
20.1 Introduction

Though not precisely defined in current usage, the term digital library is frequently
employed to describe any organized and networked collection of information that is
stored, accessed, and presented electronically. The term commonly refers to large
repositories incorporating some combination of text, graphics, animation, and even
video, accessible either locally or over the Internet, so we might reasonably conclude
the size and mixed media are further elements to throw into the definition pot. But
these are largely computing requirements. As Fox et al. (1995) notes, the term digital
library connotes various images: the digitization of existing libraries, a collection of
distributed information services, networked multimedia, or even collaborative work
environments, depending on who is imagining it. Thus, DLs occupy and indeed create
a social space for users and producers of information, the design of which raises sig-
nificant human factors issues that lie at the core of HCI’s contribution to knowledge.

To understand the excitement of Digital Libraries and the interest they hold for the
field of HCI, one needs only to consider what users can or might do with such
resources. No longer dependent on the physical artifacts of information such as books,
journals, pictures, and so forth, users might access from their immediate environment
information that only exists in another country. Rapid reproduction of the information
enables copies to be made instantly, perhaps for little or no cost, and subsequently
modified, marked up, or dissected to suit the needs and preferences of the user (as
opposed to the intentions of the author or the requirements of the publishers). Beyond
access, users can exploit the technology to search, analyze, and extract patterns from
the information before reporting the results of such analyzes instantaneously to a
worldwide audience of interested fellow users. Multimedia configurations can enable
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modeling and simulations explorable by learners on demand. Filtering software might
tailor both delivery and format of information for you, regardless of your point of
access. In short, Digital Libraries hold forth the promise that information can be
stored, accessed, manipulated, and moved in ways and at speeds that were heretofore
impossible. The implications for designers and users of information technology are
profound. Indeed Marchionini (1999) considers the term digital library to be too con-
straining for what is on offer and suggests that Sharium as a better conveyer of the
potential for such technologies to create shared workspaces for information explo-
ration and collaborative work. For the remainder of this chapter it is worth keeping
such visions in mind whenever the more standard term digital library occurs.

The present chapter is concerned with the application and impact of HCI theories
and methods on the design, use, and acceptance of digital libraries. It is not a review
of existing digital libraries nor even an explanation of how digital libraries work.
Instead it is an examination of how HCI can contribute to the development of better
information technologies, with DLs as the focus of examples. Also, since we are dis-
cussing HCI, my treatment of DLs is user-focused, not technological, which places
this work in sharp relief to most of the DL literature that has emerged to date. As I
will attempt to show, the emergence of DL systems is both a boon and a threat to the
field. The technology’s importance makes HCI central, while the nature and presen-
tation of HCI as a discipline threatens to sideline our findings and methods. My
intention is to point to a future for HCI that maximizes the boon side while overcom-
ing (not just minimizing) the threats.

While digital libraries are at the forefront of technological advances, the HCI con-
cerns are more familiar. Indeed, there are many parallels between the role of HCI in
this domain and the issues faced 20 years ago by HCI researchers seeking to shape
and understand the impact of desktop computing by nonspecialist users. I will return
to this theme later as I look ahead to HCI in the twenty-first century, but for now we
need to establish a context. For digital libraries, that means reflecting back briefly to
the days before digital computing and the roots of the shift from paper to alternative
information technologies.

20.2 Antecedents of Digital Libraries: 
The Ideas and the Evidence

20.2.1 The Major Thinkers

The article most often cited when discussing the origins of the digital library is Van-
nevar Bush’s (1945) “As We May Think.” Bush has been described by many as a
visionary who foresaw the increasing specialization of knowledge workers and a
commensurate need to access an ever-growing collection of information. For Bush, a
means of representing and accessing this information was essential if knowledge was
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to be organized and nurtured. He presented a conceptual design of a system to sup-
port the location, use, and addition of information, which he termed the memex—a
mechanized workstation that would enable retrieval and linking of information.

There are innumerable references and accounts of Bush’s work in the literature on
digital libraries (McKnight et al. 1991; Nielsen 1995) though nothing really improves
on reading the paper itself. I shall not recount more of Bush’s memex here except to
point out that the idea of linking information based on personal meaning to form
“trails” was a striking idea that is now accepted as standard by Web users. Indeed as
Lesk (1997) notes, for 40 years Bush’s ideas of personal associative linking seemed
out of fashion in a worldview dominated by the application of statistical analyzes of
language to computer-based information retrieval. The emergence of the Web and the
demonstrable willingness of users to exploit its linking functions shows how attractive
personal association is to the user community, vindicating Bush’s original argument.

While the conception of the digital library is attributed widely to Bush, he really was
not thinking in digital terms. Others more directly saw the computer as the leverage for
new forms of information technology, among them Ted Nelson and Doug Engelbart.
Nelson is credited with coining the term “hypertext” to refer to the linking and direct
access of information nodes, foreseeing the possibility of networks of information,
accessible from any computer, incorporating everything ever written. He sought the
creation of a “docuverse,” an information structure in which the entire literature of the
world could be linked (Nelson 1988). Calling his dream system “Xanadu,” Nelson
argued that nothing ever needed to be written twice, since a document could be built up
of original bytes and links from other documents. In many details, Nelson clearly
envisaged a worldwide network that has many parallels to our current technology.

Engelbart’s emphasis has always been on augmenting or amplifying human intel-
lect. He envisaged technology as a means of empowering users to perform tasks that
would prove difficult or impossible for them to perform on their own. From the DL
perspective, Engelbart is key, since he envisages knowledge workers interacting
online, with the computer providing the means of storing, accessing, and presenting a
wealth of information on demand. What makes him unique is his recognition that the
exploitation of such a technology might require training or new skill acquisition on
the part of the user.

Writing more directly about hypertext than digital libraries, McKnight et al.
(1991) argued that we can see Bush, Nelson, and Engelbart as representing three dif-
ferent views of information technology that continue to attract adherents today. Bush
advocates information storage and presentation through associative mechanisms that
reflect in some sense the underlying structure of the human mind. Nelson most
directly seems to have envisaged the Web, with users able to access any document
from their own workstations. Engelbart seeks an augmentation environment; the
users of information technologies should be able to achieve more through using
information technology, even if they required some learning or training.

Each of these views resonates with HCI concerns, such as providing direct access
and building tools that are user-centered and cognitively compatible. However, these
ideas could not be directly tested until the technology emerged that more fully
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embodied them. The interaction underlying digital library design and use only began
to emerge once the technology took a form that was amenable to user testing (a com-
mon criticism of the traditional HCI perspective on design also was that it routinely
becomes involved only after a design has been built). For digital libraries, that tech-
nology was hypermedia (a term that I use generically here to include hypertext and
multimedia, the technology that enabled the Web)—the emergence of applications
that enabled the active linking and direct accessing of information nodes within a
larger document or document set.

20.2.2 HCI Enters the Digital Library

Hypermedia technologies emerged dramatically in the late 1980s amid claims for
the death of the book, the advancement of interactive instructional technologies, and
the emergence of a new digital age. I have written elsewhere about the precise myths
underlying hypermedia use (Dillon 1996), but in a nutshell these include the follow-
ing arguments.

� Information could be modeled on the cognitive structures of human
memory.

� Users would be liberated from the tyranny of paper’s linear forms.

� Rapid access to information would automatically lead to better use and/or
learning from hypermedia than from paper.

� Future gains in speed and storage would render any current problems
obsolete (the classic deterministic argument so pervasive in utopian views
of information technology).

HCI researchers immediately began to test many of these emerging applications.
Over the next ten years a stream of empirical investigations compared hypermedia
with paper documents, tested various alternative hypermedia formats, and analyzed
user performance with numerous hypermedia features. Summing up these findings in
1994, I concluded that the experimental findings centered on five basic outcome dif-
ferences—speed, accuracy, comprehension, fatigue, and preference—and two major
process differences—navigation and manipulation. It became clear from these exper-
iments that the claims made for the superiority of hypermedia technologies for infor-
mation tasks were frequently inaccurate. In truth, users, depending on their tasks,
frequently experienced tremendous difficulties with this technology and routinely
performed faster or more accurately with paper. (See Dillon 1994 or Muter 1996 for
detailed reviews of important human factors findings on user performance with digi-
tal documents.)

Just as it might have seemed that HCI was beginning to understand some of the
important variables in digital information design and would be able to impart recom-
mendations to designers, hypermedia creation and use exploded with the emergence
of the World Wide Web. With an uptake rate that outpaced all expectations, Nelson’s
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“docuverse” was given form, and Bush’s “trails” began to emerge. What might have
been once viewed as a standalone technology became a worldwide network, and the
user response indicated a huge demand for the tools to create, search, and link large
dispersed multimedia resources.

As we enter the twenty-first century, the interest in digital libraries is reflected in
major international funding initiatives, well-attended annual conferences worldwide,
and the emergence of dedicated academic journals on the subject. Digital libraries
are being created across the globe, covering subject domains as varied as musical
composition (such as VARIATIONS at Indiana University) to the history of the
United States (such as the Making of America Project jointly developed by Cornell
University and the University of Michigan). But such examples constrain as much as
they illuminate, since a simple search of “digital library” on the Web will likely result
in more output than any user could usefully exploit on topics one barely believed
existed.

From an HCI perspective, much of the literature on DL research is highly techno-
centric. Papers report on how a DL was constructed, how image files were treated, or
how knowledge-based metadata can be extracted, using specific projects as examples.
Users only occasionally raise their heads in such a literature—for example, being
studied in less than a third of the papers published in the latest ACM Digital Library
Conference Proceedings (DL00). However, such a statistic can be misleading. The
power of this technology imparts concerns with ownership, copyright, privacy, acces-
sibility, authenticity, transfer, and permanence—issues that extend beyond the techni-
cal to the psychological, social, economic, and legal domains. Literatures are growing
up around each of these topics so rapidly that one can hardly hope to gain and keep
perspective through a single journal or conference proceedings. Though the labels
might be different, concern with digital information pervades a range of conferences
from educational technology to geographic information systems and from medical
informatics to literary theory. Among the issues raised by DLs, usability and the
human response to digital information, remain key, and for the remainder of this chap-
ter, it is the contribution of HCI theories and methods to DL design, development, and
use that will be my focus.

20.3 HCI Research: From Enabling to Envisioning

In reviewing the last 20 years of HCI research on information design and its applica-
tion to digital library design, and in speculating where current initiatives in might
take us, it seems to me that the field of HCI can be dissected into three somewhat dis-
tinct research emphases. For present purpose let us call them stages of research, each
embodying a set of assumptions, emphases, and methods about what questions are
most important to answer and how we might proceed to answer them. In the sense
that I am speculating on HCI in the twenty-first century, stage three is clearly less
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developed, although the future seems to call for answers to some of the first questions
raised by the earliest thinkers in digital libraries. In the present section I outline these
stages and discuss their various emphases and contributions to shaping our under-
standing of interaction and HCI’s creation of knowledge.

20.3.1 Stage 1—Interface Design 
and the Methodological Tradition

What quite rightly identifies HCI as a distinct emphasis in systems design is its
strong empirical tradition forged in the earliest work of people like Shackel (1959),
Shneiderman (1980), and others who advocated user testing as the best means of
improving the usability of the human-computer interface. Since the 1970s, HCI
researchers have routinely run experimental trials of interface features and published
the results in mainstream HCI journals and conference proceedings, creating en route
a resource for designers and other researchers seeking answers to questions on such
topics as optimum menu depth, screen size, input device, response rate, image qual-
ity, and so on. Like the classic human engineering tradition from which it sprang, this
emphasis embodies the experimental paradigm and research methods of psychology
and related behavioral sciences, treating interface features as experimental variables
to be manipulated and their impact measured. Such work provides the bedrock for
better design, and DL research is still sadly lacking in such formal user studies
(though see Shneiderman et al. 2000).

While feature comparisons have often proved illuminating, a research stream
focused primarily on features is always going to be partial in its coverage, and in the
mid-1980s, a move to couple the approach of user testing to the iterative design of
new systems led to the emergence of “usability engineering” (Gould and Lewis
1985). Advocating an operational definition of usability (usually incorporating effec-
tiveness, efficiency, and satisfaction as dependent variables), usability engineers set
measurable criteria for user performance that any interface must support. User test-
ing is advocated as early and as frequently in the design process as is required to
either confirm performance goals are met, to provide clues as to how the interface
might be redesigned to meet them, or as happens more often, to confirm that the
appropriate scenarios of use are being envisaged and supported.

Usability engineering has proved extremely powerful as a means of bringing HCI
into the design process early on, a classic problem for the field. Yet it would not be
too harsh to describe the approach as fundamentally empirical in nature, eschewing
theory in favor of performance data. As such, usability engineering is concerned less
with why an interface design works than with demonstrating that it does. Landauer
(1991 and 1995) is the most articulate proponent of this methodological approach to
HCI, and he makes an eloquent case for why HCI should pursue the empirical route.
While the pragmatics of his case are seductive, it is my view that we cannot be atheo-
retical as a field, even if we so wished, since the very artifacts we design must embody
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theoretical assumptions no matter how weakly articulated (Carroll 2000; Dillon 1995).
Failing to attend to these theoretical assumptions weakens the initial prototype and
renders interpretation of test findings problematic. Furthermore, HCI has always
sought be more than just about interface design but about interaction. It is against this
backdrop that Stage 2 research in HCI has gained a foothold.

20.3.2 Stage 2—Modeling Interaction: The Theoretical Tradition

It is not yet possible to talk of a complete theory of interaction, and many believe we
will never have such an all-embracing theory. However, as findings on user perfor-
mance accumulated, attempts have been made in the HCI community to broaden and
generalize these data, interpreting them in the light of theoretical positions, usually
incorporated from psychology but also in the 1980s and early 1990s from sociology,
anthropology, and related fields.

While part of this approach has been driven by concerns about collaboration and
distributed cognition and the potential limitations of a narrow cognitivist approach,
theoretical efforts also sprang directly from interface analysts seeking generalized
principles and laws of interaction. This approach has worked best where it has been
constrained to explain specific interactive phenomena rather than the full range of
user responses to information technology. Space precludes a detailed examination of
the range of HCI theories here, but examples of specific phenomena that are theoreti-
cally explicable include the reading speed differences for digital and paper media
(Gould et al. 1987), expert performance speeds for routine (nondecision making)
cognitive tasks (Card et al. 1983), and user performance in menu navigation tasks
(Norman 1992). Even the supposedly complicated dynamics of user acceptance of
new technologies show signs of being partially predictable with current models
(Davis et al. 1989; Dillon and Morris 1996).

While none of these theoretical explanations constitutes more than a localized
model of some facet of human-computer interactions, their emergence and applica-
tion represents a level of maturation in HCI that should not be dismissed. Of course, I
am emphasizing theoretical positions that both predict and explain interactive phe-
nomena. There exists a multitude of theoretical positions that can be brought to bear,
each offering a plausible explanation for some form of human-computer interaction.
But it is the more thorny issue of prediction that separates the useful from the poten-
tially informative or the post hoc rationalization. We are a long way from having suf-
ficient theoretical power to predict many of the user issues that are important to
usable systems design, but we are no longer completely dependent on user testing to
determine the design alternatives we consider. All of the previous examples could
usefully be applied to some aspect of DL design and implementation. Furthermore,
weaker, but no less valuable, predictive power can be derived from case studies and
involvement in design processes, whereby the importance of HCI professionals’ roles
as facilitators, early testers, scenario-generators and task analysts can be confidently
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established and used as estimators of a successful design outcome. It is not difficult
to imagine that twenty-first century HCI will extend and improve its theoretical base
to cover other facets of interaction. In so doing, the move from being an evaluative to
a prescriptive discipline should provide a push for HCI to move on to Stage 3.

20.3.3 Stage 3—Beyond Usability: Enhancement 
and the Design of Augmenting Technologies

While the field continues to seek theoretical explanations of greater power and gener-
alization, there exists a third level of emphasis, one that the field has not yet truly
attained but that remains a goal. I call this stage “enhancement.” By enhancement I
mean to describe HCI’s ability to lead the design of technologies that truly empower
users, to support them in the performance of tasks that would be impossible other-
wise, or to enable users to overcome limitations in their own capabilities that hinder
their development. The term is a very deliberate reference to Engelbart’s call for aug-
mentation, which has largely been ignored in the years since he first advocated it by
HCI’s resultant focus on usability.

While I do not wish to play down the importance of usability, it strikes me that on
its own, usability is really not a sufficiently ambitious goal for this field. If it were, we
should be content to remain an interface design speciality expending effort either
refining our methodological tools to speed up the collection of reliable and valid data
on interactions or devising more localized models of tasks. Certainly this is not a bad
goal, but determining and measuring usability is neither representative of everything
HCI researchers wish to do nor does it encapsulate all that I believe the field can
offer. In a context where technology permeates both work and leisure activities, tradi-
tional notions of effectiveness and efficiency are rightly questioned as potentially
limiting.

As it evolved, HCI sought ways of studying human performance and working
practices at a deep level, trying to understand how tools are embedded more in our
collective practices and how technology might empower users to attain performance
and knowledge gains that are beyond their reach without technical support. While the
plurality of approaches at work here makes it appear to a casual observer that perhaps
such work is either too diffuse or is not really HCI, I would counter that the analysis
of interaction cannot be so neatly bounded to interface concerns, especially if we are
to serve HCI’s primary aim of supporting the design of more humanly acceptable
information technologies.

To grow, the field needs to be more predictive than evaluative in its scope, capable
of contributing to the identification and analysis of usage scenarios where new techno-
logical forms might be envisaged to enhance human capabilities in all spheres. At this
time, it is clear that enhancement is not where HCI has made its major contribution,
and it is difficult to point to examples of research that embody this level of issue. I
remain hopeful, however, that this is the way forward for the field, and writers review-
ing HCI, if it exists at the end of the next century, are likely to see enhancement as a
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defining characteristic of such a field. What is exciting about digital library technolo-
gies is the power they offer ordinary users (who I believe will be the primary drivers of
information technology designs in the next century), and it is this power that I believe
can promote the study of HCI to a new stage.

20.4 Problems with HCI’s Role 
in Digital Library Design

While I have avoided placing too rigid a timeline on the three stages of research, it
should be apparent that they have followed a relatively sequential path, from inter-
face analysis to theoretical models toward, hopefully, the enhancement stage, with
large overlaps. Though, worringly, each new technology seems to induce a recycling
of these stages with minimal attention given to cumulative findings in the study of
HCI. What is exciting about digital libraries is the obvious attraction of such tools to
most users who are exposed to them. People have always been excited by technolo-
gies that bring images, sounds, animation, and text to us, but the ability to explore a
huge reservoir of such information in a manner seemingly unconstrained by cost and
distance is very seductive, and the growth of the Internet is testimony to this fact. The
convergence of the information technology, entertainment, and communications
industries promises a potentially seamless web of information access via the home,
the office, or public space.

The consequences of this attraction are important. Perhaps more than any other
application in the relatively short history of information technology, digital libraries are
truly a technology for the masses. The challenges, then, are enormous. We have here
writ large the familiar problem of gaining resources for interaction issues, while there
are competing demands for resources to address the technical issues of copyright,
bandwidth, cost, service provision, and so on. But there is reason for optimism here.
HCI is accepted as important by anyone who sees a digital library, who watches others
try to formulate a search query or try to navigate a large document space, or who exam-
ines the behavior of people in cyberspace. The potential difficulty for the field is mak-
ing the transition from being seen as studying issues of importance to being seen as
capable of offering the theoretical and methodological means of addressing these
issues in a manner that yields answers (if provided with the resources).

The field’s value, we might thus argue, is self-evident. But doubts remain. The
excitement with which the Web has been received has resulted in a lot of attention
being given to usability and interface design. Yet much of this attention is from
people unwilling to learn about the more than two decades of work this field has
accumulated on interaction. Even where a Web specialist expresses interest in the
history of HCI, it is not uncommon to hear comments to the effect that while those
findings and data are interesting, they reflect interaction with technologies from pre-
Web times, and their relevance is therefore questionable since a new technology
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needs new methods. I receive e-mails regularly asking me if any of the work on
hypermedia has been replicated for Web environments, as if the findings on user nav-
igation and comprehension of linked nodes in a standalone documents are not rele-
vant if the documents are now part of the Internet! In extreme cases it is argued that
the very concept of usability is of little value in a world where browsing and explo-
ration render task effectiveness measures elusive. Colleagues report similar experi-
ences. An examination of commercial and personal Web sites confirms that most of
the HCI findings on screen layout, color combinations, and readability have been
ignored or violated by many designers. In some very real senses, therefore, the Web
has returned the study of HCI to the 1970s, where all new interface features were
considered potentially useful and in need of comparison. In such a climate we must
recognize the problems we face in translating our findings to practice and learn from
the mistakes we have made in not transferring HCI knowledge adequately to design
practice.

20.4.1 Do We Really Know Our Users?

To move forward the field of HCI must package itself in a way that matters to design.
This is not a new issue for HCI, but the stakes have never been this high. There are
many ways we can do this, and some of these we are already doing, such as increas-
ing the opportunities for people to receive education and training in the field and by
publicizing more the importance of usability to technology acceptance, but these are
slow and somewhat passive activities. I am more concerned with how HCI constructs
itself as an intellectual field and, primarily, how it carves up the process of interaction
because it is in this that I believe we face a serious challenge to our wish to have
greater impact.

If we consider, for example, the notion of the user as she exists in HCI texts and is
presented in HCI conferences, we see a disjointed picture. In HCI terms, users are
conceptualized at one of four levels: the physical or psychophysiological, the percep-
tual, the cognitive, and the social. Each level of user response represents a particular
granularity of analysis, with associated theoretical frameworks and methodological
practices. Some have argued this distinction reflects the basic information processing
characteristics of humans (Newell 1993), with each level necessitating different dis-
ciplinary analyzes to be fully understood. Most obviously, the cognitive level is con-
sidered as covering the range of human actions in the timeframe of 0.1 to, at most, 10
seconds. Anything above the upper limit is more appropriately studied by sociolog-
ical than psychological methods. Anything below the lower limit is the purview of
psychophysiology.

While few HCI professionals take such limits seriously, there is a real division in
HCI practice that seems to follow these divisions closely. Interface designers tend
to concern themselves with task analysis and feature design, employing cognitive
psychology’s methods in so doing. Researchers interested in collaborative work are
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similarly wrapped up in frameworks that draw more on social psychology and
anthropology than individual cognition. While there are many exceptions to this rule,
it would seem as if Newell’s carve-up of human activities into time slots really does
reflect some deep division in the ways we conceptualize and study users, even though
such divisions appear arbitrary and prove unhelpful to many designers who seek HCI
advice and input.

Such boundaries are apparent in the way in which HCI research has progressed
and is applied. If we consider the research most obviously applicable to digital
library design, for example, we find rigid partitions. Gould et al. (1987) showed that
reading speed differences between the media were at least partially explicable by
perceptual factors, and one might think this finding would be relevant to designers
and DL analysts. However, many studies of digital library design, while advocating
the HCI mantra of being user-centered, adopt a social constructivist view where
interpretation and negotiated meaning are considered primary, and interface vari-
ables such as image quality are captured only through the comments of participants,
not through any objective assessment of the interface. Indeed, such objective tests
of interface usability are rare in DL work and have even been labeled “positivistic”
(Kilker and Gay 1998). The costs of such stereotyping are high. Poor interface design
will limit access, and collaboration will fail to materialize. But a narrow focus, on
say, physical or cognitive ergonomics can blinker the HCI analyst to simple but
profound issues of access that prevent interaction in the final context. In both cases,
the user’s cause is being advocated, and the designers could certainly claim to be
user-centered in their approach, but the results fail to deliver the usable and useful
technology we all desire because the HCI input has conceived only partial views of
the user.

To be effective, HCI must overcome this problem. And it will only overcome it by
developing a more holistic view of users and their interactions that does not treat
each level of processing, be it cognitive, social, or perceptual, as if it represented all
the important user issues in full. We must be aware of the embodiment of all levels in
any one user—that is, any user exists at each of these levels in one organism and does
not herself make such distinctions in a fixed manner. While there is always a need for
specialist attendance on certain levels, the majority of issues we face in DL design
entail a response from HCI that is multileveled. The divided user perspective is a nat-
ural outcome of our history but, as we move into the twenty-first century, HCI should
rightly be seeking its own representations. Such user analyzes must find room for
user learning and development, the perception of aesthetics, and the role of motiva-
tion—all attributes of users and interactions that tend to be factored out of current
conceptualizations. As the hottest technology in town, digital libraries provide a
medium that is open to such an HCI input, and we should grasp that opportunity for
holism. Digital Library users are physical beings, they are certainly behaving cogni-
tively, and they invariably are engaged in social contexts as they use the tools. Piece-
meal inputs will not yield significant results, and it is the results of our efforts by
which HCI will be judged.
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20.4.2 Variables in HCI Research and Measurement

A second problem we face is the limited range of dependent variables that HCI con-
siders part of its conceptual structure. We have become reasonably successful at sell-
ing usability as an operational and dynamic construct that has certain observable
indices: effectiveness, efficiency, and satisfaction (although within DL circles even
this is not fully understood and usability is often treated not as a dynamic property of
interaction but as a fixed value measured in terms of how many errors a novice user
makes). Usability testers who are trained in HCI analyzes routinely capture these
behavioral and affective measures, aware, for example, that usability cannot be
reduced to one simple data point such as time to complete task or rating of the inter-
face on a Likert scale. While this is certainly an improvement over matching an inter-
face to a set of design heuristics or asking users to state what they like about a new
interface, the operational approach also induces a certain blinkering, leading us to
think always in terms of performance and preference measures for specific tasks.

Where in HCI do we find people measuring variables that answer questions people
outside HCI are asking of us, such as how do we attract users to our resources, and
once there, what might make them stay and use it? What will bring a user back to our
resource again? How do I build an interface that not only allows access but supports a
richer comprehension or appreciation of the contents? These are very real design con-
cerns, which tax us to answer some fundamental questions. What role do aesthetics
play in the interactive experience? What makes material more learnable by users?
Does long-term use of a digital resource affect a user’s ability to read and use paper
documents? Can novices learn from viewing an expert’s construction of an informa-
tion space? How do we determine validity or authority in shared, dispersed, and per-
haps chaotic information networks? The list of interesting questions is practically
endless, but what is most important, it seems to me, is that questions of this kind are
central to any study of interaction but are not easily answered with the currently oper-
ationalized effectiveness, efficiency, and satisfaction metrics. Within hypermedia, for
example, there is an important difference between satisfaction with an interface and
satisfaction with information content, and these may measure very differently in a test,
but few (if any) of the standard satisfaction inventories in existence enable the discov-
ery of this distinction. Furthermore, studies of usability tend not to take long-term
measures either. Yet what faith can we place in data that reflects only early learning or
exposure to an interface? We know users change over time, but our experiments and
usability tests are dominated by a once-off assessment of performance. While current
measures are useful, they are not the only measures we could take, and they are not the
only measures that would be useful to us as we seek to exploit the potential of digital
technologies.

The role HCI plays in the future of DLs is partly dependent on our own ability to
step outside and see ourselves as contributors. Regardless of when we start the clock,
any review of HCI’s twentieth-century contribution to technology design can only be
seen as piecemeal and reactionary. I believe it could not have been otherwise, but I
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also believe it can be different in the future. In the final section I wish to outline a
somewhat more ambitious plan for HCI and to point to at least several paths that
might lead us to make an improved contribution to information systems design and
implementation.

20.5 Extending HCI’s Remit with DLs

While I have no doubts that HCI is vital for the future exploitation of DL technolo-
gies, I am equally sure that DLs are important for the development of HCI. One rea-
son for my optimism on this front is the sheer necessity of studying interaction in DL
environments. The ubiquity of Web technologies alone ensures that attention from all
quarters is focused on what people do online. We can extend this to concerns with
technology in the classroom, the ability of cranks and extremists to access, share, and
proliferate information and viewpoints, the value of digital information to organiza-
tions, the shifting nature of mediated communication over time and distance and so
forth. Everywhere we look the impact of information technology on some human
endeavor is of interest. In such a climate, HCI is pushed center stage, and even if the
label “HCI” is not attached, the issues that define our field will remain crucial. In the
twenty-first century, people will be studying HCI regardless of whether they call
themselves usability engineers, information architects, or user experience analysts.
As a field we are likely to find our approaches, theories, and methods sidelined unless
we engage such issues head on.

In this section I outline several specific research questions that HCI is called upon
to answer in the domain of DLs. This is clearly not an exhaustive set but a sampling
of issues. What I attempt to show with each one is that not only could HCI make a
difference here but that each issue affords HCI a chance to extend its analysis beyond
usability to enhancement and, in so doing, to extend the remit of the field to the full
range of human issues surrounding information technology.

20.5.1 The Multimedia Mix and Match

At a basic level, DL interfaces require the smooth blending of multimedia. There is
an inevitable HCI challenge here to understand the best means of incorporating video
with text or sound with images. These are classic HCI issues that we have the meth-
ods to tackle and resolve. However, embedded in this topic is a set of concerns that
relate to more than layout or screen real estate (important as such topics are in deter-
mining the quality of the interactive experience).

If we accept that layout and interlinking are important issues, then it is but a
short step to recognizing that information design impacts the ability of the user to
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comprehend the display, to recognize patterns and relationships in the material being
presented, and to explore these relationships with tools for filtering, exploding, and
reconfiguring the display. It is not enough that we think about efficient access to a
digital resource. As HCI professionals we need to be at the forefront of envisioning
means of manipulating information that enable users to extract meaning. To do that
requires us to examine seriously the manner in which users learn and comprehend.
And it is not enough that we draw on the existing models we have of text and graph-
ics processing. The power of this new technology to mix multimedia in real time
introduces the possibility of creating information forms that have never existed for
users such as immersive environments linking sound, graphics, video, and text in
instantly reconfigurable forms from heterogeneous sources. Might we want to con-
sider preconfigurations for user types? Are there information overload concerns to
address? Again, the questions are potentially endless, and people will turn to HCI for
guidance. Our current approach to usability engineering will not be sufficiently able
to guide us here, and we will need to extend the range of variables we measure to
include deeper measures of active cognition.

20.5.2 Digital Genres and the Perception of Information Shape

As we start to examine meaning and representation of content, it becomes harder to
think only in terms of individual users. We know that human communication is pat-
terned and regular, even when it appears chaotic, and humans learn the complex rules
of communication over time in both general and specific contexts. These rules are
shared across users through discourse communities who evolve shared representa-
tions that support access, location, comprehension, creation, and linking of informa-
tion structures. Communication is full of subtle cues that participants attune to over
time, and it is only in their absence that we tend to notice the importance such cues
have for successful interaction. We see the emergence of these cues in such e-mail
protocols as not shouting (using all capitals) or the liberal use of quotation marks as
contextualizers for new comments. Future HCI is likely to study how such rules and
patterns give rise to communicative acts that are comprehensible, and this could
unlock clues to what renders information spaces navigable by meaning as much as by
physical landmarks, since we must inevitably break down the division between
semantics and spatiality.

The new technologies will give rise to new genres of information that only exist
digitally. Indeed, it seems to have already done so (Dillon and Gushrowski 2000). We
may be able to influence the form of such genres so as to optimise their value to users
and to speed up their emergence. Tools that support the reconstruction of documents
tailored to the reader depending on their knowledge and interests might derive vari-
ous genre forms from the same underlying information units (Graham 1999). Where
genres reflect sociocognitive compatabilities of communities of practice, they might
provide clues to future designs, thereby serving an enhancement role in our design
activities rather than evaluative one.
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20.5.3 Learning, Education, and Instruction

One unfortunate characteristic of twentieth-entury studies of HCI has been the parti-
tioning of the field and the resultant exclusion of certain key topics from the direct
concern of HCI. I consider the domain of instructional technology to be central to any
informed study of human-computer interaction, addressing as it must issues related to
information layout, sequencing, formatting, and mixing for user comprehension.

The poor showing of educational technology in much of the research on learning
outcome is in part due, I believe, to the shortcomings inherent in most instructional
technology designs (see Dillon and Gabbard 1998 for a review) Not only could the
field of HCI prove highly applicable to instructional technology design, but by open-
ing HCI up to the concerns of instructional designers we will surely address core
issues of concern to users and designers of much twenty-first-century information
technology. Furthermore, DL initiatives demand this of us. It is not acceptable to
those funding or implementing large DL initiatives that we partition their problems
into issues that fit our existing strengths—that is, HCI professionals cannot just say,
“We only deal with usability.” The positive impact of DLs on user learning is a major
promise of this new technology. In a culture that is increasingly seeking new ways of
improving education, of providing training and lifetime learning opportunities to
greater numbers of people in dispersed locations, HCI needs to be able to tackle this
topic directly. I believe there is tremendous scope for HCI to study and impact
designs for instruction, and, indeed, the work has already started (see Carroll 1998 on
minimalist instruction), and the payback for us will not only be increased involve-
ment but a richer domain of inquiry that affords intriguing possibilities for new theo-
retical directions.

20.5.4 “Intelligent” IR

In an ocean of information, the ability to retrieve information on demand is undoubt-
edly important. While this is in many ways an old concern of information scientists,
it is only a relatively new one for HCI researchers. Users will not formulate complex
Boolean searches, and they will be completely frustrated by hit rates that fail to dis-
criminate among search results. The technology for filtering is improving, and asso-
ciated issues of user modeling might enable us to create profiles and search engines
that are more personalized and relevant. If nothing else, this is a rich vein for HCI to
mine, but I suspect that the future will require even more imaginative responses from
this field.

The opportunity to devise technologies that tailor their delivery to our needs, be it
through know-bots, agents, filters, or search engines, challenges the field to under-
stand user requirements for information over extended periods of time. In a world of
ever-expanding information availability and ever-improving technical capabilities to
locate, present, and indeed modify information, how do we deal with the inherent
desire of users to limit and filter? Will we end up with the level of specialization that

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43 S
44 N

Extending HCI’s Remit with DLs 471

28036 05 pp. 419-508 r1ah  6/22/01  10:53 AM  Page 471



first worried Bush into conceiving the memex, while at the same time enabling the
free access to information as and when desired? Are we able to reconcile these two
apparently contradictory demands in a single technology? Any answers to such ques-
tions, it seems to me, rely on better understanding of HCI.

20.5.5 Ubiquity (or “We want Information Where We Are”)

The desktop is not dead, but it has spawned a family of alternative workspaces that
augment it, sometimes replace it, and certainly transform it. The revolution in per-
sonal digital assistants (PDAs) had its birth pangs but seems to have found a trajec-
tory that people enjoy. The argument is less about desktops and locations but is better
understood as information access. That is, we want information where we are (less
“wysiwyg” and more “wwiwwa”). Why own a home theater, an audio system, a
home PC, a laptop, and a PDA (not to mention a watch—all that hardware just to tell
the time!—a calculator, cell phone, etc.)? How about using walls as screens, specta-
cles as navigation systems, and access to e-mail from public resources as common as
fast-food restaurants on the noninformation superhighway?

The point here, of course, is that HCI has always advocated technology as a
means, and the greatest liberations will come from freeing us from the need for mul-
tiple workstations with their commensurate physicality. The ideal might be some-
thing like an accessible DL that could be voice activated from anywhere, using
whatever physical hardware is present to project a screen, offering a personal portal
to the online world, shareable on demand, and, of course, suffering no download lags
or “out of range” messages. Or the ideal might be something very different, but one
thing is sure: It will be different than what we have now. Do we allow enough space
for such tools to emerge from our analyzes of users, tasks, and work contexts? If not,
that might tell us something about what we should be asking as HCI specialists.

Conclusion

These are just some of the interesting challenges for HCI. Personalization, portabil-
ity, and ubiquitious access hold promises and problems for us. Induced by develop-
ments in DL technology, HCI is invited to influence information systems design on a
scale that is unprecedented. The challenges to provide reliable, valid, and timely
inputs throughout the development life cycle of these technologies are exciting, but
what we may create, as a result of this work, can only be imagined. HCI will thus
need visionaries as much as evaluators or, ideally, both tendencies wrapped up in
the one professional. Am I falling prey to millennium optimism with this view of a
new HCI—theoretically rich, ethically aware, engaged openly and repeatedly in the
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conception, design, and implementation of information technologies that enhance
human capabilities to learn, locate, and synthesize information? Of course I am, but
the reality might just be closer than it seems.
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