persistently identified

• Maintaining the semantic meaning of objects and the relationships between objects and collections

• Maintaining documentation on provenance and curatorial process

• Providing context of creation and use

Meeting preservation goals requires careful planning, developing a preservation policy, establishing a robust technological infrastructure, and practicing active management of digital assets.

Digital preservation strategies
The active approach to digital preservation means not only an ongoing attention to the integrity and authenticity of digital information, but also constant monitoring of the technological environment to ensure that the digital objects can be accessed and reused in the future. Digital preservation practitioners should emphasize prevention rather than recovery. Although techniques to recover inaccessible files are being developed in digital archaeology and digital forensics, those approaches, as Brown (2013) points out, should be used as a last resort or an emergency measure. Digital forensics tools and techniques are useful in an archival practice that deals with the acquisition of born digital legacy materials. In digital library practice, digital forensics can assist with the recovery of born digital or digitized objects stored on removable media, and can help with the process of transferring them into more sustainable preservation environments (Lee et al., 2012). Again, forensics techniques should be used as an exception rather than a norm. Digital forensics tools are also very useful in determining and establishing authenticity and provenance.

A number of preservation strategies have been developed as preemptive measures to mitigate the risks and challenges associated with digital technology. There is no single approach that would provide a universal solution; rather, an appropriate strategy or a combination of them need to be selected depending on the changes in the technological environment and the types of objects that need to be preserved. The preservation strategies that address risks associated with technological failures and obsolescence include:
• Bitstream copying, known as “backing up your data,” refers to making multiple exact copies of digital objects. Bitstream copying is not a long-term preservation strategy; rather it serves as a preventive measure, protecting data from media failures and physical loss (DPM Tutorial, 2003–15).

• Refreshing mitigates the risk of media storage obsolescence. It involves copying files from one storage device to another. There should be no detectable change in the bitstream configuration during the refreshing process.

• Migration is undertaken in response to technological obsolescence, either format or hardware and software obsolescence. It involves the periodic transfer of files from one hardware/software configuration to a newer platform. Objects encoded in formats that are at risk of becoming obsolete need to be transformed into new target specifications. Brown (2013) emphasizes that the migration process might result in some information loss, as not all properties of the original object may be transformed or supported by the target format.

• Normalization is a form of format migration undertaken at the point of capturing or ingesting into a repository. The goal of normalization is to transform data into open and consistent formats or to minimize the number of managed formats in a repository. In the context of digital collections, normalization often takes place when images captured with digital cameras are transformed from proprietary raw formats into a standard TIFF format.

• Emulation represents a different strategy to combat technological obsolescence. Rather than transforming digital objects into new formats, emulation keeps digital objects in their original form, but reconstructs the functionality of an obsolete platform, usually through the use of emulation software. Emulation is often used in the preservation of games but can also be applied to the preservation of complex multimedia objects in digital libraries.

Digital preservation in digital library practice
Digital libraries share access and preservation goals. Digital libraries collect, manage, and provide access to cultural and scientific resources to the current community of users, but an equally important part of their mission is the preservation of valuable digital content for the long-term (Candela et al., 2007). In practice, the balance is often tipped toward access and building online collections, with digital preservation activities often delegated to an IT department or outsourced to a service provider. Many stakeholders, including library administrators, do understand and support building digital collections as a form of expanding access, meeting user expectations, and increasing the online visibility of their institutions. Gaining full support for digital preservation as an equal component of digital library programs, however, is more difficult, especially at institutions with limited resources.

Brown (2013) argues that awareness of digital preservation is growing in the professional community. A lack of financial support and a lack of technical expertise are cited as major obstacles for establishing and implementing digital preservation programs. A study of 72 research libraries, members of the Association of Research Libraries (ARL), found that 39.3% of the surveyed institutions had no digital preservation system in place (Banach and Li, 2011). A case study conducted at CUNY Queens College demonstrates that small cultural heritage institutions not only lack an infrastructure for preserving digital content created as a result of digital projects, but don’t even have preservation plans (Dolan-Mescal et al., 2014). However, it needs to be noted here that the state of digital preservation practice in the digital library field varies. While smaller institutions still struggle with developing preservation plans, national libraries and large research libraries have well-established and robust programs.

A sustainable digital library program requires developing an institutional approach to digital preservation and establishing a policy of commitment to the long-term maintenance of digital objects and collections. Developing a long-term preservation policy is a broader organizational issue, as a policy needs to encompass not only digital content created and collected as part of digital library programs, but also born digital archival acquisitions and other institutional digital assets. Preservation policies define how to manage digital assets to prevent the risk of content loss or damage. The process of developing an institutional digital preservation policy involves multiple steps, which includes stating the objectives, appraising and selecting content, assessing risks, outlining the scope of preservation actions, identifying resources and responsibilities, and establishing the requirements for building a technical infrastructure. A number of recent publications on digital preservation offer useful guidance on developing a policy (Brown, 2013; Corrado and Moulaison, 2014; Harvey, 2010). Digital Preservation Policies Study provides a model for developing institutional policies and a range of exemplars from the cultural heritage and research institutions (Beagrie et al., 2008). A recent case study presents the process of developing an organizational policy for digital preservation at the Ohio State University Libraries (Noonan, 2014).

A digital preservation plan in the context of digital libraries needs to be prepared at the very beginning of a project, ideally as part of a broader institutional policy. The plan can rely on the institutional infrastructure but may also call for new resources and solutions. Preservation of digital library content requires:
• Creating an institutional digital repository, or participating in a shared preservation repository, or using a reliable preservation service

• Conducting an inventory of the existing digital assets and verifying their integrity

• Defining the levels of preservation (long-term, medium-term, and short-term)

• Establishing a policy for data transfer, backup, refreshment, and migration

• Recording preservation metadata using standards, such as PREMIS and METS

• Maintaining project documentation and preservation metadata to support identification, access, and preservation process

• Maintaining the relationships between archival master files, access files, and metadata

Digital projects, if undertaken according to best practices and guidelines, produce valuable digital assets. The Framework of Guidance for Building Good Digital Collections states as one of its principles: “a good object is preservable” and provides a series of guidelines for creating digital objects with digital preservation in mind (NISO, 2007, p. 48). In addition to digital master files that are the primary focus of digital preservation actions, digital projects also generate a considerable amount of descriptive metadata and contextual information. In practice, the relationships between those various components are not always well maintained and preserved. The current digital library environment does not integrate access and preservation requirements. Most content management systems used for building digital collections present access files and metadata, but do not provide preservation functions. In a best-case scenario, digital preservation is managed by a separate repository system or outsourced to service providers. A study of open source repository systems conducted in 2012 found that the support for metadata standards and preservation functions varies between systems and is particularly limited for digital library multimedia objects (Madalli et al., 2012). Maintaining the relationships between multiple versions of digital objects, metadata, and curatorial documentation in this complex environment remains one of the major challenges for preserving digital content.

Practical guidelines
This section provides practical recommendations for preserving master files on bit-level, but does not address the issues of maintaining associated metadata and preserving the relationships between the various entities in the digital library environment. This is an area that requires more attention and research, and hopefully useful guidelines and best practices will emerge in the near future. Bit preservation is a useful starting point but represents only a subset of preservation activities (Johnston, 2010). The technical guidelines for creating high-quality digital assets are discussed in more detail in Chapters 3 and 4. In light of discussions on technological obsolescence, it is worth reiterating that master files should be created with a use-neutral approach and saved in open, standard, and widely accepted formats. They should be saved uncompressed and follow an established file-naming convention.

Master files need to be stored in a reliable and secure preservation system. A decision about selecting a dedicated repository system needs to be made prior to undertaking a digital project in light of project goals and the established preservation plan. A number of factors have to be considered in selecting an appropriate solution, including the size of the project, the infrastructure available in-house, staff technical expertise and skills, and cost. The solutions range from institutional or shared repositories to hosted preservation services. The section on Digital Preservation Technology provides an overview of the options currently available. In practice, an organization may select a repository and a combination of a networked drive and/or removable media for backup. If a repository system is implemented, some tasks, such as integrity checking or format validation and normalization, can be automated.

The following guidelines for bit-level preservation of digital master files are based on the recommendations included in the digital preservation handbooks and practical guides (Brown, 2013; DPM Tutorial, 2003–15; Harvey, 2010; Jones and Beagrie, 2008).
• Create multiple copies (minimum three) of master files

• Calculate checksums on the file level and use them for integrity checking

• Store checksum data separate from master files

• Ensure that sufficient identification and representation information is stored with files

• Store at least one copy in a separate geographical location

• Ensure that all objects are stored on a minimum of two different reliable storage media

• Create an inventory of all files before moving them into a repository/storage system

• Copy or migrate digital objects to new media at regular intervals

• Practice active preservation by checking and verifying archival files regularly.

Digital preservation technology: standards and repositories
“Technology advances, while sure to present new challenges will also provide new solutions for preserving digital content” (Arms, 2000, para. 36). Arms discusses the challenges in preserving digital content at the National Digital Library Program (NDLP) of the Library of Congress in the early phase of digital preservation. Her quote indicates a great amount of uncertainty about the future of digital preservation but also some hope that technology will offer new solutions. Fifteen years later, we can definitely talk about some progress in preserving digital resources with more stable digital formats, preservation metadata standards, and trusted repositories in place. McGovern (2007) analyzed the first decade of digital preservation activities in terms of balancing the fundamental components of digital preservation (organization, resources, and technology), represented in the three-legged stool metaphor (see Fig. 9.1). She notices considerable progress in all three areas, but especially in organization, with a strong development of preservation policies.

The first decade, marked by the publication of the influential report, Preserving Digital Information (Waters and Garrett, 1996), established a basis for building standardized preservation systems and services. The concept of trusted repositories and two fundamental standards, OAIS reference model and PREMIS preservation metadata, were all introduced in the early 2000s. The first repository platforms, DSpace and Fedora, were also developed around that time and have been widely adopted. Format registries, such as PRONOM, and a range of tools for integrity checking, an automatic file format identification tool (DROID—Digital Object Record Identification), and an object characterization tool (JHOVE—JSTOR/Harvard Object Validation Environment) were also introduced during the first decade.

The most recent period is characterized by the widespread development of operational digital preservation services. The new generation repository software incorporates the relevant standards and tools, enabling the building of more reliable preservation systems. In addition, the current environment offers a number of options for selecting preservation approaches, from institutional repositories to shared or hosted solutions. The models with cloud-based services, such as DuraCloud or Preservica, make digital preservation more affordable and accessible to smaller cultural heritage institutions.

Standards
The development and adoption of open standards proved to be critical to progress in digital preservation. Conceptual frameworks and metadata standards provide a theoretical foundation for developing reliable preservation systems and services. Two standards that have been recognized as particularly influential are the OAIS reference model and PREMIS metadata standard.

OAIS reference model is a high-level standard that provides a conceptual framework and consistent terminology for developing and maintaining archival information systems (Lee, 2010). The major purpose of the model is “to facilitate a much wider understanding of what is required to preserve and access information for the long term” (CCSDS, 2012, p. 2.1). It was developed by the researchers at the Consultative Committee for Space Data Systems (CCSDS) in 2001 and became an ISO standard in 2002. The model identifies the key players in the information environment, including Producers, Managers, and Consumers. In defining Information Object, it makes a distinction between Data Object (sequence of bits) and Representation Information. Data Object is interpreted with the associated Representation Information, yielding a useful and meaningful Information Object. This distinction is important in the context of archival information systems that need to support preservation of bits as well as the maintenance of Representation Information.

In addition to defining informational concepts, the Reference Model provides a functional layout of an archival system, identifying six main entities (Preservation Planning, Administration, Ingest, Data Management, Archival Storage, and Access), and the way that information flows between them (see Fig. 9.2). It addresses both the access and preservation aspects of ingesting digital objects and associated descriptive information into a repository for long-term storage. Lee (2010) notes that many aspects of the model rest on the distinction between the Submission Information Packages (SIP) received from Producers, the Archival Information Package (AIP) generated from SIPs upon ingest and managed by archives, and the Dissemination Archival Package (DIP) accessed by Consumers. The OAIS model provides a foundation for building and implementing standard and interoperable repository systems.

[image: image]Figure 9.2 OAIS Functional Entities (CCSDS, 2012)




PREMIS (Preservation Metadata: Implementation Strategies) is the international standard for metadata to support the preservation of digital objects and ensure their long-term usability (Library of Congress, 2015). It specifies the metadata units that a repository needs to maintain core preservation functions. The standard was developed by the OCLC/RLG working group in 2005. Its current development is managed by the Library of Congress in conjunction with the PREMIS Editorial Committee. The standard consists of a Data Model and Data Dictionary. An XML schema is also available to support the implementation of the data dictionary in digital repository systems. Version 2.2 of the PREMIS Data Dictionary is currently available though the Library of Congress (PREMIS Editorial Committee, 2012).

The Data Dictionary defines preservation metadata as “the information a repository uses to support the digital preservation process” (PREMIS Editorial Committee, 2012, p. 3). Preservation metadata spans a number of metadata types, including descriptive, structural, technical, and administrative. The Data Dictionary places a strong emphasis on the documentation of digital provenance (the history of an object) and the documentation of relationships, especially relationships among different objects within the preservation repository.

PREMIS standard provides a simple data model to organize the semantic units defined in the Data Dictionary and to encourage a shared way to organize preservation metadata (Dappert and Enders, 2010). The following entities are defined in the Data Model:
• Intellectual Entity: a set of content that is considered a single intellectual unit for purposes of management and description, for example, a particular book, map, photograph, or database.

• Object (or Digital Object): a discrete unit of information in digital form.

• Event: an action that involves or impacts at least one Object or Agent associated with or known by the preservation repository.

• Agent: person, organization, or software program/system associated with Events in the life of an Object or with Rights attached to an Object.

• Rights: assertions of one or more rights or permissions pertaining to an Object and/or Agent (PREMIS Editorial Committee, 2012, p. 6).

Fig. 9.3 demonstrates the entities in the PREMIS data model and the relationships between them.

[image: image]Figure 9.3 The PREMIS Data Model (PREMIS Editorial Committee, 2012)



The PREMIS Data Dictionary defines semantic units, not metadata elements. As Caplan (2009) explains, PREMIS does not specify how metadata should be represented or implemented in a repository system; it only defines what the system needs to know and should be able to export to other systems. Semantic units describe properties of digital objects and their contexts or the relationships between them. Each semantic unit defined in the Data Dictionary is mapped to one of the entities in the Data Model. For example, the Object entity is described by a number of semantic units, such as objectIdentifierType or objectIdentifierValue, defined as mandatory (M) and nonrepeatable (NR). Semantic units are presented in a hierarchical structure.

PREMIS may be implemented in a variety of ways, which offers the potential of broad application across a wide range of preservation contexts. Guenther (2010) explores using PREMIS within a METS container and points to the benefits of using the two metadata standards together. A number of research studies investigate implementation of PREMIS in practical digital library settings. Alemneh (2009) examined the barriers to adopt PREMIS in cultural heritage institutions. Donaldson and Conway (2010) present a case study in which PREMIS is implemented in the Florida Digital Archive. Findings point to the iterative nature of the implementation process and to the necessity of adopting the standard in the local repository. Donaldson and Yakel (2013) investigated the adoption of PREMIS by several organizations registered with the Library of Congress PREMIS Implementers Group. The researchers confirm the findings of the earlier studies, indicating that many institutions have made the decision to adopt PREMIS, but few have fully implemented it.

Digital repositories
Digital repositories are information systems that ingest, store, manage, preserve, and provide access to digital content. The OAIS model provides a conceptual foundation for designing standard-compliant repositories. Digital repositories are a relatively new phenomenon that emerged in the early 2000s. A concept of trusted digital repositories has been advanced to ensure high-level preservation services for all types of repositories. There are several repositories types, including institutional, disciplinary, government, and centralized repositories, which aggregate content from several subsidiary repositories. According to the Directory of Open Access Repositories, most of the content in open access (83.2%) is available through institutional repositories (OpenDOAR, 2015). As Lynch (2003) observes, institutional repositories offer an essential infrastructure for scholarship in the digital age and a potential to revolutionize scholarly communication. He also notes that a key part of the service is to manage technological change and the migration of digital content from one set of technologies to the next.

Institutional digital repositories serve multiple purposes. Their primary goal is to support scholarly communication and provide open access to articles, dissertations, and research data. In addition, they provide platforms for storing and preserving the digital master files created as a result of digitization projects. The boundaries between a repository and digital libraries are sometimes blurred, as repositories also host digital collections for access. The combination of access and preservation functions poses significant challenges. McGovern and McKay (2008) investigated the juncture of institutional repository implementation and digital preservation programs and provided a set of recommendations for leveraging the benefits of institutional repositories to strengthen long-term preservation. A number of research studies examine the current practices of digital preservation in the institutional repository environment (Banach and Li, 2011; Kunda and Anderson-Wilk, 2011; Neatrour et al., 2014; Oehlerts and Liu, 2013).

Trusted digital repositories perform preservation functions. This notion was first introduced in the seminal report, Preserving Digital Information (Waters and Garrett, 1996). The authors emphasize the role of trust in managing the identity, integrity, and quality of digital information in archival systems and recommend developing a process of certification. The concept of a trusted digital repository was fully articulated in another foundational report, Trusted Digital Repositories: Attributes and Responsibilities, prepared by a RLG/OCLC working group (Beagrie et al., 2002). A trusted digital repository is defined as one “whose mission is to provide reliable, long-term access to managed digital resources to its designated community, now and in the future” (Beagrie et al., 2002, p. 5). In order to gain recognition as “trusted,” a repository has to have certain attributes that ensure the reliability and authenticity of stored information. The RLG/OCLC group outlines the following characteristics of sustainable digital repositories:
• Accept responsibility for the long-term maintenance of digital resources on behalf of its depositors and for the benefit of current and future users

• Have an organizational system that supports not only long-term viability of the repository but also the digital information for which it has responsibility

• Demonstrate fiscal responsibility and sustainability

• Design its system(s) in accordance with commonly accepted conventions and standards to ensure the ongoing management, access, and security of materials deposited within it

• Establish methodologies for system evaluation that meet community expectations of trustworthiness

• Be depended upon to carry out its long-term responsibilities to depositors and users openly and explicitly

• Have policies, practices, and performance that can be audited and measured (Beagrie et al., 2002, p. 5)

In addition, the RLG/OCL report discusses methods and strategies for the certification of trusted digital repositories. A regular cycle of certification and audit is recommended for digital repositories to remain trustworthy. The process of certification has gained considerable attention in the last decade, and a number of standards and checklists have emerged, such as TRAC (The Trustworthy Repositories Audit & Certification Checklist), superseded by the ISO 16363:2012—Audit and Certification of Trustworthy Digital Repositories international standard. A range of tools have been developed in Europe, including nestor, DRAMBORA, Platter, and Data Seal of Approval. The recent publications on digital preservation provide an overview of these tools (Brown, 2013; Corrado and Moulaison, 2014).

Preservation repository software
Building operational digital repositories requires a technical infrastructure and dedicated software to support the functions of ingesting, storing, managing, preserving, and providing access to digital content. Digital repository software is an area of active development, with several open source and proprietary solutions emerging. The benefits and limitations of open source versus proprietary software are discussed in Chapter 6 in the context of digital library management systems (DLMS).

Many early open source solutions, including DSpace (http://www.dspace.org/), EPrints (http://www.eprints.org/), and Fedora (http://fedorarepository.org/) were developed as part of the Open Access (OA) movement to provide platforms for the open dissemination of scholarly publications. Comparative studies of the early generation of open source repository software that focused on DSpace, EPrints, and Fedora found varying levels of support for preservation functions. In the examined group, Fedora demonstrates the strongest support for features essential to digital preservation (Fay, 2010; Madalli et al., 2012). Fedora is one of the most versatile solutions among open source software, as it provides support for building digital collections for access and performs digital preservation functions. It is often integrated with the new generation of open source systems, such as Hydra and Islandora. DSpace, Fedora, Hydra, and Islandora as multipurpose digital library management systems, are described in more detail in Chapter 6. The new generation of open source preservation repository software, including such software as Archivematica and DAITSS, is built in compliance with the OAIS functional model and implements active preservation strategies.

The following list provides a brief overview of selected open source and proprietary solutions. The review of the software is by no means comprehensive, nor is it meant to serve as a recommendation or evaluation. There are many other options available, especially in the open source category. Archivematica represents a more recent development in the open source category. Rosetta is an example of a proprietary software that is often used in conjunction with digital library management systems.
• Archivematica (https://ww.archivematica.org/en/) is an open source, standards-based, integrated suite of software tools designed to process digital objects from ingest to access. Archivematica version 0.10 was released in 2013; as of Nov. 2015, version 1.4 was available. Its functionality is based on the OAIS reference model. It supports a range of preservation standards, including Dublin Core, METS, and PREMIS metadata standards and incorporates the Library of Congress BagIt file packaging format and other task-specific applications. Archivematica can be integrated with digital library management or preservation systems, including AtoM, DSpace, CONTENTdm, Islandora, LOCKSS, and DuraCloud.

• Rosetta (http://www.exlibrisgroup.com/category/RosettaOverview) is a proprietary software developed by Ex Libris in collaboration with the National Library of New Zealand. It is intended for managing and preserving digital library resources as well as research data. Rosetta is compliant with the OAIS reference model. It serves as an integrated solution with one central repository, which can be synchronized with many other applications. It is used by a number of libraries in Europe, the United States, and New Zealand. University of Utah’s J. Willard Marriott Library uses Rosetta as a preservation system alongside CONTENTdm, which is used for building digital collections (Neatrour et al., 2014).

Partnerships and hosted services
Operational digital repositories can be developed in house with a custom-built approach or by using an open source and proprietary software. Developing and managing an institutional repository requires a significant investment of resources and expertise, and some institutions decide to share the burden and participate in cooperative programs or outsource the preservation functions to a hosted preservation service.

Shared repositories are preservation repositories created through the membership or partnerships of libraries and archives to store and share their digital collections. They represent collaborative efforts to advance digital preservation by reducing cost and sharing expertise. Two models of collaborative initiatives have emerged: (1) centralized infrastructure and services supported by membership fees, and (2) infrastructure and services distributed geographically and shared among participating members. HathiTrust and Portico are two well-known examples of the centralized model, while MetaArchive represents a successful case of collaboration in a distributed environment. Walters and Skinner (2010) argue that interinstitutional repositories provide a sustainable approach to digital preservation. Participating members not only distribute costs but also have an opportunity to leverage expertise across a diverse body of institutions.
• HathiTrust (http://www.hathitrust.org/) was launched in 2008 as a collaborative initiative of major research libraries to ensure that the cultural record is preserved and accessible long into the future. Initially, HathiTrust was created to provide a preservation platform for storing a large volume of items digitized through mass digitization projects, such as the Google Book Project and Open Content Alliance (OCA). HathiTrust is also a large-scale digital library, and as such is described in more detail in Chapter 1. As Christenson (2011) emphasizes “at the heart of HathiTrust is a shared secure digital repository owned and operated by a partnership of major research libraries” (p. 95). Currently, there are more than 60 partners in HathiTrust, and membership is open to institutions worldwide. The HathiTrust repository now contains the largest collection of digital volumes outside of Google Books. It represents an example of a “light archive,” meaning that the repository also functions as a digital library and provides access to some of their collections. Access is restricted to items under copyright.

• MetaArchive (http://www.metaarchive.org/) was established in 2003 as a “community-owned and community-operated distributed digital preservation network” (Walters and Skinner, 2010, p. 264). MetaArchive works as a cooperative, with members paying membership fees but also contributing in-kind with staff, technology, and space. As Walters and Skinner (2010) note, these in-kind contributions keep preservation costs low. The cooperative includes members from over 50 institutions in 13 states and 3 countries. The distributed model relies on the open source software, LOCKSS (Lots of Copies Keep Stuff Safe), developed at Stanford University. Member institutions host servers within their own organizational infrastructures, while LOCKSS software enables connecting the servers in a secure network and replicating the content for preservation purposes. Servers are selected and assigned to content on the basis of their widespread geographical distribution (MetaArchive, 2015). MetaArchive is an example of a dark archive, meaning there is no public access to it.

Hosted preservation services, sometimes referred as “preservation-as-a-service,” are digital repositories maintained by nonprofit organizations that provide archiving services for a fee. The pricing structure is usually based on the number of digital objects and/or size in terabytes of the collection(s). There are a number of hosted services available on the market. OCLC DigitalArchive and DuraCloud serve primarily cultural heritage institutions.
• OCLC DigitalArchive (http://www.oclc.org/digital-archive.en.html) is an archiving solution for institutions that prefer to outsource the preservation of their digitized assets to a nonprofit organization. OCLC DigitalArchive provides a hosted preservation option to institutions involved in digitization that decide not to build their own repository or participate in collaborative initiatives. OCLC can securely store digital master files for a fee. OCLC DigitalArchive is convenient for institutions using CONTENTdm software, as the ingest of digital master files is integrated with CONTENTdm functionality. There is an additional fee for archiving on top of a CONTENTdm subscription. Like MetaArchive, OCLC DigitalArchive is also a dark archive.

• DuraCloud (http://www.duracloud.org/) is a hosted, cloud-based preservation service offered by DuraSpace, a not-for-profit organization founded in 2009 by the stakeholders of DSpace Foundation and Fedora Commons. DuraCloud is one of several open source services supported by DuraSpace. It is focused on providing preservation support and access services for academic libraries and other cultural heritage organizations. In addition to cloud storage, DuraCloud provides services that enable digital preservation, data access, transformation, and data sharing.

Digital technology presents a paradox in the realm of digital preservation. On one hand, it poses a number of challenges and risks for preserving digital content because of technological failures and obsolescence. On the other hand, technological progress offers improved solutions and tools for maintaining digital objects in the long-term in reliable and trusted repository systems. Measurable progress has been made in establishing a conceptual framework for repository systems, developing validation tools, and building a technical infrastructure. Digital libraries are part of this active development, but in practice, insufficient attention and resources are allocated to digital preservation priorities, especially at smaller institutions. Digital preservation practice in the digital library field is still in the early stages of development. While practical guidelines are available for bit-level preservation, more research is needed on capturing and maintaining representation and contextual information. National libraries and large research libraries have taken a lead in establishing preservation programs and developing new solutions and best practices. Hopefully, with an increasing awareness of the importance of digital preservation and the diffusion of best practices and tools, sustainable models will be adopted in the mainstream digital library practice in the near future.
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Chapter 10

Evaluation of digital libraries
Abstract
This chapter starts with the discussion of the need for digital library evaluation. After that, digital library evaluation frameworks and dimensions are introduced. This chapter addresses why evaluation is important, when to evaluate, what to evaluate, how to evaluate, and factors hindering the evaluation. The focus of the chapter is to identify digital library evaluation criteria and associated measures. A unique aspect of this chapter is that the authors present the findings of their own study on digital library evaluation purposes, dimensions, criteria, measures, the phases for evaluation, and factors hindering the evaluation in addition to summarizing previous research on digital library evaluation. Finally, challenges for digital library evaluation are raised and discussed.
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The need for digital library evaluation
Digital library evaluation entails a systematic assessment of value and significance. The objective of digital library evaluation is to determine to what extent it meets its objectives and offer suggestions for its improvement (Chowdhury and Chowdhury, 2003). Digital library evaluation includes every aspect of its development and operation (Tsakonas et al., 2013). Recommendations for undertaking periodic evaluations are part of the guidelines for “building good digital collections” (NINCH, 2002; NISO, 2007). However, the exponential growth of digital libraries has not been accompanied by extensive evaluation studies (Saracevic, 2004). Moreover, there is no agreement on the key concepts, assumptions, parameters, and criteria related to digital library evaluation (Fuhr et al., 2007). Just as Tsakonas and Papatheodorou (2011) state, “Digital library evaluation is a complex ﬁeld, as complex as the phenomena it studies…. However, the community has still to reach a consensus on what evaluation is and how it can effectively be planned” (p. 1577). As digital libraries are also under constant development change, it is important to evaluate digital libraries to ensure the right direction for future development and the acceptance by users and other stakeholders. Since digital libraries are new, complex, and multifaceted entities, researchers and practitioners need a set of guidelines pertaining to why it is important to evaluate, when to undertake evaluation, what to evaluate, how to evaluate, and how to incorporate the results into the development process.

The objectives of evaluation provide a rationale for why we evaluate. The purposes of digital library evaluations can be understood from the constructs, the relationships, and the evaluation (Fuhr et al., 2007). There are a variety of purposes for digital library evaluation including identifying user needs and problems, enhancing the interface design, planning, making budget decisions, etc. Determining the objective(s) sets the foundation for digital library evaluation.

The next question is when to evaluate. Digital library development and management go through a series of phases: planning, prototyping, building, testing, launching, operating, and upgrading. At different phases of digital library development, the objective of its evaluation might be different. Accordingly, different evaluation criteria and measurements might be applied. In addition, phases of digital library development also affect research methods and approaches (Buttenfield, 1999).

Evaluation criteria and measures are associated with what to evaluate. Although those used in assessing library print collections are applicable to a certain extent, they are insufficient for the new dimensions that emerged with digital libraries, such as interface design, system performance, sustainability, effects on users, and user engagement. As Van House et al. (1990) point out and as remains true today, there is no single, best way to do an evaluation; furthermore, the digital library environment, accompanied by rapid changes in users’ expectations and behaviors, calls for evaluation from multiple viewpoints with an emphasis on the user’s perspective (Carr, 2006; Kani-Zabihi et al., 2006; Nicholson, 2004). Evaluation involves comprehensive activities that compare “what is” to “what ought to be” (Van House et al., 1990). To measure “what is,” evaluation frameworks should include well-defined evaluation criteria and corresponding reliable and valid measures. The key concepts in evaluation consist of criteria and measures. Criteria refer to a standard or set of standards by which something can be judged or decided (Saracevic, 2004). Buchanan and Salako (2009) point out that what to measure and how to measure are the key challenges for digital library evaluation.

The final question focuses on how to evaluate. Since a digital library is a complex and dynamic system, digital library evaluation requires multifaceted approaches (Marchionini, 2000; Marchionini et al., 2003). Digital library evaluation employs multiple data collection methods ranging from online surveys to think-aloud protocols and log analyses. Moreover, it integrates both qualitative and quantitative methods. Most important, user-centered digital library evaluation is drawing more attention. Researchers emphasize the importance of incorporating digital library evaluation criteria and collection instruments to solicit users’ perspectives and feedback (Heradio et al., 2012; Xie, 2008; Zhang, 2010).

Researchers and practitioners have expanded their digital library evaluation efforts from evaluation criteria, measurements, and methods to objectives and phases. However, it remains one of the most confusing areas in the library and information science field (Saracevic, 2004; Tsakonas et al., 2013; Zhang, 2010). Several limitations exist in digital library evaluation research and practices. First, there are few comprehensive frameworks and models available for digital library evaluation. Several researchers note that holistic evaluation studies are conspicuously absent from the digital library field and discuss the potential benefits of comprehensive approaches (Chowdhury et al., 2006; Saracevic, 2000; Xie, 2006; Zhang, 2010). Most of the current evaluation practices have focused narrowly on particular aspects or services. Second, there are still huge gaps between researchers and practitioners. Various digital library evaluation models have been suggested by researchers. However, those models are still mostly conceptual and theoretical, as they have not been tested in digital library practice. Researchers have not provided specific, feasible measures. As a result, digital library practitioners have adopted few of the models suggested by researchers. Third, few evaluation frameworks or models have been validated empirically from the perspectives of stakeholders. These limitations call for further investigation of issues related to digital library evaluation.

The remainder of this chapter provides an overview of the current research on evaluation frameworks as well as evaluation criteria and measures. In addition, it presents the authors’ recent study as a detailed example of digital library evaluation within ten dimensions incorporating multiple digital library stakeholders’ perspectives.

Evaluation frameworks
Several researchers and research groups developed digital library evaluation frameworks and models to identify the main constructs of such libraries and illustrate their relationships in their assessment. Tsakonas and Papatheodorou (2011) illustrate the ontology development of digital library evaluation at two layers: the upper strategic layer and the lower procedural layer. Although the strategic layer specifies the purpose of the evaluation consisting of classes that define the scope of the evaluation and its relationship to other evaluation studies, the procedural layer focuses on the evaluation activities including their classes describing exact processes, constraints, and requirements.

Saracevic’s (2000;  2004) digital library evaluation framework is one of the most widely cited models. His framework comprehensively covers multiple aspects of digital libraries, including content, technology, interface, process/service, user, and context. His framework is the first attempt to measure context, such as institutional fit, sustainability, and community impact. Additionally, Saracevic (2004) suggests a list of measures for different criteria. Zhang (2010) further investigated and validated Saracevic’s evaluation framework. Zhang studied the importance of multiple constructs of Saracevic’s six dimensions using survey data from heterogeneous stakeholders. She further developed a holistic model for digital library evaluation that presents speciﬁc criteria that can be selected and “tailored for multifaceted and multilevel digital library evaluations” (p. 107).

In Europe, DELOS is a collaborative digital library project that represents joint research activities involving major European teams in this area. The DELOS Network of Excellence has conducted a series of evaluation studies. Fuhr et al. (2001) proposed a digital library evaluation scheme containing four dimensions: data/collection, system/technology, users, and usage. Tsakonas et al. (2004) further examined the interactions of digital library components and suggested key evaluation foci in digital libraries, such as usability, usefulness, and system performance. Fuhr et al. (2007) also developed a digital library evaluation framework by integrating Saracevic’s (2004) four dimensions of evaluation activities (construct, context, criteria, and methodology) and key questions in relation to why, what, and how to evaluate. As part of DELOS project results, Candela et al. (2007) established a three-tier digital library model, named the DELOS Manifesto. Even though the DELOS Manifesto is not an evaluation framework, it is a conceptual model that provides useful concepts for digital library evaluation. The DELOS model (Fig. 10.1) posits six core concepts: Content, User, Functionality, Quality, Policy, and Architecture (Candela et al., 2007).

[image: image]Figure 10.1 DELOS Model (Candela et al., 2007)



Another frequently cited digital library evaluation model is the quality model developed by Gonçalves et al. (2007). Derived from the previous 5S (streams, structures, spaces, scenarios, and societies) digital library model (Gonçalves, Fox, Watson, and Kipp, 2004), Gonçalves et al. (2007) proposed a quality model, consisting of dimensions and measurements of quality. Seventeen types of quality dimensions are identified: accessibility, accuracy, completeness, composability, conformance, consistency, effectiveness, efficiency, extensibility, pertinence, preservability, relevance, reliability, reusability, signiﬁcance, similarity, and timeliness. The timeliness dimension includes three associated characteristics of response time corresponding to efficiency, cost of migration associated with preservability, and number of service failures linking to assess reliability. Moreover, this model is also connected to different phases of information lifecycle in order to assess, identify, and solve quality problems.

Xie’s (2006;  2008) research focuses more onto users and suggests a user-driven evaluation model (Fig. 10.2). She points out that little has been done on the identification of evaluation criteria from the perspectives of users. Her model was derived from her empirical study investigating users’ perceptions through diaries and questionnaires. Based on the study, she identifies five dimensions of digital library evaluation and specific criteria consisting of usability, collection quality, service quality, system performance efficiency, and user feedback solicitation. Focusing on a specific type of digital library, Albertson (2015) created a user-centered visual digital library evaluation framework after synthesizing the relevant literature on the topic. This framework is constructed with the following components: user, interaction, system, user–interaction, user–system, interaction–system, user–interaction–system, and domain and topics. The visual context requires more user–system interactions occurring in visual digital libraries.

[image: image]Figure 10.2 Xie’s User-Driven Evaluation Model (Xie, 2008)



Resulting from comprehensive digital library evaluation research, Vullo (2010) developed an integrated LIS-oriented evaluation framework from both the user and system perspectives. Four entities constitute the model: organization, content, services, and users. Although the user perspective starts from users, the system perspective begins with organizations. Based on expert interviews, Lagzian et al. (2013) built a model for the identification of successful factors in a digital library. Six dimensions emerged from the data: motivation, resource, people, process, location, and time. Accordingly, 36 criteria are classified into six dimensions.

At the same time, evaluation models also emphasize different aspects of digital library dimensions. For example, Dillon (1999) created a multileveled framework for evaluating the usability of digital libraries ranging from physical to social-cultural. He identifies four key factors affecting usability with the acronym TIME. Specifically, T refers to tasks that reveal users’ needs and uses for the materials; I refers to an information model that represents users’ mental models to organize the information space; M refers to manipulation skills, in particular the design of manipulation facilities to support the users’ use of documents; and E refers to the visual ergonomics that assists reading electronic text effectively. In accomplishing different tasks, the sequence of TIME might be different. Kim and Kim (2008) developed an evaluation framework tailored to digital collections, which covers four dimensions and 18 criteria. Those four dimensions are as follows: content; management and policy; system and network; and use, user, and submitter. Their model was built empirically from interviews with digital collection managers. More important, they suggest specific measures to numerically represent the evaluation criteria.

In the area of operational libraries, several practical tools have been proposed to expand evaluation efforts, including DigiQUAL, eMetrics, and EQUINOX, but they are often limited to specific elements or services. DigiQUAL was created as a tool for assessing service quality (Kyrillidou and Giersch, 2005). Based on the analysis of focus group data, the DigiQUAL research team identifies 250 items related to digital library service evaluation. These items are further classified into the following dimensions: accessibility/navigability, interoperability, community for users, developers and reviewers, collection building, federations’ role, copyright, resource use, collection evaluation, and digital library sustainability (Kyrillidou, Cook, and Lincoln, 2009). The ARL’s e-metrics project and the COUNTER and SUSHI protocols were devised for the purpose of assessing the outputs of digital libraries using the usage statistics, but they focus more on vendor-provided data.

Evaluation methods
Digital library evaluation methods
Evaluation is not just product testing; instead, it can be viewed as a research process. Collecting multiple data and triangulating the results are essential for digital library evaluation (Marchionini, 2000).

After reviewing evaluation studies, Saracevic (2004) summarizes data collection methods: questionnaires, surveys, interviews, focus groups, observations, task accomplishment, think aloud, case studies, transaction log analyses, experimentation, records analysis, usage analysis, document analysis, and economic analysis. He concludes that almost all evaluation methods have been used for digital library evaluation except the historical method. Ethnography is also proposed as an approach to evaluating digital libraries (Crabtree et al., 1997). Bollen and Luce (2002) analyzed usage patterns to evaluate the impact of a digital library and to determine the structure of a given user community. In addition, focus groups and online surveys have been used to evaluate digital library services (Choudhury et al., 2002). Albertson (2015) suggests mixed data collection methods for user-centered visual digital library evaluation. Survey, log, observation, interview, and results analysis are the suggested data collection methods to assess user, system, and interactions between them.

Multifaceted approaches are also applied to digital library evaluation at various stages of its development. Marchionini et al. (2003) used three case studies to assess user needs in order to design a prototype of the interface for the Library of Congress National Digital Library Program. Multiple types of data collection methods were used to collect data: reading room visits and interviewing staff, questionnaires of prospective users, and document analysis of reading room handouts and brochures, user study reports and email correspondences between users and librarians. Adams et al. (2005) also applied case studies to assess how social context and system design influence the empowerment of users’ use of digital libraries. In-depth interviews and focus groups were used to collect data. Multifaceted approaches help researchers and practitioners have a better understanding of the digital library.

For usability testing, questionnaire, interview, focus groups, think aloud, and logs are the most applied data collection methods (Jeng, 2005a, b; Kengeri et al. 1999; Park, 2000). For example, Ferreira and Pithan (2005) used interviews, think alouds, observations, and logs to conduct a usability study. Blandford et al. (2004) highlight two usability approaches: empirical and analytical. Although the empirical approach involves users in the testing, an analytical approach only involves usability experts in the testing by applying established theories and methods. They employ four analytical techniques to evaluate the usability of digital libraries: heuristic evaluation, cognitive walkthrough, claims analysis, and concept-based analysis of surface and structural misfits. In addition, they discuss strengths and limitations of each technique. Buttenfield (1999) identifies different methods for usability evaluation at different stages. In the system design phase, the method of ethnographic evaluation is the most frequently applied for user needs and requirements. Task analysis is another type of evaluation method. Heuristic evaluation is the third method applied at the design and the development phases. At the system development phase, cognitive walkthroughs and interviews are frequently employed to solicit information about interface design. At the system deployment phase, usability testing and usability inspection are performed, in particular the application of transaction log analysis and think-aloud protocols, and pre- and postsurveys. Van House (2003) also emphasizes the reliance on an ethnographic method to study users’ behaviors in natural settings. Hilary et al. (2007) performed comparative studies with children searching and browsing using two types of category browsers in the International Children’s Digital Library. Their results suggest that a ﬂat, simultaneous interface provides advantages over a hierarchical and sequential interface for children in both Boolean searching and casual browsing. According to Khoo et al. (2012), “the usability and design literature already recognizes that ambiguity and misunderstanding can occur in user studies” (p. 1623). Based on a comparison of usability studies conducted between users and evaluators, they propose support for users to perform digital library evaluation and use their own terms to collect evaluation data. In this way, evaluation data are not lost in translation between researchers’ analysis and the presentation of usability data.

After analyzing conference presentations at the Joint Conference on Digital Libraries (JCDL) and the European Conference on Digital Libraries (ECDL), Tsakonas et al. (2013) find that instruments mainly consist of test collections, prototypes, and algorithms. These evaluation studies are commonly conducted in laboratories. Survey and comparison studies are other preferred methods for evaluation. Experiments are employed to compare different digital libraries, different interface designs, and different organization approaches. For example, Meyyappan et al. (2004) designed an experiment to compare different information organization approaches—alphabetical, subject category, and task-based—by performing a series of task scenarios. The effectiveness and usefulness of digital libraries’ information organization approaches were compared. Both quantitative and qualitative data were collected and analyzed. A task-based information organization approach was considered more useful than the traditional approaches.

Multifaceted evaluation of digital libraries (MEDaL): study methodology
This chapter is written based on a review of the previous research as well as our own research on digital library evaluation. The authors conducted a comprehensive study on digital library evaluation, titled “Multifaceted Evaluation of Digital Libraries (MEDaL).” The study employed document analysis and Delphi surveys. Detailed discussion of our study methodology is presented later including sampling, data collection, and data analysis.

In order to identify digital library evaluation dimensions and associated criteria, Joo and Xie (2013) first conducted document analysis focusing on keywords “digital library,” “evaluation,” “criteria,” “assessment,” and other associated terms in different combinations. Google Scholar and digital library-related online databases offered by EBSCO were selected to search for relevant documents published primarily between 2000 and 2010. Two criteria were used to make relevance judgments: (1) whether the paper covers any evaluation theories, frameworks, criteria, indicators, or measures or (2) whether the paper consists of actual evaluation studies or pilot tests. Finally, 85 relevant documents and five digital library evaluation project web sites (EQUINOX, DigiQUAL, LibQUAL+, eVALUEd, DELOS) were chosen and further analyzed for digital library evaluation dimensions and corresponding evaluation criteria.

Strauss and Corbin’s (1990) open coding technique was selected for data analysis, which is the process of breaking down, examining, comparing, conceptualizing, and categorizing. Ten dimensions emerged from the analysis of the selected literature and the websites, including collection, information organization, interface design, system performance, effects on users, user engagement, services, preservation, sustainability/administration, and context of use. In addition, associated criteria identified in previous works were also incorporated into the next stage of the Delphi survey.

In the empirical phase of the MEDaL study, two-round Delphi surveys were conducted to identify the importance of evaluation criteria and the appropriateness of measures from different stakeholders of digital libraries. We partnered with five academic libraries in the data collection stage. Ninety subjects were recruited with 30 subjects for each of the three groups. The scholar group includes international researchers who have conducted digital library research with high citations or professors who have taught digital library courses. Scholars were identified based on search results from Web of Knowledge or Google Scholar, as well as from web sites of library and information science schools. Digital librarians were randomly selected from the top 200 US colleges (according to US News Rank: www.usnews.com/rankings) that have operating digital libraries, as well as librarians from the partner libraries. User group subjects, which consisted of faculty members and graduate and undergraduate students, were recruited from five partner academic libraries across the country.

The scholar subjects had well-balanced proportions in professor rank and gender. Digital libraries were their major research areas, and other related research areas include the following: information retrieval, metadata, HCI, and preservation. On average, the digital librarian subjects have had about 8.48 years of experience in digital library-related services. Their official titles contained digital librarian, digital initiative librarian, digital collection librarian, etc. User subjects, consisting of 20 students with 8 undergraduate students and 12 graduate students, as well as 10 faculty members, participated in the survey. This group contained more female subjects than male subjects. Students and faculty members came from different majors/disciplines.

Two rounds of Delphi surveys were administered to different groups of stakeholders of digital libraries including scholars, digital librarians, and users. In the first round, the importance of evaluation criteria was investigated by using a seven-point Likert scale in which 7 is rated as extremely important and 1 as not at all important. The objective of the first round is to determine which evaluation criteria would be important from the perspectives of different stakeholders. To help subjects understand the meaning of evaluation criteria, researchers presented definitions of each criterion to the subjects. Also, the first-round survey instructed subjects to enter additional dimensions and criteria they perceived to be important that were not included as part of the list. Moreover, subjects were also instructed to indicate at which stages of digital library development and operation that each criterion should be applied for evaluation. Seven phases were identified: planning, prototyping, building, testing, launching, operating, and upgrading. Finally, the survey solicits information in relation to purposes of digital library evaluation and the factors that hinder this process. Fig. 10.3 shows an example of the first-round survey.

[image: image]Figure 10.3 An Example Question from the MEDaL Study About the Importance of a Digital Library Evaluation Criterion



The results from the first-round survey were incorporated into the design of the second round. The second-round survey concentrated on the examination of the appropriateness of measures to their corresponding criterion. For the second round, 198 measures were identified and presented to the subjects. Using a seven-point Likert scale, this study attempted to confirm the appropriateness of measurements for each criterion. Also, the subjects were given the opportunity to modify the measures provided or to suggest new measures.

Since most of the data collected through the Delphi surveys contained numerical ratings, quantitative analysis was applied. For the first-round survey, descriptive statistical analysis was performed, such as average and standard deviation, to show the importance of evaluation criteria. Based on the mean average ratings, evaluation criteria from the most important to the least were ranked. In addition, ratings of digital library evaluation criteria of stakeholders were compared in order to better understand different perspectives and needs of stakeholders. Inferential statistical tests, such as ANOVA and t-tests, were conducted to compare the similarities and differences among stakeholders. Similarly, descriptive statistics were used to check the appropriateness of measures to each corresponding criterion. In this chapter, only the descriptive analysis results are reported.

Evaluation objectives and phases
Evaluation objectives
Identification of evaluation objectives is the first step for digital library evaluation because different purposes require different criteria and measurements. This evaluation may serve multiple purposes. Most of the research focuses on users’ use of digital libraries and usability evaluation in order to identify user needs and weaknesses of digital libraries, in particular for interface enhancement. Chapters 7 and 8 offered detailed discussion related to usability and user need studies. Some evaluation studies try to compare different designs of the digital library interfaces and help select one design interface over another one (Hilary et al., 2007). Digital library evaluation is conducted for library administrations to understand users’ experiences and reactions to their interactions with digital library interface (Mansor and Ripin, 2013). Digital library evaluation is also done to interpret its values based on the perceptions and uses of targeted users (Waugh et al., 2015). In addition, digital library evaluation is used to check the status of its development in a country (Alipour-Hafezi and Nick, 2015). Sometimes, digital library evaluation is performed for multiple purposes. For example, the effectiveness of its services is assessed for making budget decisions as well as to improve the quality of services (Stejskal and Hajek, 2015).

MEDaL investigates digital library evaluation purposes from the three groups of participants. Eleven types of digital library purposes were derived from the document analysis. Based on the average rating from three groups of stakeholders on a seven-point Likert scale (Fig. 10.4), the Delphi surveys reveal that the top three most important purposes are (1) understanding user needs (6.59), (2) identifying problems and weaknesses (6.54), and (3) evidence-based future planning (6.38). Interestingly, users rated “understanding user needs” the highest, 6.83, compared with the other groups (scholars: 6.61, librarians: 6.35). Both scholars (6.69) and librarians (6.48) selected “identifying problems and weaknesses” as the most important purpose of digital library. The least important purposes are (1) promotion/marketing (5.66), (2) benchmarking (5.54), and fundraising and grant writing (5.48).

[image: image]Figure 10.4 Average Rating of Digital Library Evaluation Purposes



Evaluation phases
Digital library creation and management go through several phases: planning, prototyping, building, testing, launching, operating, and upgrading. During each phase, the focus of the assessment is different. Each phase requires its own evaluation dimensions, criteria, and methods. At some phases, multiple dimensions of the assessment are required; at other phases, a specific evaluative dimension is needed. For example, in the prototyping phase, interface design assessment is the key; in the operating phase, most of the evaluation dimensions need to be considered. Of course, that also depends on the purpose of digital library evaluation. During the operating phase, usability evaluation places an emphasis on the interface and its corresponding criteria (Hilary et al., 2007); digital library value evaluation focuses on user engagement and the effects on user dimensions and related criteria (Waugh et al., 2015); the evaluation of the effectiveness of digital library services concentrates on the service dimension and associated criteria (Stejskal and Hajek, 2015).

Buttenfield (1999) discusses digital library evaluation, in particular usability evaluation during system design, system development, and system deployment. At different stages of digital library evaluation, researchers apply different evaluation methods. Buttenfield further specifies the methods used at different phases. For example, surveys and cognitive walkthroughs are applied at the initial design phase; online user surveys and focus groups are employed at the development phase; and transaction logs are initiated at the deployment phase.

Evaluation dimensions and their importance
Evaluation dimensions
Tsakonas and Papatheodorou (2011) define dimensions as a consideration of the scope of evaluation activities and describing evaluation purposes and outcomes. They further identify the following dimensions: effectiveness, performance measurement, service quality, outcome assessment, and technical excellence. Dimensions are the main constructs of digital library evaluation frameworks and models (refer to the Evaluation Framework section for a discussion of frameworks with associated dimensions). Among the dimensions, Tsakonas et al. (2013) find that effectiveness, performance measurement, and technical excellence are the main research interests in digital library evaluation, which reflect the system-centered digital library evaluation approach, based on the analysis of conference presentations at the JCDL and the ECDL.

Saracevic’s (2000;  2004) digital library evaluation framework specifies six dimensions: content, technology, interface, process/service, user, and context. Moreover, Zhang (2010) investigated and validated the importance of Saracevic’s six dimensions from different stakeholders of digital libraries. Hu et al. (2014) further examined how the six dimensions influence users’ perceptions of university digital libraries. The results yield two types of influences. On the one hand, information-providing services, information retrieval services, and individual services have a direct influence on user perception of university digital libraries. On the other hand, information organization services have an indirect influence on user perception of university digital libraries through information retrieval services and individual services. Cheng (2014) concludes that information relevance, system accessibility, and technical support are the main reasons that users continue using digital libraries.

Importance of digital library evaluation dimensions in the MEDaL study
Ten dimensions are identified in the MEDaL study based on document analysis, in particular, of documents regarding digital library evaluation theoretical frameworks, models, and other related literature. The MEDaL study not only discovers the key dimensions but also further reveals the importance of these dimensions from the perceptions of different digital library stakeholders. Table 10.1 presents the ten dimensions, definitions, and the average importance ratings by scholars, digital librarians, and users. Interestingly, interface design (6.38), collections (6.36), and information organization (6.31) were ranked as the most important dimensions. In contrast, administration (5.82), context (5.74), and service (5.65) were rated as the least important dimensions. Curiously, service is deemed as one of the important dimensions for library evaluation but was considered less important in the digital library environment in this study. It needs further examination.

Table 10.1

MEDaL: Importance of Ten Digital Library Evaluation Dimensions




	Dimension
	Definition
	Importance





	Interface design
	Assess the usability of digital library interfaces and the extent these interfaces support users’ interaction with digital libraries
	6.38



	Collections
	Assess the quality and quantity of digital library collections
	6.36



	Information organization
	Assess the representation, grouping, and presentation of digital information
	6.31



	Effects on users
	Assess the impact and value of digital libraries on users’ accomplishing their tasks
	6.26



	System and technology
	Assess the efficiency, accessibility, and reliability of digital libraries as well as their retrieval performance
	6.22



	Preservation
	Assess the extent and ways of digital library support for preservation
	5.87



	User engagement
	Assess the extent and ways of usage of digital libraries and user involvement in their development
	5.85



	Services
	Assess the quality and quantity of the offered digital library services
	5.82



	Context
	Assess the extent of digital libraries fitting into, responding to, following larger context—institutional, economic, legal, social, cultural, and others
	5.74



	Administration
	Assess administrative-related factors that affect the development of digital libraries; assess whether they can be sustained and enhanced
	5.65






Evaluation criteria and their importance
Evaluation criteria
In the area of LIS research, a number of evaluation criteria have been suggested corresponding to various dimensions of digital libraries. Fuhr et al. (2001) select the following criteria for the four key dimensions: data/collection (content, meta-content, and management), technology (user technology, information access, system structure technology, and document technology), and users/uses (user, domain, information seeking, purpose, and distribution). Saracevic (2004) identifies six classes of criteria, representing content, technology, interface, process/service, user, and context. He summarizes the digital library evaluation criteria applied by related studies consisting of:
• Usability: content (accessibly, availability, clarity, complexity, informativeness, transparency, understanding, effort to understand, adequacy, coverage, overlap, quality, accuracy, validity, reliability, and authority), process (learnability, effort/time, convenience, ease of use, lostness, support, completion, interpretation difficulty, sureness in results, and error rate), format (attractiveness, sustaining efforts, consistency, representation of labels, and communicativeness of messages), overall assessment (satisfaction, success, relevance, usefulness of results, impact, value, quality of experience, barriers, irritability, preferences, and learning).

• System features consisting of technology performance (response time, processing time, speed, capacity, and load), process/algorithm performance (relevance, clustering similarity, functionality, flexibility, comparison with human performance, error rate, optimization, logical decisions, path length, clickthroughs, and retrieval time), and overall system (maintainability, scalability, interoperability, sharability, and costs).

• Usage consisting of usage patterns, use of materials, usage statistics, who uses what and when and for what reasons/decisions.

Gonçalves et al. (2007) propose a quality model for digital library evaluation, which consists of quality dimensions and associated criteria: digital object (accessibility, pertinence, preservability, relevance, similarity, significance, and timeliness), metadata specification (accuracy, completeness, and conformance), collection (completeness), catalog (completeness and consistency), repository (completeness and consistency), and services (composability, efficiency, effectiveness, extensibility, reusability, and reliability). Xie’s (2006;  2008) evaluation framework posits the following criteria associated with five dimensions: collection quality (collection quality in general, scope, authority, accuracy, completeness, currency, and copyright), service quality (mission, user community, traditional library service, and unique services), system performance (system performance in general, efficiency and effectiveness, relevance precision and recall, and usefulness), and user satisfaction (user satisfaction, user feedback, and contact information).

Zhang (2010) identifies the top digital library evaluation criteria that are agreed upon by five groups of stakeholders including administrators, developers, librarians, researchers, and users. These agreed criteria consist of content (accessibility, accuracy, and usefulness), technology (ease of use and reliability), interface (ease of use, effectiveness, and consistency), service (accessibility, integrity, reliability, responsiveness, and usefulness), user (successfulness, satisfaction, and efficiency of task completion), and context (sustainability, collaboration/sharing, and managerial support). Vullo (2010) offers some examples of digital library criteria for the four core dimensions: organization (management and policies), content (quality of data, metadata, and digital collections), service (quality of technologies and quality of design), and user (quality of interactions between users and the digital library).

In addition to comprehensive evaluation criteria, some researchers focus on the usability aspect of digital library and its associated criteria. Kengeri et al. (1999) applied ease of use ratings (easiest to read, easiest to learn, easiest to browse, easiest to search, and easiest overall), search time, and search errors as usability evaluation criteria to compare four digital libraries. Evans et al.’s (2002) usability framework proposes the following criteria: visibility of system status, match between system and the real world, user control and freedom, consistency and standards, error prevention, recognition rather than recall, flexibility and efficiency of use, aesthetic and minimalist design, recovery from errors, and help. Jeng (2005a suggests an evaluation framework for usability of academic digital libraries concentrating on four criteria: effectiveness, efficiency, satisfaction (ease of use, organization of information, labeling, visual appearance, contents, and error correction), and learnability. Tsakonas and Papatheodorou (2008) select the following criteria to evaluate the usefulness (relevance, format, reliability, level, and coverage) and usability (ease of use, aesthetic, navigation, terminology, and learnability) of open access digital libraries. Similarly, Buchanan and Salako (2009) come up with the following digital library usability and usefulness criteria: effectiveness, efficiency, aesthetic appearance, terminology, navigation, learnability, relevance, reliability, and currency.

Hariri and Norouzi (2011) synthesize relevant literature on digital library user interface and usability and recommend the following 22 digital library interface evaluation criteria: navigation, searching, design, guidance, error management, presentation, learnability, user control, consistency, language, feedback, ease of use, match between system and the real world, customization, user support, user workload, interaction, compatibility, visibility of system status, user experience, flexibility, and accessibility. Following Hariri and Norouzi’s research, Lai et al. (2014) rank the top five digital library evaluation criteria on user interface: ease of use, searching, language, presentation and design by applying fuzzy analytic hierarchy process (AHP) to obtain weights of evaluation criteria.

Special attention is also paid to digital reference services. Lankes et al. (2003) suggest six criteria as quality standards to assess digital reference services: courtesy, accuracy, satisfaction, repeat users, awareness, and cost. Researchers have also examined relationships among digital library evaluation criteria. According to Jeng (2005a, interrelated relationships are found among effectiveness, efficiency, and satisfaction.

Other aspects of digital library evaluation criteria have also been explored. For example, Lagzian et al. (2013) identify corresponding criteria for dimensions that affect motivation (e.g., top management commitment and support, middle management commitment and support, and clear digital library policies and standards), resources (e.g., content production, structural and descriptive metadata, harvesting of resources, and metadata), people (e.g., managing overall digital library, training and education, and personnel competency), process (e.g., accuracy and reliability of service, rights statement, and digital preservation), location/network (knowledge sharing and scholarly communication), and time (provision of access and fast access to the digital library). Additional digital library evaluation criteria are also identified such as suitability, accuracy, costs, informativeness, timeliness, usefulness, use environment, and others (Kenney et al., 1998; Larsen, 2002; Kim and Kim, 2008).

Importance of digital library evaluation criteria in the MEDaL study
The results of the Delphi surveys employed in our MEDaL study indicate the importance of digital library evaluation criteria based on the average rating from the three groups of stakeholders for each of the 10 dimensions.

Dimension 1—collections
Overall, digitization standards, authority, and cost turned out to be the three most important evaluation criteria in the dimension of collections, whereas completeness, diversity, and size were the least important. Ratings of importance vary by different groups. Authority, which is related to the reliability of collection quality, was considered the most important by users. Scholars perceived audience as the most important, whereas librarians rated digitization standards the highest. Interestingly, completeness, diversity, and size were considered less important by all three groups of subjects. Table 10.2 presents the importance of evaluation criteria in the dimension of a collection.

Table 10.2

Importance of Evaluation Criteria in the Dimension of Collections




	Criterion
	Definition
	Importance





	Digitization standards
	To assess the types and methods of digitization practices conducted, as well as identify best practices to build a digital library
	6.26



	Authority
	To assess whether the information provided by a digital library comes from trustworthy sources
	6.24



	Cost
	To assess costs to build collections in a digital library
	6.15



	Item quality
	To assess the quality of a digitized item provided by a digital library within its format
	6.13



	Format compatibility
	To assess whether the format of collections in a digital library are compatible with a variety of software and systems for different purposes
	6.08



	Audience
	To assess who are the main potential users of a digital library
	6.05



	Scope/Coverage
	To assess the range of topics that are covered by a digital library
	5.62



	Contextual information
	To assess what type of additional, related information, such as bibliographies, biographies, encyclopedia entries, timelines, and interpretive essays, are available to users in a digital library
	5.51



	Completeness
	To assess whether a digital library covers all documents in each topic area
	5.29



	Diversity
	To assess whether a digital library deals with a variety of issues in relation to a topic of interest
	5.16



	Size
	To assess the amount of collection items provided by a digital library
	5.10






Dimension 2—information organization
For the dimension of information organization, appropriateness, accessibility to metadata, and metadata accuracy were ranked first, second, and third, respectively, whereas depth of metadata, metadata interoperability, and controlled vocabulary were perceived the least important. Scholars rated appropriateness the most important, whereas librarians chose accessibility to metadata. Users selected metadata accuracy, the most important with regard to information organization in digital libraries. Table 10.3 presents the importance of evaluation criteria in the dimension of information organization.

Table 10.3

Importance of Evaluation Criteria in the Dimension of Information Organization




	Criterion
	Definition
	Importance





	Appropriateness
	To assess whether the organizational structure and associated categories adequately organize items in a digital library
	6.21



	Accessibility to metadata
	To assess how easily a user can obtain the metadata information of each item
	6.19



	Metadata accuracy
	To assess how accurately metadata elements are assigned for each item
	6.16



	Metadata standards
	To assess whether metadata elements follow predefined standard and guides
	6.04



	Consistency
	To assess whether metadata are consistent across collections in a digital library
	5.93



	Comprehensiveness
	To assess whether the organization structure covers all the access points of a digital library
	5.88



	Depth of metadata
	To assess the levels of the metadata scheme used for a digital library
	5.83



	Metadata
interoperability

	To assess whether metadata elements of a digital library are compatible to different digital libraries
	5.67



	Controlled vocabulary
	To assess the types and numbers of controlled vocabularies used in a digital library
	5.56






Dimension 3—interface design
In terms of interface design, all three groups regarded search function and browsing function as the most important criteria in evaluating digital libraries. Searching and browsing are the two main approaches in the information search process, and subjects rated search and browsing functions as the top two criteria. Navigation and intuitive operation were chosen as relatively important evaluation criteria across the three groups. Visual appeal, user control, and personalized page were rated least important in the dimension of interface design. Table 10.4 presents the importance of evaluation criteria in the dimension of interface design.

Table 10.4

Importance of Evaluation Criteria in the Dimension of Interface Design




	Criterion
	Definition
	Importance





	Search function
	To assess what types of search functions are offered by a digital library and how easy it is to use them
	6.54



	Browsing function
	To assess in what ways and to what extent the interface supports a user’s ability to surf related items in a digital library
	6.34



	Navigation
	To assess in what ways and to what extent the interface supports a user’s exploration in a digital library
	6.26



	Intuitive operation
	To assess how straightforward a digital library interface is for a user to understand its operation and how easily a user can learn to operate the interface
	6.25



	Search results presentation
	To assess how the types of formats/options of search results are presented to users in a digital library
	6.18



	Consistency
	To assess whether the design and layout are coherent across a digital library interface
	6.12



	Reliability
	To assess the ability of a digital library to perform and maintain its functions under different circumstances
	6.11



	Help function
	To assess what types of help functions are offered and how effectively they support users in their help-seeking process
	5.64



	Visual appeal
	To assess to what extent the interface of a digital library is visually attractive to users
	5.61



	User control
	To assess to what extent a digital library allows users to manipulate its interface
	4.95



	Personalized page
	To assess whether a digital library offers personalized pages based on user profile
	4.25






Dimension 4—system and technology
In the dimension of system and technology, retrieval effectiveness, reliability, and server performance were identified in the MEDaL as the most important criteria. As digital libraries are considered as a type of information retrieval system, subjects thought retrieval effectiveness, such as precision and recall, was important in evaluating them. Simultaneously, reliability and server performance were the criteria that were needed to provide stable services in digital library. Less important criteria were error rate/error correction, flexibility, and linkage with other digital library. Table 10.5 presents the importance of evaluation criteria in the dimension of system and technology.

Table 10.5

Importance of Evaluation Criteria in the Dimension of System and Technology




	Criterion
	Definition
	Importance





	Retrieval effectiveness
	To assess how effective the search algorithm is in a digital library
	6.31



	Reliability
	To assess how stable a digital library performance is over time
	6.18



	Server performance
	To assess the ability of a server to run a digital library
	6.17



	Response time
	To assess how quickly a digital library responds to a user’s request
	6.13



	Fit-to-task
	To assess to what extent a digital library is adequate to perform tasks that a user requests
	6.04



	Connectivity
	To assess how stable a digital library system is when connected to other information systems
	5.99



	Page loading speed
	To assess how quickly a digital library presents a user-requested page
	5.97



	Integrated search
	To assess whether a digital library offers an integrated search environment for different collections within a digital library
	5.95



	Error rate/ error correction
	To assess the degree of errors encountered during the use of the content management system and the ability to fix the errors
	5.93



	Flexibility
	To assess whether a digital library responds to potential internal or external changes in a timely manner
	5.66



	Linkage with other digital libraries
	To assess the identification of and in what ways a digital library is linked to other related digital libraries
	5.29






Dimension 5—effects on users
In the ratings of effects on users, research productivity and learning effects were chosen as the most important criteria. This is not surprising because this survey was conducted in an academic setting. Perceptions of digital libraries and information literacy/skill change were regarded less important. It seems that the subjects considered real effects more important than perceptions. The difficulty of conducting longitudinal studies to identify the change might have contributed to the lower rating of information literacy/skill change. Table 10.6 presents the importance of evaluation criteria in the dimension of effects on users.

Table 10.6

Importance of Evaluation Criteria in the Dimension of Effects on Users




	Criterion
	Definition
	Importance





	Research productivity
	To assess in what ways and to what extent a digital library affects a user’s research outputs
	5.46



	Learning effects
	To assess in what ways and to what extent a digital library influences a user’s learning outcome
	5.30



	Knowledge change
	To assess in what ways and to what extent a digital library influences a user’s knowledge structure
	5.04



	Instructional efficiency
	To assess in what ways and to what extent a digital library enhances a user’s teaching effectiveness
	4.91



	Perception of digital libraries
	To assess in what ways and to what extent a digital library influences a user’s view of digital libraries
	4.84



	Information literacy/Skill change
	To assess to what extenta digital library enhances a user’s literacy skills
	4.64






Dimension 6—services
In the dimension of services, subjects chose service quality, usefulness, and user satisfaction as the three most important criteria. Service quality, usefulness, and user satisfaction are commonly applied criteria for service evaluation in general. The evaluation criterion for services for users with disabilities was rated fourth. On the other hand, user education, types of unique services, and customized services were ranked as the least important criteria. It seems that subjects cared more for the quality and usefulness of the digital library services and less for the unique services offered to users. Table 10.7 presents the importance of evaluation criteria in the dimension of services.

Table 10.7

Importance of Evaluation Criteria in the Dimension of Services




	Criterion
	Definition
	Importance





	Service quality
	To assess in what ways and to what extent digital library services satisfy users’ needs
	6.24



	Usefulness
	To assess in what ways and to what extent digital library services are useful for users to achieve their tasks
	6.23



	User satisfaction
	To assess in what ways and to what extent users are satisfied with services provided by a digital library
	6.18



	Types of services for users with disabilities
	To assess the types of services offered to users with disabilities
	6.12



	Reliability
	To assess how users of a digital library perceive the trustworthiness of services provided
	6.01



	Responsiveness
	To assess the reaction time to a user’s request for a digital library service
	5.97



	Timeliness
	To assess in what ways and to what extent services are offered to users in a timely manner
	5.94



	Types of services
	To assess the types of services provided by a digital library
	5.62



	Availability of digital library staff
	To assess in what ways and to what extent a user can easily contact staff of a digital library for questions, feedback, and comments
	5.61



	Confidence
	To assess in what ways and to what extent users have a positive attitude toward services offered by a digital library
	5.55



	Follow-up services
	To assess in what ways and to what extent adequate and timely continuing services are provided to users by a digital library when necessary
	5.21



	FAQ/Q&A
	To assess whether and how many FAQs or Q&As a digital library provides to help users in using it
	5.13



	User education
	To assess the types of user education offered by a digital library
	5.10



	Types of unique services
	To assess the unique types of services provided by a digital library compared to other related digital libraries
	4.79



	Customized services
	To assess whether a digital library offers personalized services based on user profile information or user requests
	4.75






Dimension 7—preservation
In the dimension of preservation, completeness, ability to migrate, and preservation policy were ranked first, second, and third, respectively. Institutional support, types of archiving methods, and cost per record were less important according to the survey. Overall, librarians assigned a higher score of the importance of evaluation criteria to the dimension of preservation. This reveals that librarians emphasize preservation more than the other two groups. Table 10.8 presents the importance of evaluation criteria in the dimension of preservation.

Table 10.8

Importance of Evaluation Criteria in the Dimension of Preservation




	Criterion
	Definition
	Importance





	Completeness
	To assess to what extent the archiving process to preserve archived materials is complete and comprehensive
	6.22



	Ability to migrate
	To assess the ability of data migration for preservation.
	6.19



	Preservation policy
	To assess whether a policy regarding preservation is developed and what is covered by the policy
	6.00



	Preservation infrastructure
	To assess the types of archiving equipment and facilities a digital library uses for digital preservation
	5.85



	Institutional support
	To assess how many staff members or resources are dedicated to the preservation tasks of a digital library
	5.76



	Types of archiving methods
	To assess the archiving methods/approaches a digital library staff member has to apply in order to preserve information
	5.73



	Cost per record
	To assess the average cost for archiving one record
	5.44






Dimension 8—administration
Since users do not have sufficient knowledge of digital library, they were excluded from the survey in this dimension. Based on the responses from scholars and librarians, budget, planning, and staffing turned out to be the most important criteria in the dimension of administration. Management policy, fundraising/sponsor, and incentive were considered less important by the two groups. Table 10.9 presents the importance of evaluation criteria in the dimension of administration.

Table 10.9

Importance of Evaluation Criteria in the Dimension of Administration




	Criterion
	Definition
	Importance





	Budget
	To assess the amount and arrangement of monetary resources to efficiently manage a digital library
	6.18



	Planning
	To assess whether strategic plans are established to create, manage, maintain, and enhance a digital library
	6.10



	Staffing
	To assess the quantity and arrangement of human resources to efficiently manage a digital library
	6.02



	Staff training
	To assess the types, frequency, and efficiency of training programs offered to digital library staff
	5.79



	Marketing
	To assess the publicity efforts of a digital library to attract potential users and inform related communities
	5.67



	Regular assessment
	To assess whether regular, continuous evaluation is performed to maintain and enhance a digital library
	5.59



	Management policy
	To assess whether a well-defined policy for administration is offered by a digital library
	5.40



	Fundraising/sponsor
	To assess the effort of fundraising to support a digital library financially
	5.28



	Incentive
	To assess the types of incentives provided to digital library staff
	4.32






Dimension 9—user engagement
In the dimension of user engagement, resource use, user feedback, and site visit were the three highly rated evaluation criteria by three groups. Resource use is one of the fundamental criteria in the evaluation of libraries, and it is also perceived as an important evaluation criterion in the context of a digital library. Moreover, all three groups perceived user feedback as the important criterion to judge user engagement. On the other hand, user participation channels, user knowledge contribution, and e-commerce support were perceived as less important. Table 10.10 presents the importance of evaluation criteria in the dimension of user engagement.

Table 10.10

Importance of Evaluation Criteria in the Dimension of User Engagement




	Criterion
	Definition
	Importance





	Resource use
	To assess in what ways and to what extent users use resources in a digital library
	6.04



	User feedback
	To assess the types of user comments and suggestions received by a digital library and in what ways and to what extent these comments and suggestions are incorporated into the enhancement of the digital library
	5.97



	Site visit
	To assess how frequently users visit a digital library web site and the duration for each visit
	5.74



	Integration with external applications
	To assess in what ways users can export digital objects and integrate with external applications, such as slide presentation software
	5.51



	Help feature use
	To assess which help features are offered to users, how frequently, and in what context users try to use help-related features in a digital library
	5.43



	User participation channels
	To assess the types of channels available to users to communicate with the staff of a digital library
	5.39



	User knowledge contribution
	To assess the ways users can contribute to digital library content and organization through tagging, commenting, and adding their own objects
	5.26



	E-commerce support
	To assess the capabilities of ordering digital objects online
	4.61






Dimension 10—context
Finally, subjects selected copyright, information ethics compliance, and organizational mission as the most important evaluation criteria in this dimension. Again, the groups from the academic library setting expressed their view on the importance of information ethics compliance. On the other hand, content sharing, collaboration, and social impact were considered less important. Table 10.11 presents the importance of evaluation criteria in the dimension of context.

Table 10.11

Importance of Evaluation Criteria in the Dimension of Context




	Criterion
	Definition
	Importance





	Copyright
	To assess whether a digital library identifies and conforms to copyright issues
	6.26



	Information ethics compliance
	To assess whether a digital library identifies and conforms to ethical issues related to its creation and use
	6.23



	Organizational mission
	To assess in what ways and to what extent digital library creation and use conform to organizational objectives
	5.79



	Targeted user community
	To assess in what ways and to what extent a digital library engages in targeted user groups
	5.77



	Content sharing
	To assess in what ways and to what extent stakeholders of a digital library are willing to share their content
	5.69



	Collaboration
	To assess in what ways and to what extent stakeholders of a digital library work together; to assess in what ways and to what extent stakeholders of a digital library cooperate with stakeholders of another one
	5.30



	Social impact
	To assess in what ways and to what extent the use of a digital library influences society
	4.97






Evaluation measurements
Digital library evaluation measurements
In order to effectively perform digital library evaluations, not only the criteria but also measurements are essential. Compared to the evaluation, it is more difficult to validate its measurements. Marchionini (2000) makes two suggestions for digital library evaluation measurements. First, it is important to integrate as many specific measures instead of depending on one single measure. Second, it is vital to integrate statistical data and qualitative data. Albertson (2015) also stresses the importance of having both quantitative and qualitative measures for user-centered visual digital library evaluation. Just as Heradio et al. (2012) states, “there is an increasing trend to blend quantitative and qualitative data within a study to provide a broader and deeper perspective” (p. 277).

Researchers have proposed different types of measurements for either overall digital library evaluation or its specific aspects. Gonçalves et al. (2007) suggest mostly quantitative measurements for the quality evaluation of digital libraries—for example, accurate attributes, number of attributes in the record for accuracy of and missing attributes, schema size for completeness of and conformant attributes, and schema size for conformance of metadata specification. Heradio et al. (2012) review the quality digital library evaluation from users’ perceptions, in particular related to utility, usability, and their costs. Specifically, they introduce two alternative measurements: Likert scales and fuzzy linguistic information. They conclude that Likert scales have the advantage of measuring user’s opinion distribution although “the assumption of interval for Likert data in the digital library context has to be justified” (p. 280) whereas fuzzy linguistic modeling generates better results. Buchanan and Salako (2009) recommend measures for each of the digital library usability and usefulness criteria. For example, tasks completed for effectiveness, time to complete for efficiency, attractiveness for aesthetic, appropriateness for appearance, comprehension and consistency for terminology, steps to complete for navigation, repetition of failed commands for learnability, relevant results and utility for relevance, credibility for reliability, and creation date and last citation for currency.

Electronic resource evaluation accounts for a large part of digital library evaluation. Noh (2010) identifies multiple sectors and their corresponding evaluation indices for electronic resource development and uses. Based on three rounds of the Delphi survey, Noh presents evaluation measurements for evaluation criteria in relation to e-resource acquisition, e-resource use, and environment for e-resource use. For example, annual number of sessions to web database (DB) per service recipient, and the annual number of DB hits per service recipient, and annual number of Web DB downloads per service recipient are the measurements of use of Web DB. Blixrud (2002,  2003) and Shim (2002) report the project conducted by members of the Association of Research Libraries (ARL). They developed measures for the assessment of electronic resources in terms of resources, expenditures, and usage. Among the measures, library digitization activities are assessed by size of library digital collection, use of library digital collection, and cost of digital collection construction and management.

Evaluation of services offered by digital libraries is an area of keen interest to researchers and practitioners. Brophy (2001) summarizes digital library performance indicators based on the opinions from the professional community as part of the EQUINOX project: percentage of the population reached; number of sessions on each digital library service per member of the target population; number of remote sessions on these services per member of the population to be served; number of documents and entries viewed per session for each service; cost per session for each service; cost per document or entry viewed for each service; percentage of information requests submitted electronically; library computer workstation use rate; number of library computer workstation hours available per member of the population to be served; rejected sessions as a percentage of total attempted sessions; percentage of total acquisitions of expenditure spent on acquisition of services; number of attendees at formal service training sessions per member of the population to be served; number of library staff developing, managing, and providing digital libraries and user training as a percentage of total library staff; and user satisfaction with digital library services. Lankes et al. (2003) propose five types of performance measures to assess digital reference services: descriptive statistics and measures, log analysis, user satisfaction measures, cost, and staff time expended.
• Descriptive measures: the number of digital reference questions received, number of digital reference responses, number of digital reference answers, total reference activities, percentage of digital reference questions to total reference questions, digital reference fill rate, digital reference completion rate, number of unanswered digital reference questions, types of digital reference questions received, saturation rate, sources used per question, and repeat users.

• Examples of log measures: the number of digital reference sessions, usage of digital reference services by day of the week.

• User measures: awareness of service, accessibility of service, expectation for service, etc.

• Cost measures: cost of digital reference service, cost of digital reference service as a percentage of total reference budget, etc.

• Staff measures: percentage of staff time spent overseeing technology and assisting users with technology.

Even though specific measures have been suggested for different aspects of digital library evaluation, there is a lack of measure for all the dimensions. Moreover, there is no systematic analysis and discussion about measures for each criterion under each dimension. Our MEDaLstudy presented, as follows, fills in the gap.

Appropriateness of measurements in the MEDaL study
Measures are the foci of the second part of the MEDaL study presented in this chapter. In the second round, we suggested specific measures and operational definitions for evaluation criteria. In this round, the user group was excluded from the survey because they do not have in-depth knowledge of measurements. Fifty-five subjects out of 61 participated in the second-round survey, which is a 90.1% participation rate. They were asked to rate the appropriateness of measures based on the seven-item Likert scale (7 as the most appropriate and 1 as not at all appropriate). This section summarizes the survey results. Different measurements for each criterion are listed based on their rated appropriateness from high to low in the following tables.

Dimension 1—collections
Twenty-one measures in this dimension were suggested in this study, and scholar and librarian subjects were instructed to rate the appropriateness of each measure to its corresponding criterion. Subjects gave a rating over 6 for compliance with digitization standards (6.327), quality specification (6.164), and presence of resource reference information (6.036). However, level of domain knowledge (4.985), presence of diverse perspectives (4.945), and potential user demographic data (4.873) were rated the least appropriate to explain their criteria, respectively. Table 10.12 presents the appropriateness of evaluation measurements in the dimension of collections.

Table 10.12

Appropriateness of Evaluation Measures in the Dimension of Collections




	Criterion
	Measure and Definition





	Digitization standards
	Compliance with digitization standards: Whether a digital library adheres to the established digitization standards



	Authority
	Presence of resource reference information: Whether resource reference information for each item is available



	Item quality
	Quality specification: Technical specification for creating digitized objects



	Cost
	Cost of metadata: Average cost for creating metadata per record



	Cost for building a digital collection: Average cost for building a collection



	Cost of conversion: Average cost for converting to a digitized item



	Format compatibility
	Types of access files: Types of access files used in the collection



	Data type: Types of data used in the collection



	Audience
	User demographic data: Whether user information data are collected



	Potential user demographic data: Types of potential users and their demographic characteristics



	Scope/Coverage
	Time span of coverage: Time period covered in the collections



	Subject coverage: Number of topics in a digital library



	Contextual information
	Presence of contextual information for collection: Whether there are secondary resources for digital collections to provide contextual information



	Completeness
	Item size in specific topic: Number of items per topic



	Diversity
	Presence of diverse perspectives: Whether a digital library contains diverse perspectives on a topic



	Size
	Collection size: Number of digitized objects



	Collection development policy
	Presence of collection development policy: Whether a digital library has a documented policy about collection development



	Components of policy: Types of components of collection development policy



	Currency
	Currency of collections: Proportions of newly archived collections in recent years



	Re-use
	Re-use of digital objects: Types of digital objects that can be reused



	Collection developer knowledge
	Level of domain knowledge: To what extent collection developers have domain knowledge
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Dimension 2—information organization
In the second dimension—information organization—total 17 measures for 9 criteria were presented to the subjects. All measures were rated over 5 in terms of their appropriateness. There were three measures that are rated over 6: compliance to the metadata standards (6.164), compliance to interoperability standards (6.109), and incorrect data value (6.091). The least three appropriate measures were metadata elements used (5.127), subject analysis (5.036), and depth of description (5.036). Table 10.13 presents the appropriateness of evaluation measures in the dimension of information organization.

Table 10.13

Appropriateness of Evaluation Measures in the Dimension of Information Organization




	Criterion
	Measure and Definition





	Appropriateness
	Domain appropriateness: Metadata appropriateness as judged by domain experts



	User-perceived appropriateness: Metadata appropriateness as judged by users



	Accessibility of metadata
	Ease of access to metadata: Users’ perceived accessibility of metadata



	Metadata accuracy
	Incorrect data value: Percentage of incorrect data values



	Inaccurate data entry: Percentage of inaccurate data entry



	Metadata standards
	Compliance to the metadata standards: Proportion of accurately mapped elements compared to the selected metadata schema



	Types of metadata standards: Whether a digital library adheres to the selected metadata standard



	Consistency
	Metadata element consistency: The extent to which the selected metadata elements are used for data input across collections in a digital library



	Metadata schema consistency: The extent to which the selected metadata schema is used for data input across collections in a digital library



	Comprehensiveness
	Completed metadata: Average number of metadata fields populated per record



	Metadata elements used: Percentage of metadata elements used compared to the selected metadata schema



	Depth of metadata
	Subject analysis: Average number of subject terms per record



	Depth of description: Length of item description



	Metadata interoperability
	Compliance to interoperability standards: Whether a digital library complies with interoperability standards



	Controlled vocabulary
	Presence of controlled vocabularies: Whether a digital library uses controlled vocabularies in organizing objects



	Ease of access to controlled vocabularies: Users’ perceived access to controlled vocabularies



	Presence of controlled vocabularies: Whether a digital library offers controlled vocabularies
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Dimension 3—interface design
In the interface design dimension, 32 measures were identified for 10 criteria. Eight measures were rated over 6 for their appropriateness, which indicates at least “very appropriate.” These 8 measures are as follows: search function usefulness (6.327), types of search features (6.309), search function ease of use (6.291), overall ease of use (6.200), design consistency (6.164), browsing function usefulness (6.036), navigation usefulness (6.036), and browsing function ease of use (6.018). However, 2 measures suggested for the criterion of user participatory design were perceived less appropriate: extent of user participation (5.055) and types of user participation in interface design (5.018). Also, use of help features was considered least appropriate among 32 measures in this dimension. Table 10.14 presents the appropriateness of evaluation measures in the dimension of interface design.

Table 10.14

Appropriateness of Evaluation Measures in the Dimension of Interface Design




	Criterion
	Measure and Definition





	Search function
	Usefulness: Users’ perceived usefulness of the search function



	Types of search features: Types of search features available



	Ease of use: Users’ perceived ease of use



	Use of search features: Average frequency of and time spent on search feature use in a session



	Browsing function
	Usefulness: Users’ perceived usefulness of the browsing function



	Ease of use: Users’ perceived ease of use



	Browsing access points and paths: Types of browsing access points and paths available



	Organization of browsing structure: Experts’ assessment of logic and quality of the browsing structure



	Use of browsing features: Average frequency of and time spent on browsing feature use in a session



	Navigation
	Usefulness: Users’ perceived usefulness of the navigation features



	Ease of use: Users’ perceived ease of use



	Navigation features: Types of navigation features available



	Use of navigation features: Average frequency of and time spent using the navigation features in a session



	Intuitive operation
	Overall ease of use: Users’ perceived ease of use to operate the interface of a digital library



	Consistency
	Design consistency: Consistency in fonts, layout, menus, colors, etc



	Consistency from user perspective: Users’ perceived consistency of the interface



	Help function
	Ease of use: Users’ perceived ease of use of the help function



	Usefulness: Users’ perceived usefulness of the help function



	Help use situations: Under what situations users use help features



	Types of help features: Types of help features available



	Use of help features: Average frequency of and time spent on help feature use in a session



	Visual appeal
	Visual aesthetics: Users’ perception of the interface aesthetics



	User control
	Usefulness: Users’ perceived usefulness of user control features



	Ease of use: Users’ perceived ease of use



	Types of user control features: Types of user control features available



	Use of user control feature: Average frequency of and time spent on using each type of user control feature in a session



	Personalization feature
	Ease of use: Users’ perceived ease of use



	Usefulness: Users’ perceived usefulness of personalization features



	Types of personalization features: Types of personalization features provided



	Use of personalization features: Average frequency of and time spent on personalization feature use in a session



	User participatory design
	Extent of user participation: To what extent users participate in interface design



	Types of user participation in interface design: Types of user participation in the process of interface design
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Dimension 4—system and technology
In Dimension 4, 21 measures for 15 criteria were shown to the subjects. These measures are mostly adopted from evaluation research on information retrieval evaluation or system evaluation. Six measures were perceived “very appropriate,” which scored over 6 on average on a seven-point scale: precision (6.273), system failure (6.218), response time to search results (6.200), recall (6.055), system response time (6.036), and search across collections (6.000). On the contrary, replacement and update of equipment (5.109), use of emerging technologies (5.018), and presence of open source (4.909) were rated relatively lower in this dimension. Table 10.15 presents the appropriateness of evaluation measures in the dimension of system and technology.

Table 10.15

Appropriateness of Evaluation Measures in the Dimension of System and Technology




	Criterion
	Measure and Definition





	Retrieval effectiveness
	Precision: Precision = Number of relevant items retrieved/number of retrieved items



	Recall: Recall = Number of relevant items retrieved/number of relevant items in the digital library collection



	Aspectual recall: Ratio of aspects of the search topic identified in the documents saved by the subject to the total number of aspects of the topic



	Retrieval efficiency
	Response time to search results: Response time to present search results after a search request is submitted



	Server performance
	Bandwidth: Bandwidth speed



	Traffic: The volume of total traffic accessing a digital library site



	Reliability
	System failure: Number of system failures occurring in a specific period of time



	Response time
	System response time: End-to-end response time after a page request is made



	Fit to task
	Perceived fit to task: The extent to which a user perceives the appropriateness of a digital library to carry out his/her search task



	Speed of page loading
	Page loading speed: Average downloading speed per page



	System connectivity
	Compatibility with other types of systems: Technical ability to connect to other types of systems



	Ease of connection: Experts’ assessment of ease of connection to other systems



	Error rate and correction
	Error rate: Ratio of number of error occurrences over number of page attempts



	Error correction rate: Ratio of corrected errors compared with errors encountered



	Integrated search
	Search across collections: Whether a digital library provides an integrated search function across multiple collections



	Customizability
	Capability to adopt system features: To what extent a digital library is able to add or customize new features



	Availability of API: Whether a digital library provides APIs to developers or users



	Open source
	Presence of open source: Whether a digital library provides a platform for open source



	Emerging technologies
	Use of emerging technologies: Types of emerging technologies incorporated in a digital library



	Lifecycle of equipment
	Replacement and update of equipment: Frequency of replacement and upgrade of equipment



	Technical support
	Technical support from the IT team: Types of technical support from institution’s IT team
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Dimension 5—effects on users
In the effects on users dimension, 11 measures were identified for 5 evaluation criteria. In this dimension, no measure scored over 6. This dimension contains many criteria that are related to change, and it is hard to measure them by a simple study. The top three ranked measures in terms of appropriateness are willingness to continue use of the digital library (5.982), in teaching (5.691), and for research (5.636). On the contrary, two measures were rated less than 5: attitude change after digital library uses (4.982) and perceived information literacy/skill (4.982). Table 10.16 presents the appropriateness of evaluation measures in the dimension of effects on users.

Table 10.16

Appropriateness of Evaluation Measures in the Dimension of Effects on Users




	Criterion
	Measure and Definition





	Research productivity
	Digital library uses for research: Frequency of digital library use for research purposes



	Effects of digital library uses on research: In what ways a digital library enhances a user’s research productivity



	Research productivity change: To what extent a digital library enhances a user’s research productivity



	Domain knowledge change
	Perceived domain knowledge change: Perceived increase of domain knowledge after using a digital library



	Domain knowledge change after digital library uses: Domain knowledge change between the pretest and posttest after digital library use study



	Instructional effectiveness
	Digital library uses in teaching: Frequency of digital library uses in teaching



	Effects of digital library uses on teaching effectiveness: In what ways a digital library improves users’ teaching effectiveness



	Perception of digital libraries
	Attitude change after digital library uses: To what extent users change attitude toward digital libraries in general



	Willingness to continue use of a digital library: Perceived willingness to continue use of a digital library



	Information literacy/skill change
	Perceived information literacy/skill change: Perceived improvement of information literacy skill after using a digital library



	Change of information literacy/skill: Change between the pretest and posttest after using a digital library
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Dimension 6—services
In the services dimension, 26 measures were identified for 10 criteria. There were two measures rated over 6: overall usefulness (6.145) and overall satisfaction (6.091). These two measures are frequently used in service evaluation, and they were also selected as highly appropriate measures in the context of digital libraries. However, ratings for types of services—uniqueness (4.945), number of reference services provided (4.909), and staff accessible hours (4.873) were comparatively lower. Table 10.17 presents the appropriateness of evaluation measures in the dimension of services.

Table 10.17

Appropriateness of Evaluation Measures in the Dimension of Services




	Criterion
	Measure and Definition





	Overall usefulness
	Perceived overall usefulness: Users’ perceived usefulness of overall services provided in a digital library



	Ways of usefulness: In what ways digital library services are useful to users



	Overall satisfaction
	Perceived overall satisfaction: Users’ perceived satisfaction to overall services provided in a digital library



	Services for users with disabilities
	Types of services: Types of services for people with disabilities offered in a digital library



	Usefulness: Disabled users’ perceived usefulness



	Ease of use: Disabled users’ perceived ease of use of digital library services



	Frequency of service uses by people with disabilities: Frequency of each type of service used by people with disabilities in a specific time period



	Overall reliability
	Reliability of services: Users’ perceived reliability



	Overall responsiveness
	Perceived responsiveness: Service responsiveness rated by users



	Update
	Update frequency: Frequency of and types of services updated in a specific time period



	Types of services
	Types of user services: Types of user services offered in a digital library



	Usefulness: Users’ perceived usefulness for each type of service



	Ease of use: Users’ perceived ease of use for each type of service



	Uniqueness: Number of unique services offered in a digital library compared to library services or other digital library services



	Frequency of service uses: Frequency of each type of service used in a specific time period



	Accessibility to managerial staff
	Perceived availability of staff: User perception of the availability of digital library management staff



	Staff accessible hours: Number of hours users can access digital library management staff



	Reference services
	Types of reference services: Types of reference services offered in a digital library



	Usefulness: Users’ perceived usefulness of reference services offered in a digital library



	Ease of use: Users’ perceived ease of use of reference services



	Number of reference services provided: Number of times/instances that reference services are provided to users in a specific period of time



	Response time to digital library reference requests: Average response time to a reference request regarding digital library resources



	Customized services
	Types of customized services: Types of customized services offered by a digital library



	Usefulness: Users’ perceived usefulness of customized services



	Ease of use: Users’ perceived ease of use of customized services



	Use of customized services: Frequency of each type of customized service used in a specific period of time
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Dimension 7—preservation
In the preservation dimension, 11 measures were identified for 6 criteria. Among them, exporting capability (6.309), presence of preservation policy (6.164), and migratable data type (6.036) were rated highly appropriate. On the other hand, components of preservation policy (5.618), refresh frequency (5.473), and preservation cost per record (5.400) were rated less appropriate to account for associated evaluation criteria. Table 10.18 presents the appropriateness of evaluation measures in the dimension of preservation.

Table 10.18

Appropriateness of Evaluation Measures in the Dimension of Preservation




	Criterion
	Measure and Definition





	Ability to migrate
	Migratable data type: Types of data that can be migrated to a digital library



	Exporting capability: Whether a digital library has a function to export data in different formats for preservation



	Preservation policy
	Presence of preservation policy: Whether a digital library has a documented policy regarding preservation practices



	Components of preservation policy: Types of components in the preservation policy



	Strategies of preservation: Types of strategies presented in the preservation policy



	Preservation infrastructure
	Types of preservation tools: Types of preservation tools offered



	Institutional support
	Types of support: Types of support offered by the institution



	Level of support: The extent of support offered from the institution



	Cost per record
	Preservation cost per record: Average cost for preserving a record



	Ability to refresh
	Refreshable data type: Types of data that can be refreshed



	Refresh frequency: How frequently data are refreshed
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Dimension 8—administration
Regarding the administration dimension, 25 measures were identified for 11 evaluation criteria. Among them, presence of copyright policy (6.309), presence of sustainability plans (6.091), and presence of strategic plans (5.782) were determined to be the three most appropriate measures for their associated criteria. On the contrary, the three least appropriate measures were as follows: frequency of marketing/promotion activities (4.982), student hours on digital library (4.800), and number/amount of grant/fundraising attempts (4.673), each of which was given less than five points in the survey. Table 10.19 presents the appropriateness of evaluation measures in the dimension of administration.

Table 10.19

Appropriateness of Evaluation Measures in the Dimension of Administration




	Criterion
	Measure and Definition





	Copyright
	Presence of copyright policy: Whether a digital library has a documented policy regarding copyright management



	Components of copyright policy: Types of components in the copyright policy



	Budget
	Budget amount: Total amount of budget for a digital library



	Proportion of digital library budget: Proportion of digital library budget over total library budget



	Distribution of digital library budget: Distribution of budget for different components of a digital library



	Planning
	Presence of strategic plans: Whether there are documented strategic plans for a digital library



	Components of plans: Components of strategic plans



	Staffing
	Number of staff: Number of staff dedicated to a digital library



	Staff hours on digital library: Number of professional staff hours dedicated to a digital library



	Student hours on digital library: Number of student worker hours dedicated to a digital library



	Staff training
	Types of training for digital library staff: Types of training offered to digital library staff for a specific period of time



	Resources: Amount of resources for training allocated to a digital library



	Marketing/Promotion
	Marketing/promotion methods: Types of marketing/promotion methods used for promoting a digital library



	Frequency of marketing/promotion activities: Frequency of each type of marketing activity taking place for a digital library in a specific period of time



	Recognition of digital libraries: Number of people aware of a digital library based on survey



	Assessment
	Frequency of assessment: Frequency of digital library assessment in a specific period of time



	Dimensions of assessment: Dimensions of a digital library included in the assessment



	Management policy
	Presence of management policy: Whether there is a documented management policy on a digital library



	Components of management policy: Types of components in the management policy related to a digital library



	Grant/Fundraising
	Number/Amount of grant/fundraising: Total number/amount of grants/fundraising for digital libraries in a specific period of time



	Number/Amount of grant/fundraising attempts: Number/amount of grants/fundraising attempted on digital libraries in a specific period of time



	Number/Amount of grant/fundraising received: Number/amount of grants/fundraising received in a specific period of time



	Cost effectiveness
	Cost effectiveness: The ratio of total digital library uses to the cost



	Sustainability plan
	Presence of sustainability plans: Whether there are documented sustainability plans for a digital library



	Components of plans: Components of sustainability plans for a digital library
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Dimension 9—user engagement
In the user engagement dimension, 18 measures were identified for 7 criteria. In particular, 5 measures were suggested for the criterion of site visits, such as frequency, session length, and unique visits. In this dimension, most of the measures were related to measuring resource usage in digital library. As to the most appropriate measures, item viewed (6.000), item downloading (6.000), and frequency of site visits (5.982) were highly rated. Also, the top seven most appropriate measures are related to resource uses in digital library. On the contrary, quantity of user feedback (5.473), ease of purchasing (5.091), and number of orders (4.909) were rated less appropriate. Table 10.20 presents the appropriateness of evaluation measures in the dimension of user engagement.

Table 10.20

Appropriateness of Evaluation Measures in the Dimension of User Engagement




	Criterion
	Measure and Definition





	Digital object use
	Items viewed: Number of items viewed



	Time spent on an item: Average time spent on viewing an individual item



	Item downloading: Number of items downloaded.



	User feedback
	User feedback channels: Types of user feedback channels offered in a digital library



	Quantity of user feedback: Amount of user feedback submitted for a digital library



	Site visit
	Frequency of site visits: Number of site visits within a specific period of time



	Session length: Average time spent on a digital library from the beginning to the end of a session



	Frequency of page visits: Number of page visits within a specific period of time



	Unique site visits: Number of unique (site) visits within a specific period of time



	Unique page visits: Number of unique (page) visits within a specific period of time



	Integration with external applications
	Compatibility with external applications: Types of external applications that are compatible with a digital library



	Ease of integration: Degree of ease to integrate a digital library to external application as assessed by an expert



	User/community knowledge contribution
	Types of user/community knowledge contributions: Types of user/community knowledge contribution channels available in a digital library



	E-commerce support
	Number of orders: Number of orders placed for items in a digital library within a specific period of time



	Ease of purchasing: Users’ perceived ease of purchasing digital objects



	Search pattern
	Queries entered: Number of queries entered per session



	Categories viewed: Number of category pages viewed per session



	Search result evaluation: Number of search result pages viewed per session
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Dimension 10—context
Finally, 16 measures were suggested for 9 criteria in the context dimension. Interestingly, there was no measure rated over 6 on average, and overall the ratings were relatively lower compared to measures in other dimensions. This implies that they are more difficult to measure. Most of the measures in this dimension are qualitative, which are more prone to subjectivity. The three most appropriate measures were deemed to be user community engagement (5.727), organizational mission—ways of support (5.691), and level of user community engagement (5.691). On the contrary, types of collaborations (5.182), number of collaborations (5.127), and components of guidelines for ethics (5.073) were rated least appropriate. Table 10.21 presents the appropriateness of evaluation measures in the dimension of context.

Table 10.21

Appropriateness of Evaluation Measures in the Dimension of Context




	Criterion
	Measure and Definition





	Information ethics
	Presence of ethics guidelines: Whether a digital library has guidelines for ethical issues



	Components of guidelines for ethics: Types of components in the guidelines for ethics



	Organizational mission
	Conformity to organizational mission: The extent to which a digital library conforms to organizational mission



	Ways of support: In what ways a digital library supports the organizational mission



	Targeted user community
	User community engagement: Types of user community engagements (e.g., outreach, collaboration, participation in collection development, etc.)



	Level of user community engagement: To what extent a digital library engages in user communities



	Content sharing
	Types of content sharing: Types of digital library content sharing partners



	Types of resources shared: Types of digital library items shared with partners



	Number of items shared: Number of items shared with partners



	Collaboration
	Types of collaboration: Types of digital library collaboration partners or stakeholders



	Number of collaborations: Number of digital library collaborations in a specific period of time



	Social impact
	Types of social impacts: Types of social impacts of a digital library on community and society



	Level of social impact: To what extent a digital library influences society



	Knowledge change in communities
	Ways of knowledge change: In what ways a digital library supports knowledge change in communities or societies



	Multilingual access
	Types of languages: Types of languages supported by a digital library



	Multicultural audiences
	Types of multicultural audiences: To what extent a digital library engages in multicultural audiences
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Factors hindering digital library evaluation
Although there are more studies on digital library evaluation criteria and measures, fewer studies concentrate on factors. Multiple factors affect digital library evaluation. Our study explored what factors negatively influence digital library evaluation research and practices. Twelve factors hindering the evaluation of digital libraries were specified. Among them, the three most influential factors were as follows: limited evaluation tools directly applicable to practices (5.82), insufficient experience in evaluation (5.76), and limited awareness of the importance of digital library evaluation (5.59). It seems that the lack of evaluation tools and experience contributed the most to the impediment of digital library evaluation. On the contrary, the three least influential factors were selected as lack of user participation (5.21), limited application of evaluation results (5.18), and lack of incentive for evaluation (5.16). Fig. 10.5 presents the hindering factors affecting digital library evaluation.

[image: image]Figure 10.5 Hindering Factors of Digital Library Evaluation



Evaluation challenges
Even though researchers and practitioners realize the importance of digital library evaluation, there are still challenges and problems for performing successful evaluation. First, definitions of digital library evaluation criteria need clarification and to be agreed upon. Heradio et al. (2012) point out that the lack of a standard definition for usability and usefulness is one of the main digital library evaluation challenges from user perspectives. Researchers and practitioners use different terms for the same concept, or they use the same terms but with differing meanings. It is critical to develop standard definitions of digital library evaluation criteria that are agreed upon and adopted as a standard by researchers and practitioners.

Second, digital library evaluation is complex because digital libraries mean different things to different groups (Van House, 2003; Zhang, 2010). Scholars, librarians, and users are the three main stakeholders of digital libraries. However, they do have differing opinions regarding the important criteria for digital library evaluation because they play different roles in its research, creation, management, and use. Although researchers and users consider the ideal situations in digital library evaluation, librarians have to consider the practical side of its management. It is beneficial to engage scholars, librarians, and users in digital library evaluation in order to have a more comprehensive picture.

Third, evaluation objectives or purposes are the leading forces for digital library evaluation. It is a challenge to match digital library evaluation criteria and measurements with diverse evaluation objectives or purposes. Future research needs to identify the relationships between evaluation objectives and associated criteria and measurements and further offer a set of specific evaluation criteria with associated measures for each specific evaluation objective so practitioners and researchers can mix and match different digital library criteria and measurements for their specific objectives.

Fourth, challenges related to measurements mainly focus on the identification of types of data used for measurements. There are disagreements on the acceptance of different types of measurements, such as the interval status for Likert scales and Likert scales versus fuzzy linguistic modeling (Heradio et al., 2012). It requires further research to identify the most appropriate measurements for different types of evaluation criteria.

Fifth, existing research has suggested that both qualitative and quantitative methods, as well as multiple data collection methods and multiple measurements, are needed for digital library evaluation. As such, the challenge is to find a research team or person who can integrate all the research methods into the assessment of digital libraries. Digital library evaluation requires the involvement of multiple personnel who have expertise in different data collection and data analysis methods.

Sixth, in order to create a comprehensive digital library evaluation framework and associated criteria and measurement, it is beneficial to create a community for evaluation research and to provide data repositories to share research findings and reach consensus (Fuhr et al., 2007). The challenge is how to build this type of community and repositories, in particular internationally. The other related issues are data reuse and data protection.

Seventh, this challenge is related to how to evaluate digital libraries as emergent systems. Digital libraries are dynamic and complex systems (Marchionini, 2000; Saracevic, 2004). Can we evaluate digital libraries while taking into consideration their dynamic changes librarys and all the factors affecting them? Longitudinality and flexibility in evaluation might help overcome this challenge (Marchionini, 2000).

Eighth, the final challenge is related to the diverse types of digital libraries. Digital libraries can be classified based on content, audience, formats, and sponsors, as well as languages. The challenges for building these digital libraries vary, and so do the challenges for evaluating them. For example, Diekema (2012) enumerates the challenges that multilingual digital libraries encounter: cross language barrier, data management, representation in relation to standardization of encoding schemes, development considering cultural differences, and interoperability. Albertson (2015) emphasizes the uniqueness of evaluating visual digital libraries, which demands more user–system interaction. These challenges have to be considered for digital library evaluation. Different types of digital libraries may bring distinctive challenges for digital library evaluation.
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Chapter 11

New developments and challenges
Abstract
This chapter discusses future directions of and opportunities for digital library research and development. It begins with the introduction of social media applications in digital libraries, consisting of their definitions, applications, and functions. Subsequently, the discussion of large-scale digital libraries from Chapter 1 continues, with an emphasis on the characteristics of large-scale digital libraries and the related challenges and problems. After that, the chapter delves into multilingual digital libraries as another new direction of digital library development. In particular, the need for multilingual digital libraries, user studies, and a comparison of language-searching functions in several multilingual digital libraries are explored. Finally, the challenges and problems that researchers and practitioners encounter in the development of digital libraries are discussed. Moreover, further research corresponding to each type of challenge is proposed.
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Since the emergence of digital libraries in the 1990s, the development of digital libraries has entered a new era. The new directions of digital libraries include social media applications, large-scale digital libraries, multilingual digital libraries, and digital curation. Simultaneously, researchers and practitioners face challenges and problems brought by these new developments as well as problems inherited from the initial development of digital libraries.

Social media applications and the impact on digital libraries
Definitions of social media tools
The most popularly applied social media in digital libraries include blogs, microblogs, photo sharing, podcasts, RSS feeds, and social networks, such as Facebook and Twitter. There is some cross-classification as a few social media applications have more than one function. Table 11.1 offers definitions of different types of social media presented in one of the author’s recent work (Xie and Stevenson, 2014).

Table 11.1

Definitions of Different Types of Social Media




	Types
	Definitions
	Examples





	Blogs
	Opinion or information-based web sites consisting of discrete entries or “posts”; readers can comment on and engage in ongoing discussions with the blogger and/or other readers of the blog.
	Blog



	Microblogs
	Allows users to communicate with followers by writing short messages, typically 140 characters, or sharing images or links to web pages. Content is frequently tagged by users with a hashtag, which is a method of categorizing posts across multiple users.
	Twitter, Tumblr



	Photosharing
	Online image and video hosting sites that allow users to share, comment, and connect through posted images.
	Facebook, Flickr, Pinterest, Twitter, Instagram



	Podcasts
	Multimedia digital file, typically an audio file, that is stored on the Internet and is available to download, and is similar to a radio broadcast that is available freely online.
	Podcast



	RSS feeds
	Rich Site Summary or Really Simple Syndication is a frequently updated web feed that indicates news, events, and blog entries that a user can subscribe to and follow. RSS takes current headlines from different web sites and pushes those headlines down to your computer for quick scanning.
	RSS feeds



	Social networks
	Online platform for users to connect and communicate with friends, professional associates, and others with shared backgrounds, interests, and activities.
	Facebook, Twitter, Reddit




Adapted from Xie and Stevenson (2014), Table 1. (p. 504)



Social media applications in digital libraries
The evolution of web technologies has allowed social media tools to become a part of digital libraries. Users of digital library are no longer passive receivers of information (Mitropoulos et al., 2014); now they can respond and contribute to the digital library landscape. Social media tools have been applied in libraries and digital libraries but have not been fully investigated. According to Emery and Schifeling (2015), academic libraries have a long history of adopting new technologies including social media tools. There are no specific data regarding the application of Twitter in digital libraries. We know, however, that the application of social media in digital libraries has been gradually increasing. The increased development of digital libraries has resulted in many institutions treating them as an extension of their institution, as is the case with the University of California and the California Digital Library. However, it is important for digital librarians to know their users in order to provide appropriate digital outreach services. As many institutions have already implemented social media into other facets of services, it seems natural to begin to add social media to digital library interfaces.

Digital libraries either have their own unique social media pages or use their institution’s social media pages to disseminate information to users and followers. For example, Twitter, Facebook, and social bookmarking sites were incorporated into the California Digital Library, opening more opportunities for the organization to communicate with the existing and potential user communities (Starr, 2010). Figs. 11.1 and 11.2 present examples of the applications of social media tools in digital libraries.

[image: image]Figure 11.1 California Digital Library Twitter Page



[image: image]Figure 11.2 Library of Congress Podcast Page



Researchers and practitioners have called to incorporate social media tools into libraries (Bhatt and Kumar, 2014; Cho, 2013; Paul, 2014) and digital libraries to promote communication with users (Gu and Widén-Wulff, 2011). More specifically, librarians need to find better approaches to communicate with users through social media (Gu and Widén-Wulff, 2011). It is a challenge to examine the interplay between information activities within two important spaces: the social web and the library (Kronquist-Berg, 2014). In particular, it is even more of a challenge to investigate users’ and librarians’ activities in the social web and digital libraries. Buigues-García and Giménez-Chornet (2012) identify the most implemented social media tools in libraries as Facebook, Twitter, user information services such as RSS, the publication of bulletins, and blogs. The survey results indicate that the majority prefer that libraries use social media tools to provide services to them (Bhatt and Kumar, 2014).

Schrier (2011) suggests that social media tools can promote digital collections, and recommends principles including listening, participation, transparency, policy, and strategy for digital librarians to integrate social media into a digital library development strategic plan. Griffin and Taylor (2013) assess social media’s impact on special collections and conclude that only moderate success is achieved. It seems that the incorporation of digital collections into an existing social site has more impact than introducing social media tools to digital libraries. For example, posting images to Flickr results in a 200% increase in accessing the associated digital collection (Michel and Tzoc, 2010). In another study, the results show that objects from digital collections uploaded to Historypin are accessed three times more than on their original platform. Interestingly, not all collections are the same in terms of their access. One of the six collections tested uncover more access in its library web site than in Historypin. It is determined that the nature of the collection contributes to the difference. Another revealing finding is that Historypin and Pinterest direct only less than 1% of the traffic back to the original digital library sites (Baggett and Gibbs, 2014).

In one of the author’s own studies, Xie and Stevenson (2014) explored social media application in digital libraries. In order to represent a variety of digital libraries developed or sponsored by different types of organizations, 10 institutions were selected from the following cultural institutional types for inclusion in the study: public libraries, academic libraries, museums, government agencies, and international organizations. Each institution’s digital library has its own social media application, and these social media applications are well maintained and updated. Among all the social media tools, Facebook and Twitter are the most heavily utilized in these institutions overall, whereas blogs and Flickr are the most popular choices to convey or promote digital library–related information. While eight of the ten institutions use blogs to communicate digital library information, the Denver Public Library’s Digital Library is the only one offering a digital library–specific blog, entitled “Western History and Genealogy.”

Furthermore, in the same study, Xie and Stevenson (2014) find that while social media tools are mostly available on the institution homepage, users can also engage in social media activities on the digital library’s collection level specifically in about 50% of the selected institutions. Because few institutions have dedicated social media tools for digital libraries, it is difficult to identify the patterns or frequency of updates for these tools. The interaction between librarians and users is the key to applying social media to digital libraries; in the study, different levels of interactions were observed, including very strong, strong, and weak.

Functions of social media in digital libraries
Previous research suggests that the inclusion of social media within a digital library brings benefits to users’ utilization of digital libraries. According to McDonnell and Shiri (2011), integration of social media into a digital library leads to more successful search results because users are more comfortable using the digital library. Paul (2014) recommends three activities that library and information services can engage in to take advantage of social media tools: information communication, knowledge organization, and knowledge distribution. These functions are echoed by the author’s own study results. The findings of Xie and Stevenson’s study (2014) show that providing information, marketing/promotion, peer-to-peer connections, and information sharing are the main functions that social media plays in a digital library environment. All institutions in the study use social media, in particular Facebook and Twitter, to convey information related to their library or digital library activities or status, such as when digital library maintenance is scheduled. Many institutions employ social media as marketing/promotion tools to promote their upcoming digital collections and events. Some institutions actively engage their user group on Flickr by asking users to unveil the mystery of a specific image. Facebook and Twitter are the two most popular tools for peer-to-peer connections between librarians/institutions and users as well as between the users themselves. The results indicate that the item level of the digital collection allows the best opportunity for connection between the digital library and users through social media. Information sharing occurs when institutions link their digital collections with other digital or physical collections through different social media tools. Blogs, Facebook, Twitter, Flickr, RSS feeds, and YouTube are the most common tools to share information with users.

The main function of social media, as used by libraries, is the promotion of collections and services. Khan and Bhatti (2012) conducted a study that explored how different types of social media applications could be utilized to market library services; they conclude that social media tools such as Facebook, wikis, LinkedIn, blogs, and YouTube are considered positive for the promotion of library services. However, it should be noted that the findings of this study are based on perspectives from librarians and library and information science school academics. It is equally important to survey users in order to make decisions regarding the selection of social media applications for libraries and digital libraries. Taranto (2009) notices that the integration of social media has become part of library outreach programs. Twitter is deemed an effective tool to attract new audiences to the California Digital Library (Calisphere), as well as to promote its collections (Starr, 2010). However, very little research has been conducted to investigate the functions of social media in digital libraries.

In another of the author’s research projects (Xie and Stevenson, 2015, unpublished data), 15,713 tweets were analyzed from the Twitter pages of 15 digital libraries. The number of tweets per digital library varied from 18 to 1272. The number of followers for each of these Twitter accounts ranges between 92 and 9138, and they had a following range of 37–2088. Five types of functions were identified from the data: information, promotion, related sources, social connection, and social identity; each type has its own subcategories. The functions that social media plays with respect to digital libraries based on the gathered Twitter data are the following:
• Information

• information-digital library

• information-digital library-problem

• information-digital library-reference question

• information-digital library-staff

• information-institutional

• Promotion

• promotion-digital library-collection

• promotion-digital library-connection

• promotion-digital library-event

• Related resources

• related resources-digital library

• related resources-institutional

• Social connection

• social connection-digital library-interaction

• Social identity

• social identity-digital library-collection

• social identity-digital library-institutional

• social identity-digital library-interaction

• social identity-digital library-social media

The data reveal that the majority of tweets focus on offering information rather than on interaction. Since social media tools are created to facilitate interactions, the use of social media in digital libraries has therefore not reached its full potential. More research is needed to identify the reasons for this phenomenon in an effort to better understand how to promote interaction in the application of social media in digital libraries.

Social media has inherent problems that have been recognized by researchers in the LIS field including information divides, digital divides, information overload, and poor information literacy skills. Moreover, challenges exist related to the dynamic nature of the information presented in social media and how to organize social media information that is by nature disorganized (Bawden and Robinson, 2009; Kronquist-Berg, 2014; Serantes, 2009). Most important, social media application in digital libraries is just at its infancy. The return on investment is not yet evident, and there is an urgent need to promote user engagement. Providing prompt responses to user interactions and providing relevant information are the keys to engaging users (Lamont and Nielsen, 2015; Webb and Laing, 2015).

Large-scale digital libraries
Characteristics of large-scale digital libraries
The development of large-scale digital libraries is rooted in years of research. Early digital library concepts emerged from visionary thinkers in the 1930s and 1940s (Bush, 1945; Wells, 1938) even before the birth of modern computers. The first digital libraries began to take shape in the 1990s, funded by several agencies of the US government (Griffin, 2005), with projects developing metadata standards, architectures, and digitization best practices. One of the earliest large-scale digital libraries, the American Memory Project, is an extension of the largest physical library in the world—the Library of Congress. The project focuses on American history and culture and includes digitized copies of original primary sources. The project lays the groundwork for future large-scale digital libraries. “While many of these large-scale digital libraries have been created for the general public, some serve more specific audiences of scholars and educators in different disciplines or domains” (Zavalina and Vassilieva, 2014).

More recent large-scale digital libraries have several characteristics in common. Most obvious is that they incorporate large collections. American Memory was considered a large project when it was created and contained more than 135 collections. HathiTrust, a more recent large-scale digital library, contains 13,000,000 volumes with 4.5 billion pages of text (Hinze et al., 2015). Another feature common to large-scale digital libraries is that many organizations must collaborate in support of the project; a single institution cannot do it alone. HathiTrust, Smithsonian Institute, National Archives and Records Administration, New York Public Library, etc. are the partners of the Digital Public Library of America (DPLA). It is worth noting that the open invitation to join enables DPLA to build its own contributor community (Vandegrift, 2013). The need to integrate a variety of metadata is also a common aspect of large-scale digital libraries. It is imperative for large-scale digital libraries involving multiple partners to find ways to allow their resources—particularly the metadata associated with the digital resources—to be combined together into a unified collection. One of the core operational services is creating a central metadata repository to organize collection items in the National Science Digital Library (NSDL). The NSDL architecture consists of a common core metadata vocabulary, core metadata with different domain specific metadata, and harvesting of the metadata and its use (Lagoze and Van de Sompel, 2001; Zia, 2001). At the same time, based on a user study of potential user groups of the HathiTrust Digital Library (Fenlon et al., 2014), metadata enrichment that advances the traditional bibliographic record is highly needed. It includes incorporating scholar-enriched metadata, tracking the origin of enriched metadata, and enabling interoperability of metadata across different domains.

A final characteristic of many large-scale digital libraries is the need for multilingual support. Europeana was created as Europe’s digital library with 4.5 million digital items drawn from every member of the European Commission (Purday, 2009). Understandably, it is vital that projects such as this embrace and support multiple languages. Thus, common functions of large-scale digital libraries must include the assimilation of objects and metadata schemas from multiple contributing partners, often with diverse languages, into cohesive large collections.

Challenges and problems
Large-scale digital libraries can offer users access to a wealth of high-quality resources, but they also face challenges. Although successful, HathiTrust presents an example of the challenge of copyright issues facing many large-scale digital libraries. Due to legal restrictions, the collection is not always able to provide access to the desired content. Another challenge associated with HathiTrust and other large-scale digital libraries is that it is not easy for users to find relevant and useful documents from large-scale digital libraries, which apply traditional lexically based retrieval techniques. A semantic search approach is suggested to overcome the lexical search approach (Hinze et al., 2015). The DPLA is a large-scale digital library functioning as a portal, aggregating digital resources from disparate collections; it exemplifies another challenge facing large-scale digital libraries: sustainability. Initially funded by a private foundation as well as the National Endowment for the Humanities, funding is limited, and the project will eventually have to seek further options to sustain itself. A fourth challenge of large-scale digital libraries can be found in Europeana. Considering that this digital library has digital objects from 1000 collections throughout Europe (Purday, 2009), it is evident that integrating metadata schemas from a variety of institutions is difficult. Although large-scale digital libraries have come a long way from the imagination of futurist thinkers, issues regarding copyright, search functions, sustainability, and metadata interoperability still require more thought, more attention, and more research. The last but not the least significant challenge is that users apply different information-searching strategies in the large-scale digital libraries, in particular in distinct domain areas. However, there has been no systematic investigation of information searching in domain-specific large-scale digital libraries. The comparison of user searching in NSDL and Opening History (OH) shows that the domain and interface design both contribute to the differences in searching in different domain-specific large-scale digital libraries. From a domain perspective, concepts and objects are the most frequently searched queries in NSDL whereas place, person, corporate body, ethnic group, event, and class of persons are the most common queries in OH. This suggests that different-faceted searches are required for different domains. From an interface design perspective, a digital library with more advanced options attracts more users to engage in more sophisticated searches. There is hence a need for creating advanced search options in large-scale digital libraries (Zavalina and Vassilieva, 2014).

Multilingual digital libraries
The need for multilingual digital libraries
Researchers have agreed that the internationalization of the user interface is important (Agosti et al., 2009a). Multilingual digital libraries offer valuable information resources for diverse user groups that speak different languages. They further reinforce individual cultures, promoting diversity and improving a global information infrastructure (Budzise-Weaver et al., 2012; Nichols et al., 2005). There is a rapid growth in research on multilingual digital libraries “since the need to support retrieval across languages becomes even more urgent given the increasing interaction between different cultures” (Vassilakaki and Garoufallou, 2013). Relevant literature can be classified into two areas: the “system oriented” and the “users oriented.” System-oriented research focuses on offering solutions for effective multilingual information retrieval from a technical perspective, whereas users-oriented research concentrates on examining users’ behaviors and expectations in interacting with multilingual digital libraries (Vassilakaki and Garoufallou, 2013).

Language is an essential part of a user’s cultural identity. According to Gäde (2014), two steps are essential for the creation of multilingual user interfaces: internalization and localization. First, with respect to internationalization, flexible source code is needed to satisfy linguistic or culture-specific requirements. Second, regarding localization, the customization of date formats, symbols, icons, and other culture-specific elements needs to be done for each supported language. Some of these customizations are language and culture dependent such as date formats. Large and Moukdad (2000) bring to light the challenge for languages that use non-Roman script. Adoption of multiple language interfaces is the key for multilingualism in digital libraries. Two typical solutions involve an active interface language and passive interface language change options. An active interface language option allows users to change the interface language via drop-down menus, and a passive interface language option automatically chooses users’ languages based on their data, such as IP address and language settings (Gäde, 2014). Focusing on the strategies of building multilingual digital libraries, Budzise-Weaver et al. (2012) conducted a case study of American multilingual digital libraries. They found that collaboration and crowdsourcing were the most important strategies for creating multilingual digital libraries.

After surveying 358 subjects from 19 different countries, Wu et al. (2012) report their findings on multilingual services, multilingual search functions, and interfaces. Their findings indicate the need for the following multilingual services: translation functions for terminologies, having materials organized by subjects, search functions for multilingual information, and full text translation. Specific to multilingual functions and interfaces, the most desirable capabilities are translations for less commonly used languages, organizing search results by languages, search interfaces for multilingual information, having a multilingual translation toolbar, and offering multilingual translation dictionaries. User needs and expectations for multilingual access features are affected by the user’s own language; in particular, non-English users experienced strong multilingual needs for multilingual information access. According to Petrelli et al. (2002), search assistance and interactive information retrieval functions are even more important when users have to deal with content in multiple languages. Performing various tasks using an interactive multilingual prototype, study participants expressed the need to choose the language they wanted to conduct a search in based on the individual’s skills and the information-seeking task. Based on their findings, the authors suggest that user-assisted query translation should be offered as an advanced search option if the initial query translation fails or does not satisfy the user’s information need. A survey focusing on multilingual access to Europeana found that the majority of users (80%) were willing to control the query translation process themselves (Agosti et al., 2009b).

Multilingual digital libraries: user studies
User studies are essential for the development and enhancement of multilingual digital libraries. Multilingual digital libraries need to investigate their target users’ needs and preferences. Bilal and Bachir (2007b) point out that lack of language skills is one of the contributing reasons that Arabic-speaking children do not recognize the representations embedded in the interfaces of the International Children’s Digital Library (ICDL). Arabic-speaking children have search behaviors in ICDL unique to that demographic. As expected, and highlighting the importance of a multilingual interface, they clicked on “Arabic” from the pull-down menu to browse Arabic books. Intuitive design across different cultures and backgrounds is essential for the development of multilingual digital libraries (Bilal and Bachir, 2007a,b).

Agosti and her associates (2009a) performed user studies on the use of Europeana utilizing user surveys on multilingual information access. Browsing and searching were the main activities for users to interact with multilingual content. While 88% of the users at least sometimes browsed multilingual content, 84% of them at least sometimes searched for multilingual content. It seems that participants of the study show different preferences in interacting with query formulation and expansion functions. More than half of them (52%) never or seldom specified their desired language for the results. The majority of them wanted to have the results displayed in multiple target languages. Another interesting finding is that 80% of them preferred to interact with the query translation process and to iteratively refine it. Preferences of the study participants were equally distributed among the following ways of presenting multilingual results: in relevance order with results in different languages, organized by languages and then relevance, and highlighting results in different languages in different colors. The complexity of the user interface may contribute to user preferences in regard to language; 44% of participants indicated they did not like or were unsure about the multilingual results filtering function. Only 28% of them showed an interest in having a multilingual results translation function, mainly because of the advanced language skills of the participants. The majority of the participants preferred a multilingual user interface in their native language. Interestingly, the majority of them also liked to switch the user interface into their native language manually rather than have it automatically switched by the system. In another user study of the European Library Web portal, Agosti et al. (2010) found that switching the interface language automatically does not assist users in navigating the web portal, with poor translation quality further contributing to the problem. Marlow et al. (2008) explored users’ needs and the design implications for the Multimatch Project, which offers multilingual/multimedia access to cultural heritage artifacts on the web. Automatic query translation was found to be the option for users conducting searches in unknown languages. Thesauri could be used to cover variations of words across languages. Users also needed assistance in browsing documents in foreign languages, the solution for which is to provide an interface that automatically translates summaries and/or documents into alternate languages.

Keegan and Cunningham (2005) examined 4 weeks of usage logs from the New Zealand Digital Library (NZDL) while switching the default language settings between English and Maori every week. They found that users performed more searches during the English weeks. During the Maori weeks, 74% of the users changed the language setting back to English. Moreover, users exhibited different searching and browsing behaviors during the English weeks in contrast to the Maori weeks. Users in Maori sessions preferred browsing, whereas users in English sessions were more likely to search. In a different setting, Gäde and Petras (2014) analyzed usage log data of the Europeana digital library. They discovered that the majority of users selected their native language in their browser (69%) and when using Google (91%), but only 31% of them selected their native language in Europeana. It suggests that users of Europeana accept the default English version, which contradicts the results regarding their language selection behavior with Google and browsers. The proposed explanation is that users do not change the language in Europeana because it requires greater effort, infrequent use of the system, a perceived lack of benefit, or lack of comprehension of the default language. Further analysis of query language, usage of language facets, and language of viewed objects can shed more light on the issue.

Multilingual digital library language search functions
A survey was conducted by the authors to examine the functions associated with language of several key multilingual digital libraries including Europeana, European Library, International Children’s Digital Library, Meeting of Frontiers, The Perseus Digital Library, and Project Gutenberg. Table 11.2 presents these digital libraries, their sponsors, content coverage, targeted audience, default language, and types of language-selection functions. The number of available languages is presented in parentheses immediately following each language function. The results show that users can set the language to search or browse using one of three main approaches: (1) select a language option from the main page (or sometimes any page) of a digital library; (2) select a language option from advanced search options; (3) select a language option when they refine their searches.

Table 11.2

Multilingual Digital Libraries and Their Search Functions




	Name
	Sponsors
	Coverage
	Targeted Audience
	Default Language
	Language Selection Functions





	Europeana
	Cofunded by the European Union—museums, archives, libraries, etc.
	Cultural heritage—books and manuscripts, photos and paintings, television and film, sculpture and crafts, diaries and maps, sheet music, recordings, drawings, newspapers, letters, and newsreels
	General
	English
	Drop-down menu (web page—any pages including main page) (30)
Search: refine by language (30)
Translate into (52) any web page




	European Library
	CENL (The Conference of European National Librarians), LIBER (Ligue des Bibliothèques Européennes de Recherche—Association of European Research Libraries) and CERL (Consortium of European Research Libraries)
	Digital items and bibliographic records: humanities, social sciences, natural sciences and mathematics, biomedical sciences, and technological sciences



	Research community worldwide
	English
	Drop-down menu (web page—any pages including main page) (36)
Search: refine by language (45)
Advanced: refine by language (400+)
36 (any web pages)




	International Children’s Digital Library
	International Children’s Digital Library Foundation
National Science Foundation (NSF) and the Institute for Museum and Library Services (IMLS), a collaborative project between the University of Maryland and the Internet Archive

	Books: a collection of books that represents outstanding historical and contemporary books from the world
	Children
	English
	Main page (5), search by language link
Search: refine by language and location (20)
Book search by language and advanced search (79)
Keyword search (79)
Book summary depends on available language (drop-down menu)




	Meeting of Frontiers
	US and Russian libraries: The Library of Congress, Russian State Library (RSL), etc.
	Manuscripts, maps, films, photographs, sound recordings, printed material, and sheet music
	For use in US and Russian schools and libraries and by the general public in both countries
	Both support (2)
English and Russian

	Web page (2)
Russian is not supported in search page




	The Perseus Digital Library
	Annenberg/CPB Projects, Digital Library Initiative, etc.
	Mainly the history, literature, and culture of the Greco-Roman world and other disciplines
	Not specified
	English
	Language support depends on works
Search by language (6)
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The number of available languages are presented in parentheses immediately following each language function.



Oard (1997) points out that challenges for multilingual digital library development focus on query formulation and document selection. Another challenge is the delivery of high-quality documents selected by users. Moreover, he raises many of the nontechnical issues with digital libraries related to the diverse needs of users and the social impact and availability of technology. Recently, upon reviewing the relevant literature on multilingualism in digital library, Diekema (2012) identifies several following challenges that multilingual digital libraries face:
• Cross-language barrier: the key for multilingual digital libraries is to enable users to search across different languages. The first challenge is the availability of digital information objects in various languages.

• Data management: this challenge is associated with translating metadata, instructions, and the interface in a way that makes sense to users. Internationalization and localization are the key. Indexing multilingual documents and using OCR documents are the related challenges.

• Representation: this challenge corresponds to the selection and standardization of encoding schemes and the fact that not all languages are included in encoding schemes.

• Development: the challenge here is to create international software by considering subtle and sensitive cultural differences. Cross-cultural collaboration is the solution. Another challenge is related to representing cultural materials to ensure accuracy of the information.

• Interoperability: this challenge is to build a system architecture and data-sharing method that allow digital libraries to translate one query into all of the applicable languages and present relevant items from all of the languages represented in the digital library.

For interoperability, digital libraries must be able to establish common strategies, data models, processes, and structures in order to build and support multilingual collections (Vassilakaki and Garoufallou, 2013). After analyzing four multilingual digital libraries, Budzise-Weaver et al. (2012) conclude that machine translation and cross-language information retrieval techniques have not been applied and implemented into the development of digital libraries. While some information scientists focus on system-side technical challenges of digital libraries such as automatic translation, other researchers believe the challenge for multilingual digital library research is largely associated with their users and the countries and cultures they represent. Clough and Eleta (2012) emphasize the importance of understanding users, their profiles, and the context of digital library use in order to effectively design multilingual digital libraries. Gäde (2014) focuses on several issues regarding user studies of multilingual digital libraries, including small sample sizes on the basis of the target population and recruiting users who speak different languages. Very few studies analyze digital library usage data from the perspective of users from different countries with different languages. Most important, Vassilakaki and Garoufallou (2013) stress the need for user studies to generate tangible and usable findings that can apply to the enhancement of the user interface design for multilingual digital libraries.

Digital/data curation
Digital/data curation definitions
Digital libraries not only contain digital objects but also digital data. Digital data curation is a new area for digital library researchers and practitioners to explore. According to Walters (2009), digital libraries and archives set the foundation for digital curation and associated programs. Citing the DELOS Digital Library Reference Model Foundations for Digital Libraries, Chowdhury (2010) identifies the shifts in the field of digital libraries as signified by moving from a content-centric to a person-centric system and focusing on communication, collaboration, and interaction instead of just accessing information in the digital library. Weber et al. (2012) point out that “digital research data have introduced a new set of collection, preservation, and service demands into the tradition of digital librarianship” (p. 305). Digital curation is a collaborative activity starting with research planning and ending with data reuse.

According to the Digital Curation Center (DCC) (n.d.), “digital curation is maintaining and adding value to a trusted body of digital research data for current and future use; it encompasses the active management of data throughout the research lifecycle.” Lord and Macdonald (2003) define digital curation as “the activity of managing and promoting the use of data from its point of creation, to ensure it is fit for contemporary purpose, and available for discovery and re-use. For dynamic datasets this may mean continuous enrichment or updating to keep it fit for purpose. Higher levels of curation will also involve maintaining links with annotation and with other published materials” (p.12). Data curation is a comparatively older concept; however, in many contexts, “data” and “digital objects” are treated the same. Therefore, digital curation and data curation have been considered as synonyms in recent publications (Ball, 2010; Giaretta, 2007). Digital curation is an interdisciplinary field, embracing archival, information, library, and computer science (Dobreva and Duff, 2015).

Digital/data curation process and issues
The lifecycle of data curation has been the focus of research. (Cervone, 2010; Higgins, 2009, 2011; Lynch 2008). Yakel (2007) further highlights the key areas of data curation: the lifecycle of data from record creation; the involvement of records creators and digital curators; the appraisal and selection of materials; access development and provision; and ensuring preservation, usability, and accessibility of the objects. In addition to the above areas, Ramírez (2011) also emphasizes the importance of creating metadata for descriptions, proving the authenticity and reliability of the data, and complying with data requirement standards. Citing other researchers’ works (Brandt, 2007; Macdonald and Martinez-Uribe, 2010), Harris-Pierce and Quan Liu (2012) identify several issues in data curation: storage capacity, data sharing, data description and organization, confidentiality, intellectual property rights, complexity, and developing new approaches to managing data.

Walters (2009) proposes a model for data curation program development in a university setting. The four main components of the model consist of: (1) the assessment of how faculty create, store, manage, share, and use data; (2) the selection, design, and development of the technology platforms to support lifecycle process of data; (3) the selection and creation of service models addressing methods of importing large data sets, metadata creation, cost model for data storage use and reuse, as well as data transfer; and (4) the development of data curation policy. The Curation Lifecycle Model as proposed by the DCC is shown in Fig. 11.3. Digital data, consisting of digital objects and databases, are at the center of the model. The full lifecycle of the digital curation includes the following four levels:
• Description and representation information: create appropriate and standard metadata to ensure data can be used and reused

• Preservation planning: plan for preservation through the digital curation lifecycle

• Community watch and participation: monitor community data and engage in the development of standards, tools, and software

• Curate and preserve: pursue planned management and administrative actions

[image: image]Figure 11.3 DCC Curation Lifecycle Model
(http://www.dcc.ac.uk/resources/curation-lifecycle-model)



On the basis of a comprehensive literature review, Poole (2015) discovers that sharing data, open access, and the reuse of science data are the key issues in research on digital curation. Not all scholars are willing to share. For researchers who see the benefits of sharing data, only a minority of them actually do, because of various reasons including standards, time, intellectual property, potentially revealing errors, and funding (Borgman, 2010; Scaramozzino et al., 2012; Schofield et al., 2009; Tenopir et al., 2011). After conducting focus groups with faculty and other researchers, McLure et al. (2014) reveal the needs of researchers in relation to data curation. There is a definite need for data curation as researchers are involved in data collection, especially as their file sizes increase moving into the future. They consider the key stages in accomplishing projects as the planning, creating, producing and transferring stages. For library support, they expect to have opportunities for training regarding data management, but most importantly, they would like to have a central system that collects, stores, and disseminates data for them. Peer and Green (2012) report how an open data repository, including experimental data, metadata, and files, is created for a specific research community. The feedback from the community shows the success of the repository, which enables researchers to play out their data management plan as part of the study. Alerts regarding newly available data promote further research on this subject.

Ball (2010) summarizes a variety of standards and tools for data curation. For example, the following are used for the preservation of metadata:
• The PREMIS Data Dictionary containing five entities: intellectual entities, objects, events, agents, and rights

• The Complex Archive Ingest for Repository Objects (the CAIRO Project)

• Investigating Significant Properties of Electronic Content over Time (InSPECT)

• The Data Documentation Initiative (DDI): focusing on the social science data standard

• The MOLES metadata profile with five entities: deployment, activity, production tool, data, and data granule

• The Scientific Metadata Model (SMDM) with several associated models

• Dublin Core Application Profiles (DCAP) with five components: functional requirements, domain model, description set profile, usage guidelines, and encoding syntax guidelines

• Software preservation project: examining the cost and benefits for software repositories

There is an increasing recognition of the importance of research data management. Survey data from UK universities indicate that limited research on data management has taken place in libraries, especially in research institutions. The top priorities are offering research management advisory and training services. The majority of respondents state that their libraries have engaged in their institution’s research data management policy development (Cox and Pinfield, 2014). Analysis of job advertisements for digital curation highlights the following top five required knowledge and skills: familiarity with working in an information technology–intensive environment, knowledge of standards and specifications, proficiency with tools and applications, project management, and functional skills for curation. At the same time, seven types of responsibilities are also identified: curation activities, training and consultation, project management, professional and research activities, other library duties, policy and procedures, and outreach and advocacy (Kim et al., 2013). Data curation not only covers research data but also the institution’s historical data. Collaboration, in particular involving the library as a partner, is required to be successful in digital curation (Latham and Poe, 2012).

Challenges and problems
Challenges can be associated with different aspects and perspectives on digital curation. The Cornell University Library (CUL) Data Working Group (DaWG) (2008) raises challenges from organizations’ perspectives: financial sustainability, appraisal and selection, digital preservation, intellectual property, confidentiality and privacy, and participation by data owners. Harris-Pierce and Quan Liu (2012) discover that there is a gap in LIS education on data curation. The LIS curriculum is not able to keep pace with the need for information professionals who are able to manage data curation. In addition, standardizing course objectives and learning outcomes is essential for adequate data curation education. Peer and Green (2012) specify the following challenges in creating an open data repository: policy, technology, sustainability, extensibility and scalability, and interoperability. In surveying current activities, Cox and Pinfield (2014) discover that respondents believe that library staff do not have adequate skills needed for research data management and that resources and funding issues are additional challenges for digital curation.

Generated from the two data curation summits, Weber et al. (2012) propose that future research on data curation should focus on different approaches of educational training, interoperability issues between publishing workflow and academic research data archiving, and finding a commonly agreed upon vocabulary. On the basis of a review of the literature, Poole (2015) effectively summarizes the challenges and future research on digital curation as follows:
• Sustainability: the challenges are connected to the technical, social and economic infrastructure, funding models, plans, and policies.

• Costing: the challenges correspond to costs required for the lifecycle of the data and metrics for the cost model.

• Planning and policy: the challenges focus on the development of local, national, and international policies, in particular policies on legal issues.

• Training and education: the challenges concentrate on the role of library and information science, a balanced curriculum, and training for researchers and professionals.

• Researcher practice: the challenges are relevant to the understanding of the data practices of researchers in different domains.

• Raising awareness: the challenges are in regard to the awareness of data sharing, data reuse, and advocating for the significance of digital curation.

Most important, digital curation is a complicated activity mainly because of the increasing complexity of digital objects and the evolution of the contexts of using these objects (Dobreva and Duff, 2015).

Challenges and problems of digital libraries
Despite the successful development of digital libraries and extensive research on different aspects of digital libraries, researchers and practitioners still face a variety of challenges and problems. The following is a summary of critical issues digital libraries face, including the key challenges as well as associated research questions for future study.
• Diverse user needs and information behaviors: children, students, elderly, and disabled users differ in domain knowledge, system knowledge, information-retrieval knowledge, interaction styles, and physical and cognitive development. In particular, people with disabilities encounter physical, cognitive, and affective challenges when interacting with multimedia materials in digital libraries. In addition, multilingual digital libraries are essential for global access. Related questions for further research include the following:

• How can we design digital libraries to support diverse user needs and user behaviors?

• How can digital libraries best be designed to support people with disabilities?

• What are the preferred features for multilingual digital library searching and browsing?

• Can one-size-fits-all digital libraries be developed?

• The gap between research and practice: it is important to promote the communication between research and practice. Practice benefits from research outcomes, while at the same time, research also needs to investigate issues that are relevant to practitioners. Related questions for further research include the following:

• How to facilitate communication between researchers and practitioners?

• How to promote collaboration between researchers and practitioners?

• How to promote the application of digital library research into practice?

• Interoperability, standards, and aggregation of digital libraries: major efforts have been undertaken to aggregate content from individual digital libraries and to provide portals for global searching and retrieval. A lack of interoperability and standards associated with data conversion, metadata, interface design, etc. has been recognized as a critical problem and a fundamental challenge since the early days of digital library development, arising from the fact that digital libraries are designed and developed by different organizations. It is not only a technical challenge but also a source of user frustration. Related questions for further research include the following:

• What are the key issues of interoperability in creating large-scale digital libraries?

• What are the standards critical to the development of digital libraries?

• How to ensure interoperability and the application of standards among digital libraries?

• Ensure sustainability: digital library sustainability is a complicated topic with related issues ranging from the longevity of digital information—including the stability of digital formats and storage medium and flexibility to incorporate new items—to funding for digital libraries. Related questions for further research include the following:

• How to ensure the stability of digital formats and storage media and solve associated obsolescence issues?

• How to ensure a digital library has the flexibility to add new digital objects after its initial development?

• How to ensure the funding for digital libraries after the initial development?

• Copyright protection and fair use: copyright is an ongoing concern for digital library developers and users. The concept of fair use must be fully considered in the development of digital libraries while do not overstep and infringe on copyright. There is no clear and comprehensive guidance on copyright and fair use in digital libraries. Related questions for further research include the following:

• What are the main concerns of copyright issues in digital library development?

• What are the best approaches to provide clear copyright information?

• What are the best solutions to solve copyright problems in digital libraries?

• What are the challenges in protecting copyright in global digital library environments and at the same time support fair use?

• Complexity of digital library evaluation: the dynamic and complicated nature of digital libraries greatly impacts the complexity of digital library evaluation including evaluation dimensions, evaluation criteria, and measurements. Different stakeholders of digital libraries have diverse perceptions in terms of the importance of digital library evaluation criteria. Related questions for further research include:

• What are the main components of digital library evaluation models/framework?

• What are the key digital library evaluation dimensions, criteria, and associated measurements?

• How can digital library evaluation criteria and measurements be matched with diverse evaluation objectives or purposes?

• How to apply both qualitative and quantitative approaches to evaluate digital libraries?

• What are the similarities and differences in evaluation criteria and measurements from digital library researchers, designers, and users?

• New web technologies applied to digital libraries: various social media tools have been applied to promote the use of digital libraries. However, the use of social media in digital libraries has not reached its full potential to enhance interactivity between librarians and their users. The dynamic, ephemeral nature of the information provided through social media also poses a challenge. As new technologies emerge, it is important to consider how they might be applied to digital libraries, as well as their corresponding benefits and problems. Related questions for further research include the following:

• How to promote interactions between librarians and users of digital libraries?

• How to organize and manage the dynamic information created and distributed through social media?

• How to deal with the inherent problems of social media in relation to digital divides, information overload, and poor information literacy skills?

• What is the role of linked data in making digital library resources visible and discoverable on the open web?

• What are the new developments in technologies that can be applied to digital libraries, and what are their benefits and problems?

• Mobility of digital libraries: a trend of digital library use is its mobile access. Page views in Europeana from personal mobile devices increased at a rate four times higher than that of office devices between 2010 and 2011 (Nicholas et al., 2013). Mitropoulos et al. (2014) also confirm that mobile access to digital libraries increases along with the rise in the use of mobile phones. This trend of mobile access suggests the overall trend for future digital library use. As such, it has significant impact on digital library interface design. Related questions for further research include the following:

• What are the unique behaviors of mobile users in their interactions with digital libraries?

• How to design digital library interfaces to facilitate the use of different mobile devices and different browsers to effectively interact with digital libraries?
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Appendix A

Digitization guides, standards, and best practices
Association for Library Collections & Technical Services (ALCTS). (2013): Minimum Digitization Capture Recommendations (http://www.ala.org/alcts/resources/preserv/minimum-digitization-capture-recommendations)

Creator: The Association for Library Collections & Technical Services Preservation and Reformatting Section

Date released: June 2013

Intended for libraries, these digitization recommendations focus on technical specifications for both static and time-based media. Although preservation is not addressed, it is suggested that following these guidelines will prevent the need for re-digitization. File naming, metadata, and storage are also covered.

Federal Agencies Digitization Guidelines Initiative (FADGI). (2010): The Technical Guidelines for Digitizing Cultural Heritage Materials: Creation of Raster Image Master Files (http://www.digitizationguidelines.gov/guidelines/FADGI_Still_Image-Tech_Guidelines_2010-08-24.pdf)
Creator: Federal Agencies Digitization Initiative (FADGI) – Still Image Working Group

Date released: 2009, Revised August 2010

Meant for those working with still images, these guidelines outline best practices for digitization of cultural heritage materials. The document focuses on the creation of digital raster (master) files to allow for online access and hard copy reproduction and may not be appropriate for preservation efforts. Image capture, color encoding, digital image performance, workflows, metadata, file formats, file naming, storage, and quality management are addressed.

A Framework of Guidance for Building Good Digital Collections. 3rd Edition (2007): NISO Framework Advisory Group (http://www.niso.org/publications/rp/framework3.pdf)
Creator: National Information Standards Organization (NISO) Framework Working Group

Date released: December 2007 (3rd edition)

Meant for cultural heritage and funding organizations, this framework reviews the creation of digital collections, identifies resources that support the creation of local digitization practices, and encourages community involvement in the development of digitization best practices. Principles and resources related to collections, objects, metadata, and initiatives are addressed.

The NINCH Guide to Good Practice in the Digital Representation and Management of Cultural Heritage Materials. (2002): The National Initiative for a Networked Cultural Heritage (NINCH) (http://www.nyu.edu/its/humanities/ninchguide/)
Creators: Humanities Advanced Technology and Information Institute (HATII), University of Glasgow, National Initiative for a Networked Cultural Heritage (NINCH)

Date released: October 2002

With the aim of illustrating the importance of adopting good practice, this guide presents recommendations for digital representation and management of cultural heritage materials. Meant for a variety of audiences, it covers project planning, selection of materials, rights management, digitization, text encoding, image capture and management, audio/video capture and management, quality control and assurance, distribution, sustainability, assessment, digital asset management, preservation, equipment, metadata, and sampling. Includes helpful checklists and other resources.

Institutional guidelines
BCR: Bibliographical Center for Research (2008). BCR’s CDP Digital Imaging Best Practices. (2008): updated version of Western States Digital Imaging Best Practices (http://mwdl.org/docs/digital-imaging-bp_2.0.pdf)
Creator: Bibliographical Center for Research’s Collaborative Digitization Program Digital Imaging Best Practices Working Group

Date released: June 2008 (2nd version)

Intended for libraries and cultural heritage organizations in the western United States, this document presents best practices for digital imaging of text, photographs, maps, and graphic materials. General principles, digitization, hardware, software, workspace, quality control, description/metadata, and storage are addressed. This document is not meant for those working with audio, video, moving images, oversized materials, bound materials, or materials with nonstandard formats or sizes.

California Digital Library (CDL). (2011): CDL Guidelines for Digital Images. Version 2.0 (http://www.cdlib.org/services/access_publishing/dsc/contribute/docs/cdl_gdi_v2.pdf)
Creator: California Digital Library (CDL) Digital Object Working Group

Date released: January 2011 (2nd version)

Meant for institutions working with CDL, these guidelines address the preparation of digital master image files for reprocessing. File formats, compression, watermarking, cameras, and thumbnails are outlined, though the document does not cover resolution, pixel array, bit depth, workflow, or quality control. Preservation is not explicitly addressed.

CARLI: Consortium of Academic and Research Libraries in Illinois. (2009; 2013): CARLI Guidelines for the Creation of Digital Collections: Digitization Best Practices for Images (http://www.carli.illinois.edu/sites/files/digital_collections/documentation/guidelines_for_images.pdf)
Creator: Consortium of Academic and Research Libraries in Illinois (CARLI) Digital Collection Users’ Group (DCUG)

Date released: March 2013

This document describes best practices for the digitization of images, or two-dimensional, non-textual materials such as photographs, maps, and paintings. Recommendations for image quality, file formats, storage, access, monitor calibration, and technical metadata are included.

CARLI: Consortium of Academic and Research Libraries in Illinois. (2009; 2013): CARLI Guidelines for the Creation of Digital Collections: Digitization Best Practices for Text (http://www.carli.illinois.edu/sites/files/digital_collections/documentation/guidelines_for_text.pdf)
Creator: Consortium of Academic and Research Libraries in Illinois (CARLI) Digital Collection Users’ Group (DCUG)

Date released: March 2013

These guidelines address best practices for digitizing text, including image quality, file formats, OCR, text encoding, storage, and access. Intended for libraries, it outlines digital imaging, scanning, derivative and access images, file naming, machine-readable text, software, transcription, digital object creation, and more.

CARLI: Consortium of Academic and Research Libraries in Illinois. (2009; revised 2013): CARLI Guidelines for the Creation of Digital Collections: Digitization Best Practices for Audio (http://www.carli.illinois.edu/sites/files/digital_collections/documentation/guidelines_for_audio.pdf)
Creator: Consortium of Academic and Research Libraries in Illinois (CARLI) Digital Collection Users’ Group (DCUG)

Date released: March 2013

Meant for those working with CARLI digital collections, this document provides recommendations for digitizing audio such as oral history and natural sounds. Sample rates, bit depths, file formats, software, hardware, and workflow are addressed. Background information on digital audio is also included.

CARLI: Consortium of Academic and Research Libraries in Illinois. (2010; revised 2013): CARLI Guidelines for the Creation of Digital Collections: Digitization Best Practices for Moving Images (http://www.carli.illinois.edu/sites/files/digital_collections/documentation/guidelines_for_video.pdf)
Creator: Consortium of Academic and Research Libraries in Illinois (CARLI) Digital Collection Users’ Group (DCUG) Digital Collections Users’ Group, Standards Subcommittee.

Date released: March 2013

A lengthier CARLI document, these recommendations review best practices for digitizing analog and born digital moving images for both preservation and web access. Suggestions for technical specifications, metadata, file formats, web delivery, workflow, hardware, and software are outlined. A primer on digital video is also included.

Yale University. (2010): Digitization Shared Practices—Still Images Version 1.0 (http://www.yale.edu/digitalcoffee/downloads/DigitalCoffee_SharedPractices_%5Bv1.0%5D.pdf)
Creator: Yale Digital Coffee Group

Date released: August 2010

Meant for institutions that are involved with in-house digitization, this document provides a variety of recommendations for image capture, storage, and preservation. Specifically, suggestions for working with text, photographs, maps, 3D objects, and graphic materials are presented, including hardware, software, metadata, quality control, file naming, storage, recording, and verification. Recommendations for audio, video, 3D modeling, born digital materials, prepress matters, staffing, workflow, selection, and system/network architecture are not addressed.

Appendix B

Examples of metadata schemas reviewed in Chapter 5

Table B.1

MODS (Version 3)




	Types of Elements
	Definition





	TitleInfo
	A word, phrase, character, or group of characters, normally appearing in a resource, that names it or the work contained in it



	Name
	The name of a person, organization, or event (conference, meeting, etc.) associated in some way with the resource



	TypesofResource
	A term that specifies the characteristics and general type of content of the resource



	Genre
	A term or terms that designate a category characterizing a particular style, form, or content, such as artistic, musical, literary composition, etc.



	OriginInfo
	Information about the origin of the resource, including place of origin or publication, publisher/originator, and dates associated with the resource



	Language
	A designation of the language in which the content of a resource is expressed



	PhysicalDescription
	Describes the physical attributes of the information resource



	Abstract
	A summary of the content of the resource



	TableofContents
	A description of the contents of a resource



	TargetAudience
	A description of the intellectual level of the audience for which the resource is intended



	Note
	General textual information relating to a resource



	Subject
	A term or phrase representing the primary topic(s) on which a work is focused



	Classification
	A designation applied to a resource that indicates the subject by applying a formal system of coding and organizing resources according to subject areas



	RelatedItem
	Information that identifies other resources related to the one being described



	Identifier
	Contains a unique standard number or code that distinctively identifies a resource



	Location
	Identifies the institution or repository holding the resource, or the electronic location in the form of a URL where it is available



	AccessCondition
	Information about restrictions imposed on access to a resource



	Part
	The designation of physical parts of a resource in a detailed form



	Extension
	Provides additional information not covered by MODS



	RecordInfo
	Information about the metadata record




Top-level Elements in MODS (http://www.loc.gov/standards/mods/userguide/generalapp.html)



Table B.2

METS (Version 1.9)




	Types of Elements
	Definition





	Element <mets>
	The root element <mets> establishes the container for the information being stored and/or transmitted by the standard.



	Element <metsHdr>
	The METS header element <metsHdr> captures metadata about the METS document itself, not the digital object the METS document encodes. Although it records a more limited set of metadata, it is very similar in function and purpose to the headers employed in other schema, such as the Text Encoding Initiative (TEI) or the Encoded Archival Description (EAD).



	Element <agent>
	The agent element <agent> provides for various parties and their roles with respect to the METS record to be documented.



	Element <name>
	The element <name> can be used to record the full name of the document agent.



	Element <note>
	The <note> element can be used to record any additional information regarding the agent’s activities with respect to the METS document.



	Element <altRecordID>
	The alternative record identifier element <altRecordID> allows one to use alternative record identifier values for the digital object represented by the METS document; the primary record identifier is stored in the OBJID attribute in the root <mets> element.



	Element <metsDocumentID>
	The metsDocument identifier element <metsDocumentID> allows a unique identifier to be assigned to the METS document itself. This may be different from the OBJID attribute value in the root <mets> element, which uniquely identifies the entire digital object represented by the METS document.



	Element <dmdSec>
	A descriptive metadata section <dmdSec> records descriptive metadata pertaining to the METS object as a whole or one of its components. The <dmdSec> element conforms to same generic datatype as the <techMD>, <rightsMD>, <sourceMD>, and <digiprovMD> elements and supports the same subelements and attributes. A descriptive metadata element can either wrap the metadata (mdWrap) or reference it in an external location (mdRef) or both. METS allows multiple <dmdSec> elements, and descriptive metadata can be associated with any METS element that supports a DMDID attribute. Descriptive metadata can be expressed according to many current description standards (i.e., MARC, MODS, Dublin Core, TEI Header, EAD, VRA, FGDC, DDI) or a locally produced XML schema.



	Element <amdSec>
	The administrative metadata section <amdSec> contains the administrative metadata pertaining to the digital object, its components, and any original source material from which the digital object is derived. The <amdSec> is separated into four subsections that accommodate technical metadata (techMD), intellectual property rights (rightsMD), analog/digital source metadata (sourceMD), and digital provenance metadata (digiprovMD). Each of these subsections can either wrap the metadata (mdWrap) or reference it in an external location (mdRef) or both.



	Element <fileSec>
	The overall purpose of the content file section element <fileSec> is to provide an inventory of and the location for the content files that comprise the digital object being described in the METS document.



	Element <fileGrp>
	A sequence of file group elements <fileGrp> can be used to group the digital files comprising the content of a METS object either into a flat arrangement or, because each file group element can itself contain one or more file group elements, into a nested (hierarchical) arrangement.




	Element <structMap>
	The structural map section <structMap> is the heart of a METS document. It provides a means for organizing the digital content represented by the <file> elements in the <fileSec> of the METS document into a coherent hierarchical structure. Such a hierarchical structure can be presented to users to facilitate their comprehension and navigation of the digital content. It can further be applied to any purpose requiring an understanding of the structural relationship of the content files or parts of the content files. The organization may be specified to any level of granularity (intellectual and or physical) that is desired. Since the <structMap> element is repeatable, more than one organization can be applied to the digital content represented by the METS document.



	Element <structLink>
	The structural link section element <structLink> allows for the specification of hyperlinks among the different components of a METS structure that are delineated in a structural map. This element is a container for a single, repeatable element, <smLink>, which indicates a hyperlink between two nodes in the structural map. The <structLink> section in the METS document is identified using its XML ID attributes.



	Element <behaviorSec>
	A behavior section element <behaviorSec> associates executable behaviors with content in the METS document by means of a repeatable behavior <behavior> element. This element has an interface definition <interfaceDef> element that represents an abstract definition of the set of behaviors represented by a particular behavior section. A <behavior> element also has a <mechanism> element, which is used to point to a module of executable code that implements and runs the behavior defined by the interface definition. The <behaviorSec> element, which is repeatable as well as nestable, can be used to group individual behaviors within the structure of the METS document.



	Element <techMD>
	A technical metadata element <techMD> records technical metadata about a component of the METS object, such as a digital content file. The <techMD> element conforms to the same generic datatype as the <dmdSec>, <rightsMD>, <sourceMD>, and <digiprovMD> elements and supports the same subelements and attributes. A technical metadata element can either wrap the metadata (mdWrap) or reference it in an external location (mdRef) or both. METS allows multiple <techMD> elements, and technical metadata can be associated with any METS element that supports an ADMID attribute.



	Element <rightsMD>
	An intellectual property rights metadata element <rightsMD> records information about copyright and licensing pertaining to a component of the METS object. The <rightsMD> element conforms to same generic datatype as the <dmdSec>, <techMD>, <sourceMD>, and <digiprovMD> elements and supports the same subelements and attributes. A rights metadata element can either wrap the metadata (mdWrap) or reference it in an external location (mdRef) or both. METS allows multiple <rightsMD> elements, and rights metadata can be associated with any METS element that supports an ADMID attribute.



	Element <sourceMD>
	A source metadata element <sourceMD> records descriptive and administrative metadata about the source format or media of a component of the METS object such as a digital content file. It is often used for discovery, data administration, or preservation of the digital object. The <sourceMD> element conforms to same generic datatype as the <dmdSec>, <techMD>, <rightsMD>, and <digiprovMD> elements and supports the same sub-elements and attributes. A source metadata element can either wrap the metadata (mdWrap) or reference it in an external location (mdRef) or both. METS allows multiple <sourceMD> elements, and source metadata can be associated with any METS element that supports an ADMID attribute.




	Element <digiprovMD>
	A digital provenance metadata element <digiprovMD> can be used to record any preservation-related actions taken on the various files that comprise a digital object (e.g., those subsequent to the initial digitization of the files such as transformation or migrations) or, in the case of born digital materials, the files’ creation. In short, digital provenance should be used to record information that allows both archival/library staff and scholars to understand what modifications have been made to a digital object and/or its constituent parts during its lifecycle. This information can then be used to judge how those processes might have altered or corrupted the object’s ability to accurately represent the original item. One might, for example, record master derivative relationships and the process by which those derivations have been created.



	Element <file>
	The file element <file> provides access to the content files for the digital object being described by the METS document. A <file> element may contain one or more <FLocat> elements that provide pointers to a content file and/or an <FContent> element that wraps an encoded version of the file. Embedding files using <FContent> can be a valuable feature for exchanging digital objects among repositories or for archiving versions of digital objects for off-site storage. All <FLocat> and <FContent> elements should identify and/or contain identical copies of a single file. The <file> element is recursive, thus allowing subfiles or component files of a larger file to be listed in the inventory.



	Element <div>
	The structural divisions of the hierarchical organization provided by a <structMap> are represented by division <div> elements, which can be nested to any depth. Each <div> element can represent either an intellectual (logical) division or a physical division. Every <div> node in the structural map hierarchy may be connected (via subsidiary <mptr> or <fptr> elements) to content files that represent that div’s portion of the whole document.



	Element <mptr>
	Like the <fptr> element, the METS pointer element <mptr> represents digital content that manifests its parent <div> element. Unlike the <fptr >, which either directly or indirectly points to content represented in the <fileSec> of the parent METS document, the <mptr> element points to content represented by an external METS document. Thus, this element allows multiple discrete and separate METS documents to be organized at a higher level by a separate METS document.



	Element <fptr>
	The <fptr> or file pointer element represents digital content that manifests its parent <div> element. The content represented by an <fptr> element must consist of integral files or parts of files that are represented by <file> elements in the <fileSec>. Via its FILEID attribute, an <fptr> may point directly to a single integral <file> element that manifests a structural division. However, an <fptr> element may also govern an <area> element, a <par>, or a <seq>, which in turn would point to the relevant file or files. A child <area> element can point to part of a <file> that manifests a division, while the <par> and <seq> elements can point to multiple files or parts of files that together manifest a division.



	Element <par>
	The <par> or parallel files element aggregates pointers to files, parts of files, and/or sequences of files or parts of files that must be played or displayed simultaneously to manifest a block of digital content represented by an <fptr> element.



	Element <smLink>
	The Structural Map Link element <smLink> identifies a hyperlink between two nodes in the structural map. You would use <smLink>, for instance, to note the existence of hypertext links between web pages, if you wished to record those links within METS. NOTE: <smLink> is an empty element. The location of the <smLink> element to which the <smLink> element is pointing MUST be stored in the xlink:href attribute.




	Element <seq>
	The sequence of files element <seq> aggregates pointers to files, parts of files and/or parallel sets of files, or parts of files that must be played or displayed sequentially to manifest a block of digital content.



	Element <area>
	The area element <area> typically points to content consisting of just a portion or area of a file represented by a <file> element in the <fileSec>.



	Element <smLinkGrp>
	The structMap link group element <smLinkGrp> provides an implementation of xlink:extendLink and provides xlink compliant mechanisms for establishing xlink:arcLink type links between two or more <div> elements in <structMap> element(s) occurring within the same METS document or different METS documents.



	Element <smLocatorLink>
	The structMap locator link element <smLocatorLink> is of xlink:type “locator.” It provides a means of identifying a <div> element that will participate in one or more of the links specified by means of <smArcLink> elements within the same <smLinkGrp>.



	Element <smArcLink>
	Element <smArcLink> contained within <smLinkGrp>



	Element <behavior>
	A behavior element <behavior> can be used to associate executable behaviors with content in the METS document. This element has an interface definition <interfaceDef> element that represents an abstract definition of a set of behaviors represented by a particular behavior. A <behavior> element also has a behavior mechanism <mechanism> element, a module of executable code that implements and runs the behavior defined abstractly by the interface definition.



	Element <interfaceDef>
	The interface definition <interfaceDef> element contains a pointer to an abstract definition of a single behavior or a set of related behaviors that are associated with the content of a METS object.



	Element <mechanism>
	A mechanism element <mechanism> contains a pointer to an executable code module that implements a set of behaviors defined by an interface definition.



	Element <mdRef>
	The metadata reference element <mdRef> element is a generic element used throughout the METS schema to provide a pointer to metadata that resides outside the METS document.



	Element <mdWrap>
	A metadata wrapper element <mdWrap> provides a wrapper around metadata embedded within a METS document.



	Element <binData>
	The binary data wrapper element <binData> is used to contain Base64 encoded metadata.



	Element <xmlData>
	The xml data wrapper element <xmlData> is used to contain XML encoded metadata.



	Element <FLocat>
	The file location element <FLocat> provides a pointer to the location of a content file. It uses the XLink reference syntax to provide linking information indicating the actual location of the content file, along with other attributes specifying additional linking information. NOTE: <FLocat> is an empty element. The location of the resource pointed to MUST be stored in the xlink:href attribute.



	Element <FContent>
	The file content element <FContent> is used to identify a content file contained internally within a METS document. The content file must be either Base64 encoded and contained within the subsidiary <binData> wrapper element or consist of XML information and be contained within the subsidiary <xmlData> wrapper element.



	Element <binData>
	A binary data wrapper element <binData> is used to contain a Base64 encoded file.




	Element <xmlData>
	An xml data wrapper element <xmlData> is used to contain an XML encoded file. The content of an <xmlData> element can be in any namespace or in no namespace. As permitted by the XML Schema Standard, the processContents attribute value for the metadata in an <xmlData> element is set to “lax.” Therefore, if the source schema and its location are identified by means of an xsi:schemaLocation attribute and then an XML processor will validate the elements for which it can find declarations.



	Element <stream>
	A component byte stream element <stream> may be composed of one or more subsidiary streams. An MPEG4 file, for example, might contain separate audio and video streams, each of which is associated with technical metadata. The repeatable <stream> element provides a mechanism to record the existence of separate data streams within a particular file, and the opportunity to associate <dmdSec> and <amdSec> with those subsidiary data streams if desired.



	Element <transformFile>
	The transform file element <transformFile> provides a means to access any subsidiary files listed below a <file> element by indicating the steps required to “unpack” or transform the subsidiary files. This element is repeatable and might provide a link to a <behavior> in the <behaviorSec> that performs the transformation.




http://www.loc.gov/standards/mets/docs/mets.v1-9.html



Table B.3

TEI Header (Version 2.8.0)




	Types of Elements
	Definition
	Example





	titleStmt
	(title statement) Groups information about the title of a work and those responsible for its content
	



	editionStmt
	(edition statement) Groups information relating to one edition of a text
	



	extent
	(extent) Describes the approximate size of a text stored on some carrier medium or of some other object, digital or nondigital, specified in any convenient units
	



	publicationStmt
	(publication statement) Groups information concerning the publication or distribution of an electronic or other text
	A publisher or distributor; licensing conditions; identifying numbers



	seriesStmt
	(series statement) Groups information about the series, if any, to which a publication belongs
	



	notesStmt
	(notes statement) Collects together any notes providing information about a text additional to that recorded in other parts of the bibliographic description
	Note; annotation



	sourceDesc
	(source description) Describes the source from which an electronic text was derived or generated, typically a bibliographic description in the case of a digitized text, or a phrase such as “born digital” for a text that has no previous existence

	



	encodingDesc
	(encoding description) Documents the relationship between an electronic text and the source or sources from which it was derived
	



	profileDesc
	(text-profile description) Provides a detailed description of non-bibliographic aspects of a text, specifically the languages and sublanguages used, the situation in which it was produced and the participants and their setting
	



	revisionDesc
	(revision description) Summarizes the revision history for a file
	




TEI Header (http://www.tei-c.org/release/doc/tei-p5-doc/en/html/HD.html#HD21)



Table B.4

EAD Header Elements (Version 2002)




	Types of Elements
	Definition





	<eadheader> EAD Header
	A wrapper element for bibliographic and descriptive information about the finding aid document rather than the archival materials being described. The <eadheader> is modeled on the Text Encoding Initiative (TEI) header element to encourage uniformity in the provision of metadata across document types.



	<eadid> EAD Identifier
	A required subelement of <eadheader> that designates a unique code for a particular EAD finding aid document



	<filedesc> File Description
	A required subelement of the <eadheader> that bundles much of the bibliographic information about the finding aid, including its author, title, subtitle, and sponsor (all in the <titlestmt>), as well as the edition, publisher, publishing series, and related notes (encoded separately)



	<profiledesc> Profile Description
	An optional subelement of the <eadheader> that bundles information about the creation of the encoded version of the finding aid, including the name of the agent, place, and date of encoding. The <profiledesc> element also designates the predominant and minor languages used in the finding aid.



	<revisiondesc> Revision Description
	An optional subelement of the <eadheader> for information about changes or alterations that have been made to the encoded finding aid. The revisions may be recorded as part of a <list> or as a series of <change> elements. Like much of the <eadheader >, the <revisiondesc> element is modeled on an element found in the Text Encoding Initiative (TEI) DTD. The TEI recommends that revisions be numbered and appear in reverse chronological order, with the most recent <change> first.



	For more EAD Elements: http://www.loc.gov/ead/tglib/element_index.html







[image: ]



EAD Elements: <eadheader> EAD Header (http://www.loc.gov/ead/tglib/elements/eadheader.html)



Table B.5

VRA Core (Version 4.0)




	Types of Elements
	Definition
	Example






	work, collection, or image
	A choice of one of three elements, work, collection, or image, defines a VRA 4.0 record as describing a work (a built or created object), a collection (an aggregate of such objects), or an image (a visual surrogate of such objects)
	



	agent
	The names, appellations, or other identifiers assigned to an individual, group, or corporate body that has contributed to the design, creation, production, manufacture, or alteration of the work or image
	



	cultural context
	The name of the culture, people (ethnonym), or adjectival form of a country name from which a work, collection, or image originates, or the cultural context with which the work, collection, or image has been associated
	



	date
	Date or range of dates associated with the creation, design, production, presentation, performance, construction, or alteration, etc. of the work or image. Dates may be expressed as free text or numerical.
	



	description
	A free-text note about the work, collection, or image, including comments, description, or interpretation, that gives additional information not recorded in other categories
	



	inscription
	All marks or written words added to the object at the time of production or in its subsequent history, including signatures, dates, dedications, texts, and colophons, as well as marks, such as the stamps of silversmiths, publishers, or printers
	



	location
	The geographic location and/or name of the repository, building, site, or other entity whose boundaries include the work or image
	Repository locations; creation locations; discovery locations



	material
	The substance of which a work or an image is composed
	



	measurements
	The physical size, shape, scale, dimensions, or format of the work or image
	



	relation
	Terms or phrases describing the identity of the related work and the relationship between the work being cataloged and the related work or image. Use this element to relate work records to other work or collection records or image records to work or collection records
	



	rights
	Information about the copyright status and the rights holder for a work, collection, or image
	



	source
	A reference to the source of the information recorded about the work or the image
	



	stateEdition
	The identifying number and/or name assigned to the state or edition of a work that exists in more than one form and the placement of that work in the context of prior or later issuances of multiples of the same work

	



	stylePeriod
	A defined style, historical period, group, school, dynasty, movement, etc. whose characteristics are represented in the work or image
	



	subject
	Terms or phrases that describe, identify, or interpret the work or image and what it depicts or expresses
	



	technique
	The production or manufacturing processes, techniques, and methods incorporated in the fabrication or alteration of the work or image
	



	textref
	Contains the name of a related textual reference and any type of unique identifier that text assigns to a work or collection that is independent of any repository
	



	title
	The title or identifying phrase given to a work or an image
	



	worktype
	Identifies the specific type of work, collection, or image being described in the record
	




VRA Core 4.0 Element Description (http://www.loc.gov/standards/vracore/VRA_Core4_Element_Description.pdf)
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evaluation objectives, 289
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Evaluation dimensions, 290–291
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designing/implementing, 143–145

Dublin Core, 133–136

functions and types of, 131–132

interoperability, metadata mapping and harvesting, 141–143

linked data, 157–158

and digital libraries, 163–165

model and technologies, 159–163

metadata encoding and transmission standard (METS), 136–137

categories for the description of works of art (CDWA), 140–141

encoded archival description (EAD), 139

text encoding initiative (TEI), 138

visual resources association (VRA) core categories, 140

metadata object description schema (MODS), 136

reviewed, examples of

EAD header elements (Version 2002), 351

METS (Version 1.9), 346

MODS (Version 3), 345

TEI header (Version 2.8.0), 350

VRA Core (Version 4.0), 352

selecting a schema, 145–146

user tagging, 155–157

Metadata application profiles (MAPs), 151

Metadata creation, 68

Metadata crosswalk, 141

Metadata encoding and transmission standard (METS), 136–137

Categories for the Description of Works of Art (CDWA), 140–141

Encoded Archival Description (EAD), 139

Text Encoding Initiative (TEI), 138

Visual Resources Association (VRA) core categories, 140

Metadata harvesting, 142

Metadata, in digital libraries, 165
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Metadata records, 153, 154

Metadata Reference (mdRef) element, 137
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OAI-PMH standard, 180

OAIS functional entities, 271

OAIS reference model, 270

OCLC DigitalArchive, 275

OCLC projects, 130

OCLC survey, 99

OCR software, 83, See also Optical character recognition (OCR) software
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