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W

hat are digital libraries, how should they be designed, how will they be used, and what
relationship will they bear to what we now call “libraries”? Although we cannot hope
to answer all these crucial questions in this short article, we do hope to encourage, and
in some small measure to shape, the dialog among computer scientists, librarians, and
other interested parties out of which answers may arise. Our contribution here is to
make explicit, and to question, certain assumptions that underlie current digital
library efforts. We will argue that current efforts are limited by a largely unexamined
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and unintended allegiance to an idealized view of
what libraries have been, rather than what they actually are or could be. Since these limits come from
current ways of thinking about the problem, rather
than being inherent in the technology or in social
practice, expanding our conception of digital
libraries should serve to expand the scope and the
utility of development efforts.
We will take a work-oriented perspective [5,7] on
libraries—a perspective from which observations
of people’s actual work is used to critique
and guide technology development. We
begin with a simple framework,
derived from Yates [17] which
highlights three crucial aspects of
libraries (see Figure 1).
Documents: While there are
many types of libraries—
including national, corporate,
documents
community,
and
school
libraries—all libraries seem to
share at least one property: they
house and provide access to collections of documents [13]. We
use the term “document” in the
broadest sense, to denote all enduring
communicative records, including paper
materials, electronic files, videotapes, and
audiotapes.
Technology: Documents are communicative artifacts,
and as artifacts (literally, “made with skill”), they
inevitably require technology to be
Figure 1. Three percreated and maintained. Handwritspectives on libraries:
ten grocery lists, printed books, and
the collections of docmovies on videotape are all based
uments they house,
on technologies that have required
their enabling techhuge investments of human intellinologies, and the work
gence and labor to be realized. Traconducted through,
ditionally, libraries have been
in, and by libraries.
principally associated with the technologies of the book—paper and
print—but they also make use of many others as well,
such as microform and audiotapes.
Work: Were we to talk only about collections of documents and the technologies through which they are
realized, we would miss the most fundamental element
of all—the actual work done by library users, as well as
the work done by library personnel in support of them.
We might call these two types of activities research and
service, respectively. Without understanding the forms
of research toward which a library is oriented, we could
not understand how its collections are selected and
organized; and without understanding its internal services, we could not understand how collections are
maintained or how users’ research is supported [3].
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This framework places work on a par with documents
and technology as a legitimate domain of investigation
and source of innovation. By a work-oriented approach
to digital libraries, we do not mean an approach that
focuses solely on people’s work, but rather one that evaluates library collections and technology in relation to
the work that is being done with them.
Assumptions About Digital Libraries

What are digital libraries? In what ways will they
be like today’s libraries—and in what ways
unlike them? We believe that the current conception of digital libraries is
derived in large measure from a
widely held idealization of
work
libraries, which might be called
“the traditional library,” or perhaps just “the library.” This
idealization is not so much
wrong as incomplete—a simplified and simplistic image of
the local and academic
libraries most of us have used
throughout our lives. By failing
technology
to question this idealization or to
acknowledge the ways in which the
current conception of digital libraries
is based on it, we risk creating digital
libraries that are unnecessarily limited, and,
in the worst case, entirely fanciful and unusable.
We will next examine three characteristics digital
libraries are assumed to have (Figure 2)—characteristics of their collections, of their technologies, and
finally of the work they are meant to enable.
1. Documents: Digital library collections contain fixed,
permanent documents.
Two important characteristics of documents and
collections of documents [9] are:
• Rate of change: Over a given period of time, a
document may be fixed (unchanging) or fluid
(changing). Printed books are typically fixed during their useful lifetime, while address books and
personal calendars are more fluid.
• Duration: A document may have a long or short
useful lifetime—that is, it may be permanent (of
long duration) or transient (of short duration).
Books typically have a long lifetime (quasi-permanent) while Post-it® notes have a short lifetime
(highly ephemeral).
Although often conflated, these are independent
dimensions. Thus, a Post-it note may be unchanging
during its very short lifetime, while a favorite cookbook may be subject to much change (i.e., through
annotation) over many years of use.
Our idealized image of a library imbues it with
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qualities of fixity and permanence [15]. This is hard- materials, just as traditional libraries have contained
ly surprising, since the library is considered to be the books—that is, materials based in the technologies of
Home of the Book, and books are by and large one of paper and print. But, in fact, traditional libraries have
the more fixed, more permanent types of documents. long contained a diversity of technologies and media;
This association seems to have been carried straight- today these include film and video, microfilm and
forwardly and unreflectively into specifications for microfiche, vellum and papyrus. Why should we
digital libraries. Many proposed or actual projects are expect digital libraries to be any less heterogeneous?
oriented toward the management of relatively fixed,
The tacit assumption is that digital libraries will conrelatively permanent collections (e.g. Cornell’s Class tain only digital material. There are two ways in which
project [1] or ARPA’s CSTR program1). Even this could come to be true: if digital-only libraries came
Carnegie-Mellon University’s Informedia Digital to exist independently from nondigital libraries or if all
Video Library project (see Stevens et al. in this issue), libraries came to be digital. Today, given the huge
which is concerned with time-based media, appears amounts of paper in use, the only
to be oriented toward the access and management of way to create digital-only libraries Figure 2. Three
relatively unchanging, archival materials.
would be to construct them assumptions underlying
But the reality of current library collections stands specifically to exclude nondigital current digital library
in marked contrast to this idealization. Libraries have materials. In the short run, this efforts.
always contained materials other than books. Special would mean that digital-only and
collections and archives are filled with unbound and nondigital libraries would coexist, side by side, in effect.
handwritten ephemera—correspondence, pho- But in the long run, all libraries could be digital-only if
tographs, and so on. Moreover, nothing in the nature the vast archives of paper documents were digitized
of digital technologies mandates that digital libraries and all newly created documents were in digital form.
should include only rarely changing, long-lasting docWe question both of these scenarios. While no one
uments. On the contrary, the ease of modification can actually predict future paper use, it seems unlikeafforded by digital technologies means there
ly that paper—so flexible, portable, inexpensive,
are, and will be, whole classes of digital
and easily annotated—will simply go away.
documents that do not fit the tradiIt is unimaginable that the entire contional profile for library inclusion.
tents of our libraries and archives
To what extent do we want to conwill ever be digitized—not just
sider collections of listserv mesbecause there is too much paper,
work
sages, wire service articles,
but because libraries contain
Digital library
collections
preprints, and other quickly
materials that do not naturally
Digital libraries
contain fixed,
changing and/or ephemeral
lend themselves to digital repare to be used
permanent
by individuals
documents as appropriate
resentation, such as the gifts
documents
working alone
materials for digital libraries?
from heads of state to be
documents
It is also worth noting that
housed in the George Bush
assumptions of fixity and perPresidential Library. (The
manence are likely to creep
boundaries
between libraries,
Digital libraries
unseen into other corners of the
museums,
and
archives,
are based
technology
on digital
digital library apparatus, even
although intuitively clear, are not
technologies
where people are explicitly trying
so easy to draw in practice.)
to deal with fluid, ephemeral materiWe are then left with two possible
als. Thus, current library cataloging pracfutures. One is that digital-only libraries
tices are very much directed toward slowly
and nondigital libraries will coexist. The
changing materials and do not deal well with versions other is that libraries will contain digital and nondigor custom documents. Current attempts to “catalog ital material—in which case “digital library” is a misthe Net,” for example, are largely based on these nomer, and certainly not synonymous with “the
existing practices and are unlikely to be sufficient for library of the future.” In either event, we can expect
more fluid, transient materials [10].
we will continue to deal with a broad range of heterogeneous materials, including those outside com2. Technology: Digital libraries are based on digital tech- putational reach. A narrow focus on digital
nologies.
technologies is unlikely to be sufficient.
Nothing would seem to be more self-evidently true
than that digital libraries will, and should, be based 3. Work: Digital libraries are to be used by individuals
on digital technologies. It is an unquestioned working alone.
assumption that digital libraries will contain digital
What about the work that users of libraries do
(research) and the work that librarians do to support
1 http://cs-tr.cs.cornell.edu/info/cstr.html. ARPA-sponsored CSTR project
their users (service)? In both of these realms the prevaCOMMUNICATIONS OF THE ACM
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lent image is of solitary work—the scholar cloistered
with his or her materials, the librarian walking the
labyrinthine stacks. Either implicitly or explicitly,
much of the current work on digital libraries assumes
this idealized model of use: the lone researcher sitting
at a workstation, browsing, scanning, searching,
retrieving, reading, and writing. Yet this idealization is
at odds with observed work practice in a range of settings (e.g., [6, 12]). Libraries are meeting places where
joint research is carried out; research is a highly col-

collection and its use. But even where the end user
has not been forgotten, there may still be a tendency,
as we have already suggested, to idealize users and
uses, projecting or inventing an incomplete or even
inaccurate picture of the real work being done.
A partial antidote to these tendencies is to take a
work-oriented perspective: to focus directly on the
user community and to use ethnographic techniques
[2] to observe the work being done and the documents and technologies that support it. We turn now

The highest priority of a library, digital or
otherwise, is to serve the research needs
of its constituents.
laborative activity, even if this is not officially acknowledged. Service work is highly collaborative, too:
collections are maintained through the joint efforts of
library staff participating in a broader community.
Even information-seeking, the digital library activity
apparently most consistent with the idealized image of
solitary work, is more collaborative than generally realized. People seek information by communicating with
members of their communities; they look not only for
materials and specific answers, but for corroboration,
new interpretations, and new methods of finding
information. We have observed this in our own use of
the Internet, where even the simplest of informationseeking activities, such as viewing a remote document
whose address we already have, sometimes involves
consultation with colleagues on site as well as email
communication with distant, possibly unknown consultants. All this suggests that support for communication and collaboration is as important as support for
information-seeking activities and that, indeed, support for the former is needed to support the latter. If
the exploding use of the Internet has shown anything,
it is that users want communication at least as much as
they want information access [16].
A Work-Oriented Perspective: Information Analysts

The highest priority of a library, digital or otherwise,
is to serve the research needs of its constituents. The
development, maintenance, and extension of its collection and its technologies must be supportive of,
and subordinate to, this primary objective. Still, this
priority may at times be lost in the midst of more
immediate, and apparently more pressing, tasks.
Among librarians, there is sometimes a tendency to
focus on collection acquisition and maintenance and
to lose sight of the library’s role in supporting the
community’s research. Among technologists, there is
sometimes a tendency to focus on the details of technology implementation and maintenance, losing site
of technology’s instrumental role in supporting the
80
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to consider one community of users, a group of information analysts we have worked with for a number of
years [11]. These analysts work for government agencies in which they are responsible for analyzing and
making sense of complex situations in the world in
order to respond to research requests of policy decision-makers. They communicate their understanding
to policy-makers and others, largely in the form of
written reports. We have found the analysts to be an
excellent source of insights into libraries because
their work is so dramatically research-intensive.
The particular study we refer to here consisted of
a series of informal workplace interviews with analysts, their managers, information assistants (retrieval
experts and database builders), and several technology providers who develop systems and software for
the analysts. The analysts we interviewed were members of two organizations, each in a different physical
location. Interview topics included questions about
the analysts’ physical setting (the organization of
materials, people, and technology in their offices);
the electronic and paper documents they retrieved,
scanned, read, and wrote; the systems and software
that were available to them and that they used; and
some aspects of their social setting—how they worked
together and functioned within their organizations.
The study reveals how, in at least this case,
researchers engaged in highly information-intensive
tasks use a broad range of materials, many of which
fall outside the narrow bounds of idealized library
collections. It also reveals how, in using this range of
materials, they create more fluid, transient, and
nondigital materials, constructing and maintaining
local collections, which can then be shared with others. Finally, the study highlights the role of informal
collaboration and communication in performing this
kind of work.
First, let’s consider the kinds of documents the
analysts use in their day-to-day work. Analysts are
voracious, pragmatic readers. They not only have spe-

Digital
cific assignments to complete; they are also more generally concerned with keeping up on the literature in
their areas of specialization. In addition to using traditional library materials like books and journals in
their work, analysts access commercial online information services like Dialog and Nexis. They also
receive a continuous flow of email, cable traffic,
newswires, and internally published journals made up
of their colleagues’ reports. Further reference
resources may be drawn from other analysts’ extensive files; these resources, while they may appropriately be thought of as comparable to library
resources, are personal and local. Thus, an analyst’s
sources may range from the public archival materials
we currently associate with libraries, through internal
publications and shared collections, to personal files,
collected, organized, and annotated for individual
use. Moreover, these materials are a heterogeneous
mix of digital and nondigital media.
Who maintains these materials? Information
providers acquire and maintain materials at one end
of the spectrum, and at the other end, individuals
take care of their personal collections. But we have
also observed an interesting middle ground: reading
rooms—physical places set up to hold collections of
reference materials that act as a resource for a group
of analysts. They are not quite libraries—they are not
usually organized according to library conventions,
and their maintenance is frequently left to their
users—but neither are they quite the same as an individual’s files. Like an individual’s paper or computer
files, reading rooms are a locally constructed, locally
available, locally controlled and maintained resource.
Like libraries, reading rooms contain archival materials, journals and reports, which are, or course, limited in scope and more highly tailored to the tasks of
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Analysts generally do not take notes by writing their
observations down on a separate sheet of paper or in a
text editor (although under pressure they may combine the activity of reading source materials with the
concomitant activity of writing a new report). Instead,
they mark on the documents themselves. In the case of
books, photographic imagery, and paper archival
materials, they do this marking in a nondestructive
way—they use Post-its and stick-on signals (little colored dots). In the case of digitally delivered documents, they print copies and use them to contextualize
notes. They highlight segments of text (sometimes
whole paragraphs) and they scribble marginalia, sometimes noting where what they have seen in the text differs from what they would expect to see (“Not true!”).
They also print automatically marked text, documents
retrieved from databases that have the keywords that
triggered retrieval or filtering explicitly marked (usually underlined). These marking practices increase the
value of the documents to the analysts and form the
basis for their personal and shared files.
In spite of organizational efforts to make all
sources available through digital means and all composition and final production digital, analysts still
make extensive use of paper as the principal interpretative medium. Documents retrieved from digital
sources, even when they are used as the substance for
a digital product, are frequently printed during the
course of their use. It seems that from the point of
view of this user community, paper is a valuable medium for recording many types of annotations not readily recorded in a digital medium. It is also
manipulable in a manner that is not afforded by digital documents: analysts can express nuances of
meaning by simply juxtaposing paper documents on
their desks. It is common for analysts to spread out

In spite of organizational efforts to make all sources available
through digital means and all composition and final
production digital, analysts still make
extensive use of paper as the principal
interpretative medium.
their immediate constituency. It is through reading
rooms that we see the most direct connection
between products and sources—analysts’ reports are
made formally available and can become sources for
other analysts; materials move in and out of the reading room with some regularity.
What do analysts do with these materials once they
have them in hand? We found that annotation is a key
means by which analysts record their interpretations of
a particular document; in fact, annotation often acts as
the mediating process between reading and writing.

their working papers over every available surface and
to shuffle them around to reflect various alternative
organizations (for example, chronology or subtopic
categories). While the digital technologies the analysts use afford desktop-like manipulation of documents, in practice, for many reasons, analysts find
nondigital media and real, physical, 3D spaces a more
convenient way of working.
Practitioners of information-intensive intellectual
work mostly will, if asked, assert that they work alone,
discounting both their own reliance on their peers
COMMUNICATIONS OF THE ACM
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and the contributions they themselves have made to
the work of others. Yet observation of their work
reveals many kinds of collaborative practices, most of
them informal and most of them institutionally unrewarded. Analysts working in different media (one in
the scientific literature, another in satellite imagery)
might confer over the phone, looking for corroboration of an interpretation or asking, “What do you
make of this?” Occasionally these informal collaborations grow into coauthorships, in which the analysts
write a report together, usually by passing drafts back
and forth. But more commonly, informal collaborations remain just that, and are an underappreciated
part of intellectual work.

A

nalysts also share interpretative
structures and partial interpretations of documents through mutual access to a set of files; one
person’s files are another analyst’s
well-tended and well-shepherded
reference library. Occasionally, a
group of analysts covering a shared topic or area will
gather materials into a structured database or shared
filing cabinet to be referred to by a whole group.
More often, the materials they share are just those
they’ve pulled out of an information resource and
filed individually (sometimes in a container as informal as a shoebox). They rely on each other to act as
librarians in this situation, evaluating the authority of
and providing access to collected materials. Analysts
are usually aware of the kinds of materials they can
rely on each other to collect.
The work of information analysts thus clearly
shows how a broad range of materials (fluid as well as
fixed, transient as well as permanent, paper as well as
digital) are used in a collaborative fashion. For people performing this sort of information-intensive
intellectual work, a digital library, narrowly construed, would be highly inadequate if it were the sole
or the primary information source.
We can reach this same conclusion through another route by focusing on the materials analysts create
and share locally. Imagine, for the sake of argument,
a future world in which all the analysts’ primary
sources were somehow available in all-digital libraries
of fixed, permanent materials. They would still need,
as an essential part of their analytic work, to create
locally annotated and otherwise modified versions of
these primary sources. Some of these more fluid,
more transient materials would find their way into
locally maintained and shared collections. In other
words, the use of digital library materials would create, in effect, a ring of fluid, transient, and nondigital
materials immediately outside the bounds of the digital library. Although this material would lie outside
the digital library by definition, users would clearly
want support for managing its relations with the
82
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library collections from which it was derived. Thus,
the problem of integrating this nonlibrary material
would remain. Might we not be better off drawing the
boundary more broadly from the start, in which case
the issue is not digital libraries as separate entities,
but libraries that encompass a broad range of materials, digital and nondigital alike?
Some Implications for Research
and Development

It might be argued that we already have just such an
expanded conception of digital libraries in the Internet and the World-Wide Web. While there is some
truth to this, it misses several important points: First,
the Net and Web technologies may well be useful as
part of a library infrastructure, but an infrastructure
in and of itself does not constitute a library. Second,
if we include the materials on the Net/Web—the
content, that is—these do not constitute a collection,
at least not in the sense of a selection of items organized for a particular clientele; it is a bit like calling
all the books published by American publishers a collection. Third, the Web and the Net lack the crucial
institutional services, such as collection development
and cataloging, by which collections are stabilized for
ongoing use. Finally, there has thus far been little
attention to the integration of digital and nondigital
material. None of this argues that the Net/Web infrastructure cannot or should not be used in the construction of digital libraries; but rather that the
Net/Web is not in and of itself a digital library in any
interesting sense.
What additional work, then, needs to be done to
broaden the scope of digital libraries research and
development to take into account some of the issues
addressed here? We will briefly mention four:
Media integration: The continuing use of paper and
other nondigital materials challenges us to effect a
rich integration of media. How must our protocols,
our naming schemes, our search procedures be
broadened if some of the references are not—and
will never be—in digital form? How must our document architectures be modified to accommodate
hybrid documents, parts of which are in digital form
while others are on paper?
Versioning: Current commercially available digital
versioning schemes are inadequate for many document-intensive tasks. Computer operating systems,
for example, provide little or no help in keeping
track of versions of files or documents. To date, far
more attention has been paid to version management
in CASE tools to support software development than
in document management systems. One community
where research on versioning is active is the hypertext
community [14]. If future collections will include
more fluid and transient material, as we expect, then

Digital
richer schemes for naming, finding, and manipulating versions will be critical—all the more so if collections include hybrids of digital and paper forms.
Tools for collaboration and communication: If library
use is highly collaborative, then the tools we provide
must not make unwarranted assumptions about single-user browsing and access. Tools will be needed to
support a range of collaborative activities, such as
shared annotation and the maintenance of local subcollections of materials, as well as the communicative
behaviors that underlie all work practice. Email, for
example, has already proven to be an essential tool
for users of the Web. While there has already been
much discussion of the role of intelligent agents [4]
in supporting information access, little attention has
been devoted to the additional tools that human
agents—e.g., on-line reference librarians—would
require to provide service over the Internet.
Service practices: In addition to developing technologies, digital libraries will also need to develop
new work practices and procedures to handle the cataloging and maintenance of digital collections.
Librarians are already investigating whether existing
library practices, largely designed to handle books,
can be extended to deal with digital materials, or
whether radically new procedures will be needed [8].
This is one area where librarians and computer scientists will need to work closely together in order for
technologies and practices to evolve harmoniously.
The Future of Libraries: Conservation
and Innovation

So what will digital libraries be like? It is too early in
the process of speculation, imagination, research,
and development to answer this question. But whatever they turn out to be, they will inevitably share
many properties with current libraries and will differ
from them in innumerable ways as well. In technological and social change there is always an interplay,
a tension, between the forces of conservation and
innovation. Cultures and communities do not, and
should not, let go lightly of structures and practices in
which they have invested heavily. The task in the years
ahead will be to decide which existing practices and
structures to cast off and which to retain, and which
innovations to reject or adopt.
The current direction in digital library research
and development is, we believe, quite conservative
and in some respects either unnecessarily or inappropriately so. Certain features of existing libraries
are being unreflectively conserved, as are certain features of an idealized and unreal past (if it is appropriate to use “conservation” for the holding to a
misperception). The current focus on fixed, permanent materials can be traced to a preoccupation with
books as the central elements in and the organizing
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principle behind earlier libraries. The singular focus
on digital documents parallels an imagined homogeneity in today’s libraries. It corresponds more to
myth than to reality. And a focus on the individual
holds to an idealized image, a fiction, of scholarship
as solitary work. But to point out these limiting
assumptions is also to point beyond them to a larger
field of research and development. Digital technologies offer the possibility of creating and managing
more fluid, dynamic documents and sharing these on
a scale previously unimaginable.
The academic and public libraries most of us have
grown up with are the products of innovation begun
approximately 150 years ago.2 We would find libraries
that existed prior to this time largely unrecognizable.
It is certain that the introduction of digital technologies will again transform libraries, possibly beyond
recognition, by transforming the mix of materials in
their collections and the methods by which these
materials are maintained and used. But the better
word for these evolving institutions is “libraries,” not
“digital libraries,” for ultimately what must be preserved is the heterogeneity of materials and practices. As
library materials and practices of the past have been
diverse—more diverse than idealized accounts
allow—so they will no doubt remain in the future.
Library developments ought to be grounded in a
solid understanding of past and present practices.
Without this, we risk losing still relevant structures
and practices while maintaining an allegiance to
mythical and irrelevant features of an unrealized past
or an idealized present. But to understand and take
account of the realities of practice does not mean to
be overly constrained by them. On the contrary, seeing things as they are can provide abundant opportunities for grounded innovation. Doing this, however,
will require collaboration among technologists,
librarians, and library users, as well as other relevant
constituencies.
To participate most fully, librarians will need the
help of technologists to better understand the possibilities being created by digital technologies, and
technologists will need the help of librarians to
appreciate the richness of traditional librarianship
and to identify the aspects of it that are most relevant
to the continuing evolution of libraries. Both of these
groups must find ways to attend to the needs of multiple communities of users. There is a lot to talk
about... and a lot to learn.
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