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Abstract. Digital libraries constitute a relatively young
scientific field whose life spans roughly the last 10 years.
Despite its youth, the field has made a long journey from
its initial conception to the present state of the art and
has reached a level of maturity that warrants taking stock
of its course so far and paving a path for the immedi-
ate and long-term future. In this paper, we analyse the
recommendations of several activities that were initiated
by the DELOS Network of Excellence under the Fifth
Framework Programme of the European Commission and
demonstrate that there are several issues that arise in
similar form in most digital library efforts. We thus con-
clude that generic digital library management systems
that address all these issues in a common fashion can and
should be developed, so that future digital library efforts
are able to build on such platforms and focus only on the
hard issues that specialised functionality raises.

Keywords: Digital libraries — Digital library manage-
ment systems — Digital library research roadmap

1 Introduction

Digital libraries represent the meeting point of a large
number of disciplines and fields, i.e., data management,
information retrieval, library sciences, document man-
agement, information systems, the Web, image process-
ing, artificial intelligence, human-computer interaction,
and others. It was only natural that the first 10 years of
their existence were spent mostly on bridging some of
the gaps between the disciplines (and the scientists serv-
ing them), understanding what ‘digital library function-
ality’ is supposed to be, and integrating solutions from
each separate field into systems to support such func-
tionality. These goals have been achieved through much

exploratory work, primarily in the context of focused ef-
forts that have devised specialised approaches addressing
particular aspects of digital library functionality. For ex-
ample, the ARTISTE project from Europe’s Fifth Frame-
work Programme focused on how to develop an inte-
grated analysis and navigation environment for art im-
ages and analogous multimedia content, the COLLATE
project from the same Programme focused on how to deal
with old film libraries, while the Alexandria Project from
NSF’s DLI-1 and DLI-2 Programs focused on geospatially
referenced multimedia material. For the most part, every
effort so far has been distinct and, in some sense, isolated
from the rest. Each project has started from scratch to
build a system supporting the particular needs specified
in the project’s description. Nevertheless, looking back at
the individual achievements of all the projects, one can
see clearly that there is substantial commonality among
many of them.

The field of digital libraries is at a level of maturity
that did not exist 10years ago. Substantial knowledge
and experience have been accumulated.! Moreover, one
may now claim that there is indeed a ‘critical mass’ of sci-
entists coming from very diverse backgrounds that form
a digital library research community. All the individual
activities of the past seem to have come together bringing
digital libraries to a crossroads. How does the field move
forward from this point?

This paper attempts to offer a relatively detailed
roadmap on how to proceed from the current state of the
art to the next generation of digital libraries. It identifies
some of the principal research problems that need to be

1 Instrumental in the birth and growth of the field have been the
funding opportunities generated by the Cultural Heritage Appli-
cations unit of the Information Society Directorate-General of the
European Commission and the Digital Library Initiatives in the
United States sponsored by the National Science Foundation and
other agencies.
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solved. It is based on the primary conclusions of several
activities that took place in the context of the DELOS
Network of Excellence for Digital Libraries under the
Fifth Framework Programme of the European Commis-
sion. Among these activities, the brainstorming workshop
that was held in San Cassiano [1] played a major role
and served as the springboard for many of the subsequent
events, including seven working groups [7—13] organised
in collaboration with the NSF. Another key activity of
DELOS with significant impact was the series of thematic
workshops on key digital library research areas [2—6]. For
ease of reference, the working groups and thematic work-
shops are codified as follows:
Working groups:

Gl  Spoken-Word Digital Audio Collections
G2  Digital Libraries Information-Technology Infra-

structures

G3  Personalisation and Recommender Systems in Digit-
al Libraries

G4 ePhilology: Emerging Language Technologies and
Rediscovery of the Past

G5 Digital Imaging for Significant Cultural and Histor-
ical Materials

G6  Digital Archiving and Preservation

G7  Actors in Digital Libraries

Thematic workshops:

W1 Information Seeking, Searching, and Querying in
Digital Libraries

W2  Personalisation and Recommender Systems in Dig-
ital Libraries

W3 Interoperability and Mediation in Heterogeneous
Digital Libraries

W4  FEvaluation of Digital Libraries: Testbeds, Measure-
ments and Metrics

W5 Multimedia Contents in Digital Libraries

In this paper, the results of the work achieved dur-
ing the brainstorming and thematic workshops as well as
the working group meetings are summarised in a cohe-
sive and comparative way. An analysis of these results
appears to point to some key new directions for future
digital library research that require a certain change of
course with respect to the past. In particular, it is time for
digital library technology to be developed in its own
right and not as an adaptation of techniques borrowed
from other disciplines. Diversity of needs among different
digital libraries will continue to require specialised ap-
proaches to specific problems, but no effort should have
to address all aspects of digital library development. The
field is ready to design and build generic digital library
management systems (DLMSs) that will have all the
key features that appear fundamental in supporting dig-
ital library functionality as it arises in several possible
contexts. All specialised functionality should then be de-
veloped on top of such systems.

This paper is organised as follows. Section 2 describes
a research framework that serves as the foundation for
the rest of the paper, including the high-level strategic
goals that came out of the main DELOS brainstorming
workshop and the main research areas that have been
identified as critical for achieving these goals. Sections 3
and 4 present the detailed agendas for each research area
as they have been drafted by the participants of the cor-
responding working groups and thematic workshops, re-
spectively. Section 5 analyses and synthesises the details
of these research agendas and reveals certain common
patterns. Section 6 uses these patterns to justify in some
detail the need for generic DLMSs and charts a high-level
roadmap that should be followed to make progress on the
research agendas. Finally, Sect. 7 concludes the report
and offers some final thoughts on the identity of the dig-
ital library field as a whole.

2 Foundational framework

The main brainstorming workshop organised by DELOS
produced the so-called San Cassiano Report [1], which
formed the foundational framework within which much of
the remaining and more detailed research-agenda devel-
opment took place. In that report, a 10-year Grand Vision
for Digital Libraries is specified as follows:

Digital Libraries should enable any citizen to access
all human knowledge, any time and anywhere, in
a friendly, multimodal, efficient, and effective way,
by overcoming barriers of distance, language, and
culture and by using multiple Internet-connected
devices.

In the same report, a conceptual framework for digital li-
braries is also presented (Fig. 1) that serves as a guide
to organising the research required to achieve the above
goal. The framework recognises three major layers in
a digital library system. At the bottom are the contents
of the digital library. On top of these is the core system,

Usage

Management

Digital Library System

Fig. 1. Conceptual framework
for digital library systems
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responsible for the management of the contents and for
providing the necessary functionality. At the front end is
the user interaction layer, dealing with all aspects of the
interface between the users and the system.

Note that, on the basis of their primary theme, the
DELOS working groups and thematic workshops may be
placed within the above framework as follows:

Usage G3, W1, W2
Management G2, W3

Contents G1, G4, G5, G6, W5
Vertical (across all three) — G7, W4

For each of the three main layers of a digital library sys-
tem, the San Cassiano Report establishes a 10-year goal
and analyses the research work that is deemed necessary to
reach it. Clearly, any new approach, solution or enhance-
ment in any of these components also affects some or all
of the others, generating more related research problems.
The report’s analysis places within each layer the research
problems whose primary motivation lies there. These are
briefly outlined in the rest of this section.

2.1 Contents

The most critical research issues that arise primarily from
the contents layer of a digital library system are the
following:

— Collection building, in particular information acqui-
sition, information analysis and extraction, and situ-
ated information organisation.

— Collection access and navigation, including efficient
search algorithms and structures as well as search op-
timisation.

— Dealing with non-traditional kinds of objects, such
as scientific data collections, simulation models, and
combinations of text, video, audio, images, structured
data and other forms.

— Dealing with multilingual and multicultural collec-
tions, with topics such as culturally driven informa-
tion translations and management of appropriate lin-
guistic information and meta-information.

— Collection preservation, including software and infor-
mation migration, translation algorithms and other
techniques.

2.2 Management

Likewise, the most critical research issues that arise pri-
marily from the management layer of a digital library
system are the following:

— Basic system architecture, with a particular emphasis

on component-based, multitier, and Grid architectures.

— Openness, especially working towards flexible systems
with plug-and-play functionality, as well as develop-
ing various relevant system features, such as auto-
description, auto-registration and auto-configuration.

— Interoperability and metadata, such as metadata cor-
relation, registries and conversion tools.

— Scalability, with a special focus on decentralised archi-
tectures and performance prediction.

— Availability, in particular advancing the techniques
for dynamic reconfiguration and replication.

— Session-flow and workflow management, with mod-
elling, correctness and consistency, long and interop-
erable sessions, and extensibility being the most cen-
tral of the relevant issues.

— Security, in particular integrity, confidentiality and
digital-rights specification languages.

— Quality, especially establishing quality criteria, met-
rics, estimation techniques, quality-based processing
and quality-oriented metadata.

— Digital library administration.

2.3 Usage

Finally, the most critical research issues that arise pri-
marily from the usage layer of a digital library system are
the following:

— User interfaces, including issues of integrated mul-
tiparadigm access, task-oriented access and user-
interface generation.

— Information visualisation, especially issues related to
content-sensitive and context-sensitive visualisation.

— Personalisation and customisation, including explicit
and implicit profiling, static and dynamic profiling,
personal annotations and person-dependent system
behaviour.

— Community information spaces, especially issues re-
garding implicit and explicit community definition, as
well as community annotations and ratings.

— Multilingual and multicultural interactions, empha-
sising language-dependent and culture-dependent
user requests as well as content and service delivery.

— Collaboration, especially synchronous digital library
visits.

— Universal access, including all three dimensions of the
topic: people (access by everybody), location (access
from everywhere) and devices (access via everything,
e.g. regular computer screen, palm organiser, etc.).

— Multi-channel access, with particular focus on persis-
tent sessions across multiple devices as well as device-
dependent content and service delivery.

2.4 Socio-economic and other issues

In addition to technological research problems, the San
Cassiano Report also raises some other important issues
that require particular attention in order for the 10-Year
Grand Vision to be realised. These are as follows:

— Use of digital libraries in several applications, es-
pecially education, including promotion of such use
through building digital library services on a variety of
educational topics in different parts of the world; stud-
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ies on how such use affects learning by various user
categories and identification of any particular system
demands raised within an educational environment.

— Business modelling, in particular identification of
business models for digital library operation and stud-
ies of their effectiveness.

— Sustainability, especially mechanisms to fund the con-
tinuous renewal of material in digital libraries and
maintain users’ awareness of their offerings.

— Copyright issues, focusing on possibly identifying
a small number of standard approaches that could be
used in several cases.

— Methodologies for digital library development, includ-
ing issues on software, contents collection, daily man-
agement and dealing with change.

— Standardisation, with particular emphasis on inter-
operability.

— Digital libraries as subsystems, in particular methods
for interfacing digital library systems with other com-
ponents of greater systems.

3 The working groups

The DELOS/NSF joint working groups were established
in order to explore more deeply some of the research
themes that emerged during the San Cassiano Brain-
storming Workshop. Some working groups examined
a very specific topic while others maintained a relatively
more general perspective. In this section, we give a com-
prehensive summary of the conclusions of the delibera-
tions of each working group. The rest of the papers in this
special issue describe in more detail the activities of these
working groups and present their recommendations.

3.1 Spoken-word audio collections

Although the number of audio collections is continuously
increasing, they are usually inaccessible to the public due
to the fact that no adequate search facilities exist and also
because they are steadily becoming degraded. Hence, the
research agenda charted by this working group focused on
providing support for access to and preservation of these
audio collections and included, among others, the follow-
ing issues:

— Analysis and indexing of audio documents according
to diverse characteristics, which includes several dis-
crete subtopics: audio partitioning, speech recognition
and enhancement, speaker identification and tracking,
information extraction and automatic summarisation,
and prosodic modelling.

— Browsing and search of audio documents, especially
spoken document retrieval, interactive speech retrieval,
topic detection and tracking, language identification
and cross-language information retrieval.

— Collecting, archiving and preserving audio content, in-
cluding material filtering, metadata capture, content

reformatting and reshaping, audio-transcript synchro-
nisation, and media storage.

In addition to the above technology-driven issues, the
working group also discussed privacy and copyright poli-
cies, which are critical topics for the digital library field as
a whole.

3.2 Digital library information-technology infrastructure

This working group focused on information systems as-
pects of digital library technologies and pointed towards
digital library management systems (DLMSs). It dis-
cussed system architecture alternatives with particular
emphasis on component-based architectures for scalabil-
ity and maintainability but also called for investigation
of Web services, the Semantic Web, and the Grid. Then,
based on two realistic scenarios — one of them dealing with
cultural heritage preservation and the other with biomed-
ical research — it specified a five-step user-information
cycle and brought out the research issues that are relevant
to each step as follows:

— Request specification, such as query languages, new
paradigms (e.g. vague personalised queries) and user
interfaces.

— Request analysis and evaluation, including new forms
of object similarity, multimedia/continuous-media
searches, search mechanism combinations, process
management and information quality metrics.

— Data storage, from the highest level, where the in-
formation space is organised using techniques such as
knowledge discovery and data mining, to the level of
feature space organisation and multidimensional in-
dexing, on to the lowest level of data format choice.

— Information integration and derivation, with empha-
sis on multiple result-list combination, visualisation
and presentation personalisation.

— Information enrichment, which refers to human post-
processing of results and includes the specification of
information provenance, general information annota-
tion and document-excerpt combination.

The working group also made recommendations for ad-
vancing the supporting environments by developing stan-
dard metadata and ontologies.

3.8 Personalisation and recommender systems
in digital libraries

Digital library systems must offer content and services
that are adapted (in terms of substance and presentation)
to the personal needs of the user. These are implied by the
user’s preferences, task, information needs, background,
history, device, location, time of request and other char-
acteristics that essentially define the user’s context. The
relevant research challenges identified by this working
group include the following;:
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— User model design/definition, for flexible and portable
models that capture every aspect of the user’s context
as illustrated above, long-term (persistent) and short-
term (ephemeral) models, and individual and group
models.

— User model derivation, implicit methods for learn-
ing about the user, collection and analysis of relevant
server-side or client-side information for group and in-
dividual modelling, respectively, and life-long learning
techniques for very long-term modelling.

— User model processing to personalise system be-
haviour, identification of the appropriate aspects
of the model of the user in each case (e.g., short-
term vs. long-term characteristics), and shifting from
group-based to individual-based personalisation as
the model for a user becomes more detailed.

— Personalisation of user interaction, personalised inter-
action styles and information presentation, and trade-
off between user control and system initiative.

— Evaluation of personalised functionality from an in-
dividual user or user group perspective, appropriate
evaluation criteria and metrics and longitudinal stud-
ies for evaluation of very long-term user models.

— Maintaining balance between personalisation/col-
laboration and privacy.

The working group also emphasised the importance of de-
veloping shared platforms (standard data sets, tasks and
scenarios) and computational infrastructure to facilitate
evaluation of personalisation methods in both laboratory
and real-world settings.

3.4 ePhilology: Emerging language technologies
and the rediscovery of the past

When applied to the vast quantities of historical (mono-
or multilingual) material that can be found in mu-
seums, libraries and other repositories, emerging lan-
guage technologies open up several new possibilities
to the fields of teaching, learning and research in the
broad area of cultural heritage. This working group
explored the potential benefits of moving in this di-
rection and emphasised the need to first identify the
relevant user communities and understand their atti-
tudes and preferences with respect to information. It
also outlined the key techmnological issues that should
be the focus of research in this area, which include the
following:

— Evaluation metrics to be used for comparison of
the effectiveness and result-quality of language-based
systems.

— Visualisation techniques for diverse information that
can be extracted from historical and cultural material.

— Information-source quality, especially problems that
arise from OCR and the trade-off between having
large quantities of low-quality documents versus small
quantities of high-quality documents.

— Web/XML information retrieval and the role of differ-
ent levels of structured markup using languages like
SGML and XML.

— Detection and tracking of entities and relations using
a variety of methods, ranging from human-generated
rules to more open-ended machine learning.

— Document understanding of a great variety of forms,
such as different levels of summarisation of single or
multiple documents, question-answering systems, cat-
egorisation and clustering of documents based on their
content, filtering and collaborative filtering, and topic
detection and tracking.

3.5 Digital imagery for significant cultural
and historical materials

The key premise for this working group was that digital
imagery can be used to protect important cultural and
historical materials from perishing and to promote under-
standing among cultures. Hence, it advocated studying
several problems whose solution would facilitate the es-
tablishment of sustainable and enduring digital imagery
archives of the world heritage. It classified these problems
into four areas as follows:

— Digital imagery creation and preservation, includ-
ing digitisation, (semi-)automatic capture of technical
and descriptive metadata, multimodal image acqui-
sition, provenance recording, image compression and
storage, and image preservation and restoration, par-
ticularly for images of various forms of art.

— Image and video retrieval, emphasising automatic fea-
ture extraction and combination for two-dimensional
and three-dimensional objects, semantic-based simi-
larity metrics, and search efficiency and scalability.

— Presentation and usability, in particular advanced
multimedia user interfaces, new query and browse
paradigms, multilingual and language-independent
retrieval, multiresolution retrieval, advanced displays,
gesture recognition, customisation to user’s needs,
presentation of three-dimensional objects, and multi-
perspective and large-scale visualisation.

— Overall access to the archive, with emphasis on the
need to support multiple user groups at the same time,
address particularities of different applications, inte-
grate multiple heterogeneous archives, and capture
the overall flow of information through the archive.

The working group also gave recommendations on mech-
anisms for collaborative research, such as creation of
a copyright-free corpus of images and videos, develop-
ment of shared testbeds, and establishment of domain-
specific benchmarks.

3.6 Digital archiving and preservation

Growing rates of digital content accumulation and the en-
suing needs for its retention demand new approaches to
digital archiving and long-term preservation. This work-
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ing group analysed the technical challenges that arise in
this direction, stressed the need for automated and scal-
able techniques and recognised the importance of generic
solutions whenever possible, such as to interpretability
and trustworthiness problems. It identified several re-
search issues that require investigation and partitioned
them into three categories, as follows:

— Preservation strategies, such as development of soft-
ware, format, and device repositories, creation of
‘archival’ media, reconstruction of logical entities from
raw data, infrastructure-independent representations
and functionality documentation of digital entities,
creation of context-aware digital entities, survivability
prediction by accelerated ageing and preservation of
knowledge.

— Re-engineering preservation processes, including mod-
elling, automation and scalability of processes, trust-
worthiness and information quality detection, com-
pleteness validation of collections and anomaly iden-
tification in them, and preservation in distributed and
Grid environments.

— Preservation systems and technology, with empha-
sis on multiple format manipulation, management of
complex and dynamic digital entities, automated cre-
ation and long-term viability of metadata, use of mul-
tilingual entities and technology, appraisal of preser-
vation costs and benefits, and archive repurposing.

In addition, the working group suggested particular re-
search methodologies that could help increase the overall
success rate of research efforts in the above areas. It also
indicated several non-technical challenges that need to
be addressed before preservation research can have the
desired impact, with particular emphasis on technology
transfer and commercialisation.

8.7 Actors in digital libraries

An actor is any entity (e.g. person, organisation or sys-
tem) that plays a role in the production, dissemination,
management or use of services offered by a digital li-
brary. To illustrate the need for research in modelling of
actors and roles, this working group introduced an ex-
ample model consisting of three classes of actors: agents
(suppliers of information and services), users (mostly con-
sumers of services) and professionals (managers of digital
libraries). Based on this model, the working group ana-
lysed the relationships between actor types in the con-
text of four realistic scenarios, each one represented by
two cases that were appropriately compared. The first
scenario dealt with digital libraries for science and tech-
nology, and the comparison was between the traditional
competitive approach and an emerging collaborative ap-
proach. (More details are presented in the paper included
in this special issue that describes the activities of this
working group.) The second scenario dealt with discov-
ery services based on harvesting, and the comparison was

between usage of structured and unstructured metadata.
The third scenario dealt with libraries for preservation,
and the comparison was between conventional collection
development and web harvesting. Finally, the fourth sce-
nario dealt with collaborative digital libraries, and the
comparison was between closed and open collaborating
communities.

This analysis underscored the need for formal and ob-
jective reference models for the description of actors and
their roles in digital libraries. It showed that the use of
a formal model has the potential to reveal patterns of in-
teraction among digital library actors in both practical
and theoretical ways, potentially leading to more effect-
ive actor-driven applications and more realistic business
models. In addition to the need for investigation of refer-
ence models, it also brought to light several other issues
that warrant further research, such as collection building
and preservation, interoperability and metadata, work-
flow management, security, personalisation and customi-
sation, and interfaces for all users and user groups.

4 The thematic workshops

As mentioned earlier, in parallel with the brainstorming
workshops and the working group meetings, the DELOS
Network of Excellence also organised several thematic
workshops, where the current state of the art and future
research directions in particular topics of digital libraries
were discussed. In this section, we summarise the ideas
expressed by the participants of each thematic workshop
regarding the most critical research problems that the
field should pursue.

4.1 Information seeking, searching
and querying in digital libraries

Retrieval of information from a digital library can take
several different forms, including information navigation,
searching and querying. Within this broad area, this
workshop identified several issues that require attention:

— Combining search approaches and search results,
which essentially requires combining evidence for var-
ious information pieces for optimal results, with em-
phasis on efficient algorithms, combining structured
and unstructured information, and using XML and
RDF.

— Retrieval models and languages, including interaction
models that take into account the dynamic nature of
digital library search, use of natural language, use of
XML, addressing heterogeneity and distribution, and
understanding the temporal and spatial dimensions of
information.

— Searching multimedia content, especially developing
indices that would support different similarity queries
on dynamic data for arbitrary metrics, approximate
search and distance browsing, as well as content-based
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searching, interoperability and personalisation of con-
tinuous media.

— System infrastructure, in particular system architec-
ture, functionality, computation support, perform-
ance and scalability.

4.2 Personalisation and recommender systems
in digital libraries

Earlier work developed a variety of methods that use past
user queries or user behaviour to create new queries or
recommendations for different media. Nevertheless, the
participants of this workshop felt that several open ques-
tions remain:

— Creation of algorithms and techniques specific to per-
sonalisation needs within digital libraries, including
social issues, such as the tradition of privacy in the
library science community, which ‘clashes’ with the
need for personalisation.

— Evaluation of personalisation and recommendation
techniques, which requires the development of rigor-
ous quantitative and qualitative techniques (e.g. with
tools from other disciplines like sociology) as well as
the establishment of appropriate testbeds.

— Long-term personalisation, in particular devising
models that capture the users’ changing needs and
interests during time as well as dealing with related in-
teroperability issues that arise when users change or
use multiple platforms.

4.8 Interoperability and mediation
in heterogeneous digital libraries

Digital collections are inherently heterogeneous and
mostly distributed, so they should interoperate through
middleware that provides transparent access, data trans-
lation, object identification and other related services.
Within this framework this workshop raised several issues
for future research, broadly classified as follows:

— System architecture, with emphasis on design and
generation of mediators, wrappers and agents, scala-
bility, openness to dynamic registration of new collec-
tions and efficiency (query processing and optimisa-
tion, indexing).

— Metadata, including metadata generation, registra-
tion and exchange, metadata categorisation within
the Semantic Web, brokering in heterogeneous col-
lections through Web-based end-user systems, use of
XML and RDF for service description, and service
composition.

4.4 Evaluation of digital libraries:
testbeds, measurements and metrics

The methods and metrics used for the evaluation of dig-
ital libraries vary according to different perspectives one

may have on digital libraries. Evaluation is different if
a digital library is viewed as an institution, as an infor-
mation system, as a new technology or as a combination
of new services. The participants of this workshop em-
phasised these distinctions as they illustrate the great
importance of the following two problem areas:

— Evaluation infrastructure development, in particu-
lar creation of an institution that will collect all the
records of interaction in digital libraries and incorpo-
rate appropriate testbeds that will then be used by
the community; it will also provide the necessary in-
frastructure for subsequent development of common
standards.

— Evaluation metrics, especially abandoning current
metrics, which have been derived from other contexts,
and devising new ones that reflect the totality of digi-
tal libraries, as well as developing context-specific and
context-sensitive evaluation techniques.

4.5 Multimedia contents in digital libraries

Despite extensive earlier work in the area of multime-
dia management, this workshop indicated that there are
several major unsolved issues that hinder the full incorpo-
ration of multimedia items into digital libraries:

— System management, including content addressabil-
ity, interoperability, use of multiple user-interface de-
vices, scalability and robustness.

— Standard development and use, especially with re-
spect to data and metadata formats, models and lan-
guages, with particular emphasis on the Internet and
the Web, which should be considered as the standard
underlying environment.

5 Research agenda analysis

The previous three sections contain several general and
specialised research agendas that have been produced
by the various forums that DELOS established for this
purpose. In this section, we put the results of all these
efforts in the same perspective and draw a general pic-
ture of the direction that digital library research should
take in the next few years. The conceptual framework
introduced in the San Cassiano Report (Fig. 1 and the
research issues raised for each of its layers in Sect. 2)
serves as the main foundation on which the outputs of
the other meetings are placed.? In particular, for each
layer of a digital library system, we summarise the sub-
set of its topics that the participants of each working
group and thematic workshop examined in depth. At
the end of the section, we tabulate all this for easy
reference.

2 We do not consider non-technological issues (i.e. the socio-
economic and other issues listed in Sect. 2) as few activities
touched upon any of those.
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The Actors working group constitutes an exception in
that it used a higher-level abstraction of a digital library
system and focused on a global issue that is essentially
outside the conceptual framework of Fig. 1. It did bring
up some of the detailed topics of the framework and ad-
dressed them from the perspective of how the different
actors and the roles they assume affect them; these are
indicated in the table at the end of this section.

5.1 Contents

Because of the nature of digital library systems, with con-
tent management being their primary role, most working
groups addressed issues of content in some form. The
Spoken-Word and Digital Imagery working groups op-
erated almost exclusively within this part of the con-
ceptual framework, discussing technologies and problems
related to acquisition, analysis, access and preserva-
tion of audio and imagery collections, respectively. The
Information- Technology Infrastructure working group
addressed information storage and retrieval, data an-
alysis and annotation. The ePhilology working group
discussed information-source quality, information anno-
tation and markup and document understanding at vari-
ous levels. Finally, the Digital Archiving and Preservation
working group targeted long-term collection preserva-
tion, which affects all the other contents topics as well.

The same holds for the thematic workshops. The In-
formation Seeking, Searching, and Querying workshop
examined a variety of topics on collection access and nav-
igation (algorithms and structures) and paid attention
to several non-traditional forms of information. The In-
teroperability and Mediation workshop examined various
issues of information access and navigation in a hetero-
geneous and/or distributed environment. The Evaluation
workshop addressed access and navigation for diverse
forms of data, all from the perspective of digital library
evaluation. Finally, the Multimedia Contents workshop
focused on accessing multimedia data in the context of
different applications.

5.2 Management

Unlike the case for contents, management was not really
the target of many working groups. The Information-
Technology Infrastructure working group was probably
the one that dealt most comprehensively and most gener-
ically with the entire spectrum of management issues.
The Digital Preservation and Archiving working group
was also relatively broad in its discussions of manage-
ment issues, addressed the entire preservation process,
emphasised scalability, metadata and information qual-
ity, and considered issues of security and distributed ar-
chitectures. The remaining working groups addressed dif-
ferent issues in a more specific manner. In particular,
the Spoken-Word working group dealt with metadata for

audio collections and properties like security and qual-
ity; the Personalisation and Recommender Systems work-
ing group mentioned portable user models, workflows
for learning user behaviours, and security and quality;
the ePhilology working group discussed evaluation met-
rics and briefly touched upon issues of open architectures
and metadata for historical material; and the Digital
Imagery working group focused on interoperability and
integration, metadata and workflow management, while
it made passing references to security and quality of im-
agery archives.

Likewise, management issues were the concern of only
some of the thematic workshops. The Information Seek-
ing, Searching, and Querying workshop paid particular
attention to architectural issues, interoperability among
heterogeneous digital libraries and several desirable ar-
chitectural properties, such as scalability and openness.
The Interoperability and Mediation workshop was the one
most intimately related to management. It examined var-
ious architectural issues and discussed several desirable
system properties for digital libraries. The Multimedia
Contents workshop also dealt with an extensive set of
management issues, focusing particularly, of course, on
how these may be addressed for multimedia information.
The remaining two workshops had very specific interests
in management. The Personalisation and Recommender
Systems workshop only addressed interoperability and
security issues, while the Fvaluation workshop focused on
quality and administration aspects.

5.8 Usage

As with management, most working groups touched upon
usage issues only briefly. The Personalisation and Rec-
ommender Systems working group worked with the full
range of usage issues, as personalisation and customisa-
tion can affect all of them. The Information-Technology
Infrastructure working group focused on user interfaces,
information visualisation and several new interaction
paradigms, including multilingual and personalised. The
rest of the working groups addressed some of the issues
in a more tangential manner. Thus, the Spoken-Word
working group discussed briefly multilingual interaction
with audio collections as well as advanced presentation of
them, the ePhilology working group focused on presenta-
tion and personalisation of multilingual and multicultural
historical material, the Digital Imagery working group
addressed advanced user interfaces and visualisation, as
well as multilingual and multiperspective interaction. Fi-
nally, the Digital Preservation and Archiving working
group discussed only issues on multilingual material.
Likewise, usage issues occupied the participants of
only some of the thematic workshops, and for the most
part in a relatively limited way. The Information Seek-
ing, Searching, and Querying workshop focused only on
language aspects of user interfaces and touched upon
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issues of personalisation. The Personalisation and Rec-
ommender Systems workshop explored the correspond-
ing usage topic extensively and also discussed issues of
changing platforms. The Interoperability and Mediation
workshop focused on uniform user interfaces for hetero-
geneous digital libraries and on collaboration in such an
environment. Finally, the Multimedia Contents workshop
focused on user interfaces and personalisation for multi-
media, as well as on how such data can be managed across
multiple devises.

5.4 Summary

Table 1 lists the main research issues of the San Cas-
siano Report (Sect. 2) and indicates how they are related
to the DELOS working groups and thematic workshops.
Clearly, there are many more cells checked in Table 1
than one would expect from the main titles of the work-
ing groups and thematic workshops. Apparently, inde-
pendently of the focus of a particular activity, its par-
ticipants have invariably identified research problems in
other areas as well. This may be interpreted in two ways:

1. By looking at the table column-wise, one may draw
the conclusion that, in general, the layers of a digital
library system (Fig. 1) are well integrated and inter-
dependent; hence, progress in one requires progress in
one or both of the others.

2. By looking at the table row-wise, one sees many top-
ics that appear in the agendas of a large number of the
activities and may therefore draw the conclusion that
there is room for generic approaches in those topics.

Reconciliation between these two seemingly contradic-
tory conclusions should help to lay the foundations for
an overall strategic roadmap that digital library research
should follow in order to work towards the 10-Year Grand
Vision. This is outlined in the next section.

6 Research roadmap

From the previous research agenda analysis and taking
into account the details of the reports of each activity, one
can classify the research issues identified into three cate-
gories:

1. Generic issues: There are several issues that are in-
dependent of the others and should be addressed sep-
arately. These include several of the items that were
particularly popular among the participants of all the
activities, e.g. interoperability and metadata, security
and quality, as well as some of those items whose na-
ture itself is generic, e.g. system architecture, open-
ness, scalability and availability. Essentially, most (if
not all) issues in the management layer of a digital li-
brary system belong in this category.

2. Specialised issues: By definition, several areas re-
quire specialised attention and cannot be affected by
progress in others. These mostly include those issues
that have been specific targets of a small number of ac-
tivities, e.g. non-traditional objects, universal access,
and multichannel access. Essentially, most issues in
the usage layer of a digital library system as well as the
really specialised issues in the contents layer belong in
this category.

Table 1. Issues addressed by working groups and thematic workshops

Issue G1

G2 G3 G4 G5 G6 G7

W1 W2 W3 W4 W5

Collection building v
Collection access and navigation
Non-traditional objects

Collection preservation

SNSNANS

v
v o/
4

SNSNANS
SNSASSN
AN
AN

Basic system architecture

Openness

Interoperability and metadata v
Scalability

Availability

Session/workflow management

Security v
Quality v
Digital library administration

SSSN

AN
N
AN
SNSANS
SSNSS

SSSN T SS N SRAN
ANANA NN

AN

User interfaces

Information visualisation v
Personalisation and customisation
Community information spaces
Multilingual and multicultural v
Universal access

Multichannel access

NSNS ENISSSSNNSNSNSNN | S AN

AN NN NN

S S

NS

DN NN
A N N N Y N N

AN

\
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3. Mixzed issues: Finally, there are issues whose nature
is not clean-cut. There is much work that can be
done on them in a generic fashion, but there is cer-
tainly a limit beyond which progress can only be made
by specialised efforts. These issues include those that
were discussed in the context of several activities but
are not purely generic, e.g. collection building, col-
lection access and navigation, collection preservation,
user interfaces, information visualisation, personalisa-
tion and customisation, and multilingual and multi-
cultural support. Essentially, most issues in the con-
tents layer of a digital library system as well as some
that are in the kernel of the usage layer belong in this
category.

If the early myth that all digital library research is by
nature specialised is still alive, we believe there is ample
evidence in the classification above to put it to rest. The
individual research efforts of the past have served the field
well by bringing it to its current level of maturity, at the
current crossroads. It is now time to change strategy and
design and build generic digital library management
systems (DLMSSs) that will have all the key features
that appear fundamental in supporting the entire spec-
trum of digital library functionality as it arises in several
possible contexts. In particular, a DLMS should incorpo-
rate functionality that is related to all generic issues as
well as the generic component of all mixed issues. More-
over, its design should allow for easy integration of sub-
systems supporting the specialised functionality required
by each particular environment. Figure 2 illustrates this

idea by providing a comparative layout of the research
areas in digital libraries and a DLMS.

On a methodological level, the current practice of
individual, independent projects, each addressing both
generic and specialised issues of digital library support,
is inadequate for generic DLMS development. Creation of
systems according to the model of Fig. 2 requires focused
efforts that will develop generic digital library technol-
ogy in its own right and not as an adaptation of tech-
niques borrowed from other disciplines. By factoring out
all issues that appear common to most digital libraries,
these efforts will produce the first generation of DLMSs,
which will be the main building blocks for all future digi-
tal libraries.

Clearly, diversity of needs among different digital li-
braries will continue to require specialised approaches to
specific problems. Hence, the above should be comple-
mented by studies of a host of specialised digital library
problems that remain unsolved or for which the current
solutions are inadequate, e.g. supporting several forms of
rich content or of rich behaviour. This type of work can
proceed independently for each problem, but the results
should eventually latch onto one or more DLMS designs
to give rise to increasingly stronger and richer digital
libraries.

7 Conclusions

What has been identified as the 10-Year Grand Vision
for digital libraries is certainly far from the current state

mixed <«-.-> purely specialised
) e R E
Visualisation XX User Interface E Multi-Channel XX
(specialised) (specialised) ! Access
\ J N J
| | :
A — | ! \
e N
Visualisation ooo User Interface .
(generic) (generic) : ]
L ) L ) purely generic
> .
Management
\
e N s N !
Access o0 0 Preservation E .. .
(generic) (generic) : Digital Library
\ L i Management Systey
) e N
Access eee Preservation i Spoken-Word ee0eo
(specialised) (specialised) E Audio Mgmt
- N J

C] Specialised component D Generic component C] DLMS

Fig. 2. Conceptual framework for digital library management systems
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of the art in the field and may possibly take longer than
10years to achieve. In fact, its realisation would most
likely end the need for any further research, as it would
capture more or less the ideal goals in every aspect of
the digital library world. Even coming close to this vi-
sion, however, will be of tremendous benefit and will im-
ply significant progress on several critical and challenging
problems.

In this paper, we call for a concerted research effort
aimed at the development of generic digital library man-
agement systems. By serving as firm foundations for any
further developments, such systems will accelerate ad-
vances in all aspects of digital library technology. At the
current crossroads of the field, this appears to be the
safest, shortest and most fertile way towards the Grand
Vision.

Identification of a clear goal and of the path towards it
is a major achievement for any scientific community. Hav-
ing made much progress in this direction, those who serve
the field recognise that digital libraries are now moving
far beyond their original intentions, far beyond any con-
notations of the term ‘library’.

The potential exists for digital libraries to become the
universal knowledge repositories and communication con-
duits of the future, a common vehicle by which every-
one will access, discuss, evaluate and enhance informa-
tion of all forms [8]. Furthermore, we see the potential
for digital libraries to become the strongest shield of hu-
manity protecting its historic, cultural and scientific arte-
facts from time, natural disasters, thieves, vandals and
terrorists [11].

The emerging role of digital libraries now calls for
a renaming of the field, as its original name is no longer
appropriate. Besides libraries, it also encompasses digi-
tal archives and museums; it has moved from capturing
just text to dealing with multimedia objects with gen-
eral knowledge, semantics and behaviour often embed-
ded in them; finally, it supports the specialised needs of
very diverse technologies and applications. To capture the
essence of its new identity, the field needs a new identifi-
cation as well. It may be time to move from the digital
library to the

Digital Information REALM
(Resources Entrusted to Archives,
Libraries, and Museums)
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