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providing individualized assistance to stu-
dents.?

The driving force behind the advance of
information technology has been the de-
velopment of faster, smaller, and cheaper
electronic devices, which can be used to
produce machines with greater capabilities
for manipulating and processing informa-
tion. These machines have in turn inspired
the production of more powerful and im-
aginative programs and solution techniques
(computational methods or algorithms) for
solving problems that would be intractable
without this new computational power. The
availability of increased computational
power, in turn, has enabled the design of
new computer hardware and software, pro-
ducing a snowball effect in which each new
generation of system facilitates the design
of its successor. This process can be ex-
pected to continue until designers reach the
fundamental limitations of physics and ex-
haust all technological alternatives, which
does not appear imminent. An improve-
ment in computational power of six orders
of magnitude (a factor of a million) over
the past two decades can be attributed to
roughly equal improvements (three orders
of magnitude each) in hardware and soft-
ware.? It is not unreasonable to expect a
comparable improvement to occur over the
next two or three decades. As a result, in
the next few decades an unimaginable
amount of computational power will be
available to scholars. This capacity com-
pels the archival profession to determine
the implications of the use of information

USee Miall, Humanities and the Computer, 4; and
Jean-Claude Gardin, ““The Future Influence of Com-
puters on the Interplay Between Research and Teach-
ing in the Humanitics,”” Humanities Communication
Newsletter 9 (1987): 17-18.

#Grand Challenges: High Performance Computing
and Communications, The FY 1992 U.S. Research
and Development Program, A Report by the Com-
mittee on Physical, Mathematical, and Engineering
Sciences, Federal Coordinating Council for Science,
Engineering and Technology, Office of Science and
Technology Policy (1991), 14-15.

technology by scholars for conventional ar-
chival practices.

Although the future evolution of infor-
mation technology is fairly predictable in
broad outline, predicting precise details of
how the technology will evolve is more dif-
ficult. For our purposes, however, it is the
broad outline of these trends that is most
important. Our discussion of technology,
therefore, avoids mentioning specific de-
vices, techniques, or research results. In-
stead, the next section examines trends of
information technology that are likely to
have the greatest impact on scholarly com-
munication—and, by implication, on ar-
chives management. The focus here is on
broad descriptions and projections most
relevant to the future of scholarly research.
Later in this paper we examine how schol-
ars are actually using information technol-
ogy in their current work.

OVERVIEW OF INFORMATION
TECHNOLOGY TRENDS

The two most obvious—and for the pur-
pose of this paper, the most important—
information technology trends that pertain
to scholarly communication are end-user
computing and connectivity. These trends
are distinct and separable, and each is dis-
cussed in detail below. Ultimately, how-
ever, it is the integration of the two that
will have the greatest impact on scholarly
communication. End-user computing en-
hances the autonomy of the researcher, i.e.,
the researcher’s ability to use the power of
computation to conceptualize and execute
research without sacrificing intellectual
control by delegating computational tasks
to specialists. Connectivity enhances the
researcher’s abilities to access data, collab-
orate, seek input and feedback, and dis-
seminate ideas and results. The confluence
of these trends produces a rich interplay of
synergistic effects, which are explored be-
low.

A number of more specific technology
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trends are also likely to affect scholarly
communication. Most of these are exam-
ples of end-user computing or connectivity
(or the integration of the two), but each
warrants attention in its own right. The most
relevant of these appear to be artificial in-
telligence, end-user publication and distri-
bution, hypermedia, and visualization and
virtual reality.

End-User Computing

In the current context, end-user comput-
ing refers to the direct use of computers by
researchers.?® The general trend toward the
increased use of computers is understand-
able. Computers continue to become bet-
ter, cheaper, more accessible, and more
usable. Software continues to become more
application-oriented, and user interfaces
continue to improve. Databases continue to
become larger and more relevant. As the
use of computers becomes more common,
users continue to increase in number and
sophistication, generating greater and greater
demand for computation while driving prices
even lower by expanding the size of the
market. But the increasingly direct use of
computers by their end-users is a more re~
cent and more interesting trend, and its im-
plications for research are profound.

The term end-user refers to someone who
physically uses a computer—the person who
touches the keyboard and reads the screen.

2For most users, the trend toward direct access
began with personal computers (PCs), but it actually
began soon after the advent of the modern computer.
The very first computers of the early 1950s were es-
sentially single-user machines and, since users had to
be very aware of their machines’ foibles (and typically
had to be present while running their programs in
order to deal with problems), they necessarily became
intimate end-users. Later, more reliable mainframe
computers often ran jobs in batch mode (batches of
work were run together instead of individually) to im-
prove their utilization, which tended to distance users
from their machines. In the early 1960s, however,
timesharing reintroduced direct access by allowing
multiple users to share a mainframe machine remotely
from their terminals.

The end-user may or may not initiate or
consume the results of the computation. It
is useful to distinguish the end-user from
the ““ultimate user’® of a computer: some-
one who initiates and consumes the results
of a computation, without necessarily
touching or seeing the machine. The ulti-
mate user is the person who causes a com-
putation to be performed and who uses the
results of the computation, i.e., the person
whose work involves computation, whether
or not it involves using a computer directly.

End-user computing occurs when the end-
user and the ultimate user are the same.
The crux of end-user computing is that the
end-user is able to initiate computations and
get results without going through an inter-
mediary. To some extent, this is a detail:
What difference does it make if a compu-
tation is performed by a researcher or a
programmer? But the distinction is an im-
portant one, since it bears on how central
the computation is to the researcher’s thought
process. If a researcher is the ultimate user
of a database, for example, but is not the
end-user, then some intermediary (librar-
ian, data archivist, programmer, secretary,
or assistant) is interposed between the re-
searcher and the database, limiting the re-
searcher’s ability to interact directly with
the data, to browse through it, to explore
its idiosyncrasies, and to become intimate
with it. Similarly, if a researcher asks
someone else to write a program to com-
pute summary statistics, the researcher will
be unaware of the decisions embedded in
that program or the problems encountered
in writing it.2* This kind of insulation from
the computational process may free the re-
searcher from menial tasks, but it also lim-
its his or her ability to define the computation

24Although writing a program does not guarantee
that one will become—let alone remain—aware of its
implications and limitations, using a program written
by someone else virtually guarantees that the user will
not be aware of them.
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correctly, use it appropriately, and under-
stand the implications of its results.

From a practical standpoint, end-user
computing is attractive because of its con-
venience. An end-user need not find a pro-
grammer or data processing specialist (and
an available machine) to get an answer to
a computational problem. This reduces the
threshold of effort required to perform
computation, allowing users to consider it
a more integral part of their work style.

The ramifications of end-user computing
in the research process are deeper and more
subtle than they may first appear. Only by
becoming intimate with the computational
process can a researcher fully realize the
potential of computation in performing re-
search. Only when the researcher is an end-
user does computing become familiar
enough and convenient enough to be a nat-
ural part of the research process. This is
not an end in itself, but it is important be-
cause it allows the researcher to conceive
of new kinds of research that become pos-
sible only when computation becomes an
integral part of research. End-user com-
puting is an important trend because the
activity of computation allows researchers
to reconceive the nature of research itself,
i.e., the kinds of questions posed, the
methodologies used, the type and extent of
sources analyzed, and the form of presen-
tation of the findings. (Examples are dis-
cussed in a later section.)

To summarize: End-user computing
means direct access to computational ca-
pability; the key implication of this in the
current context is that it allows computa-
tion to become an integral part of a re-
searcher’s thought process—and therefore
of the research itself.

Ubiquitous computing. One trend that
is still relatively new is the advent of port-
able computing, using laptop, notebook, or
even pocket-sized (“‘palmtop’”) computers.
This portability means more than just being
able to carry a computer from one location
to another. It implies the ability to carry a

part of one’s working context (database,
text, notes, and correspondence) in a ma-
chine that can be used on location, in meet-
ings, or while traveling. This context may
be ““downloaded” to a portable machine
from a researcher’s home machine and used
for on-site research or during interactions
with other researchers to modify data, re-
cord notes, work on evolving documents,
and many other tasks. The results of this
work can then be “‘uploaded” to the re-
searcher’s home machine, by a telecom-
munications link from the remote location
or by a direct transfer of data after the re-
searcher returns home.

In addition to portable machines them-
selves, cellular modems (modulator/de-
modulators) allow computers to
communicate over cellular telephone links.
This allows the user to link computers while
traveling anywhere that cellular telephone
coverage is provided; it is already possible
to connect to a remote computer or data-
base from a portable computer while riding
in a taxi in any major city in the United
States. Whether this kind of remote com-
puting will ultimately become a common
activity depends on tradeoffs between the
size, cost, and capacity of portable versus
remote computers and the attendant tele-
communications costs.

The important point is not the size and
capability of portable machines, but rather
the freedom they give the user to perform
computations and to access data from any
location. For example, another way of
achieving the same result would be to pro-
vide computer terminals in public places;
this would be analogous to the use of stan-
dard (noncellular) telephones, which are
ubiquitously available anywhere in the de-
veloped world. The French government has
implemented just such an approach to com-
puting in its Minitel system, which is avail-
able in homes and post offices throughout
France.? Because of these alternatives, it

*David L. Margulius, “Cest la France, C’est Min-
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is useful to think of this as a trend toward
““‘ubiquitous computing’” rather than *“port-
able computing.”” This is discussed further
under Connectivity below.

End-user interfaces. The design of soft-
ware for end-users has also had a tremen-
dous impact on the growth of end-user
computing. For end-users who are not
computer specialists, ‘‘access’ to compu-
tation means more than simply having a
computer or communicating with one. To
use a computer effectively, such users need
software that allows them to work in ways
that are natural to them, without having to
learn the intricacies of an arcane computer
system. Software for end-user computing
must have two key attributes: It must pro-
vide functionality that is of use to the end-
user, and it must present an interface that
is usable by an end-user.

Appropriate functionality requires that
software be either generically useful (such
as word processors, electronic mail, data-
bases, spreadsheets, and mathematical pro-
grams) or designed for some specific task
that the user performs. Task-specific pro-
grams (or applications) tend to be written
for users in a given industry or type of
work.26 But if its interface makes it diffi-
cult to use, neither generic nor task-specific
software is of much value to any but the
most dedicated and tenacious of end-users.

The trend toward improving end-user in-
terfaces began in the early 1960s.%” Many

itel,”” PC Computing 2 (January 1989): 194; Ellis
Booker, ‘Vive le Minitel,”” Telephony 215 (8 August
1988): 24; and S. Nora and A. Minc, The Comput-
erization of Society: A Report to the President of France
(Cambridge, Mass.: MIT Press, 1980).

26Both general-purpose and task-specific programs
become more useful when they can be tailored to the
needs of a particular end-user. Examples of this arc
word processors that allow users to define their own
document formats, function keys, “‘macros,”” etc. The
ultimate general-purpose program is a programming
system (or language) that allows end-users to define
new computations at will (i.e., to write programs);
end-users may become programmers to a limited ex-
tent by tailoring software to their own needs.

27For example, Cliff Shaw’s JOSS system is widely

of the principles of current user interfaces
were developed by Engelbart’s group at the
Stanford Research Institute (SRI) in the
1960s and early 1970s.2® This led to the
development of a number of systems at Xe-
rox Corporation’s Palo Alto Research Cen-
ter (PARC) in the late 1970s, culminating
in the introduction of the Star in 1981.%
The Xerox Star pioneered the point-and-
click, window- and menu-based ‘‘desktop
metaphor’” that is currently in vogue. This
trend toward better user interfaces gained
momentum with the development of per-
sonal computers, and it has now reached a
point where many systems can be learned
and used effectively by most users without
any formal computer training. Although the
term user friendly has become such an ad-
vertising cliché that it is now all but mean-
ingless, its overuse is a measure of the extent
to which the computer industry recognizes
the importance of user interface design for
end-user computing.

The “online transition.”” One of the key
factors that facilitates end-user computing
is an ““online transition’’*® in which com-

regarded as one of the earliest successful timeshared
systems designed for direct access by researchers. See
J. C. Shaw, JOSS: Conversations with the Johnniac
Open-Shop System (Santa Barbara, Calif.: RAND
Corporation, P-3146, 1965); J. C. Shaw, “JOSS: A
Designer’s View of an Experimental On-Line Com-
puting System,’” in American Federation of Infor-
mation Processing Societies Conference Proceedings
(Fall Joint Computer Conference), Vol. 26 (Balti-
more, Md.: Spartan Books, 1964): 455-64.

28] addition to inventing the mouse, this visionary
group developed many of the concepts that form the
foundation of modern user interface design, as well
as producing one of the first hypertext systems. For
an early description of this work, see D. C. Engelbart
and W. K. English, ‘““A Rescarch Center for Aug-
menting Human Intellect,” American Federation of
Information Processing Societies Conference Pro-
ceedings (Fall Joint Computer Conference) vol, 33.
(May 1974), 395-410.

29], Johnson, T. L. Roberts, W. Verplank, D. C.
Smith, C. H. Irby, M. Beard, and K. Mackey, ‘“The
Xerox Star: A Retrospective,” IEEE Computer 22
(September 1989): 11-26.

3%The term online originated in the electric power
industry. Generating equipment is said to be “‘online””
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puting becomes more useful the more it is
used. If a user is still bound to the tele-
phone, paper mail, paper documents, paper
files, and paper memos, then computation
remains an infrequently used tool that does
not integrate with the rest of the work en-
vironment. When electronic mail (e-mail)
begins to replace telephone and paper mes-
sages and when machine-readable elec-
tronic documents and files begin to replace
paper, the user’s working context is inte-
grated in new ways.

The online transition produces a new
phenomenon: Many previously separate
forms of communication become integrated
by being stored in electronic form. For ex-
ample, if telephone messages and tele-
phone directories are both electronic, users
can forward information from a phone mes-
sage in e-mail and can use telephone num-
bers or other information from a phone
message to search their phone directories
for information about callers. Many mes-
sages that traditionally have come by tele-
phone will in the future be sent by e-mail
instead, since e-mail is asynchronous (the
recipient does not have to be present to re-
ceive an e-mail message) and provides a
more legible and reliable medium for mes-
sages containing text or data. Similarly,
users can easily copy text from letters,
memos, and informal messages into new
documents and search their contents elec-
tronically, rather than visually scanning vo-
luminous printed material.

when it is connected to a power distribution grid, The
term is used in information science to refer to infor-
mation and other resources being electronically ac-
cessible to users by means of computers and
communication devices. Similarly, it refers to users
being able to access their work resources electroni-
cally, i.e., having terminals, communication facilj-
ties, computer accounts, ctc., as necded to work in
this way. (Information that is not accessible in this
way, or users who do not have access to their work
in this way are referred to as being “offline.”) The
term online as used in the database and library do-
mains is derivative and analogous but considerably
narrower. It is uscd here in its more gencral sense.

In the early stages of the online transi-
tion, computation does not fully realize its
potential because it is not yet integrated into
the user’s work style. This creates a chicken-
and-egg problem. Users are not motivated
to use computation until its benefits out-
weigh the cost of learning to use it (and
changing one’s work style to make use of
it); but its benefits are realized only after
it becomes an integral part of one’s work
style. This problem produces a learning
curve in which progress initially is slow,
but it accelerates as the online transition
proceeds. This curve rises steeply above a
certain point, when a critical mass of the
user’s context becomes integrated online.

Summary. The exact ways in which
computation will be delivered to end-users
in the future will be determined by factors
that involve trade-offs among the costs of
computers, various kinds of memory and
communication, and issues of privacy,
convenience, and control. The form in which
computation is delivered will continue to
evolve as the relative costs and benefits of
various alternatives change. Ultimately, the
end-user may not even know—and should
not care—whether the response to a request
is generated locally by the machine sitting
on the user’s desk, remotely by a special-
purpose processor, or by some combination
of the two. The importance of the trend
toward end-user computing for researchers
lies not in the details of its implementation
but rather in its potential to transform
scholarly communication by making com-
putation an integral part of the researcher’s
thought process and work style.

Connectivity

The trend toward end-user computing is
intimately related to the equally important
trend of connectivity. This term describes
the researcher’s ability to access data,
processing capabilities, and other research-
ers electronically in ways that facilitate the
research process. Connectivity is a broader
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concept than communication. Like com-
munication, connectivity includes the abil-
ity of computers to talk to each other and
to access remote databases, but it also in-
cludes the ability of researchers to work
together in useful ways, to solicit feedback
from each other, to disseminate their ideas
and results, and to integrate their research
sources and products. Connectivity re-
quires communication, but it further as-
sumes that information is in a usable form
that facilitates interchange and integration.

Many aspects of end-user computing rely
on connectivity. The online transition re-
quires that a sufficient critical mass of the
user’s context be available online. That is,
the various categories of data that comprise
this context (such as telephone messages,
e-mail, memos, and documents) must all
be accessible electronically and must be
stored in a common, interchangeable form,
so that data can be shared and exchanged
among these different categories. Conven-
tional wisdom recognizes that a critical mass
of users must be online before they will
truly benefit from their connectivity, but it
is at least as important that a critical mass
of information and tools be online if users
are to reap the benefits of connectivity.
Furthermore, convenient and effective in-
terchange must be available across this crit-
ical mass of information and tools before a
user can profitably make the online tran-
sition.

Access to databases also requires con-
nectivity, especially if the user needs to see
the most up-to-date version of dynamic data.
Access to dynamic data is particularly im-
portant for research, where the most recent
additions to a database (representing new
publications, ideas, data, or research) are
often the most valuable, even though they
may change only a small fraction of the
overall database. If a database is static (i.e.,
does not change very often), it can be cop-
ied onto local systems, either by physically
sending disks to different sites or by down-
loading data over a network (which again

requires connectivity). However, if a re-
mote database is dynamic, a user can see
the most up-to-date version of the data only
by either viewing the updated database over
a network (relying on connectivity) or by
updating a local copy of the database on
demand (again, over a network) and view-
ing the copy. Access to dynamic data there-
fore depends on connectivity.

An infrastructure of connectivity allows
computation to be performed and data to
be stored wherever it is most cost-effective,
given that the relative costs of memory,
computation, and communication are con-
tinually changing. Connectivity allows
computation and data to be reallocated from
local to remote resources (computers, disks,
etc.) as these costs change. This realloca-
tion has traditionally required physical
changes to system configurations (such as
moving disk drives or rewiring buildings
with cables), but in principle this can be
done without physical intervention, re-
sponding automatically to changing costs
or shifting demands. Connectivity there-
fore facilitates end-user computing by al-
lowing it to take advantage of evolving cost
factors.

The trend toward ubiquitous comput-
ing—whether provided by portable com-
puters, publicly available terminals, or other
alternatives—relies on a similar form of
connectivity to link users to their working
“‘office’® contexts by remote or portable
access. Ultimately, it will become irrele-
vant whether a user’s working context ex-
ists in a single place or is distributed over
a number of sites and machines. Connec-
tivity will allow users to access their com-
putational and informational contexts
wherever and whenever they need them.

Access to computational and human
resources. Although access to data and
one’s working context is the most obvious
aspect of connectivity, it has other impli-
cations as well. In general, connectivity al-
lows users to access resources. These may
be data resources, but they may also be
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specialized computational or human re-
sources. Two related initiatives intended to
encourage such interactions by providing
widely available, high-capacity networking
are the National Research and Education
Network (NREN) and the High Perform-
ance Computing and Communications
(HPCC) efforts. The capacity of a network
is measured by its bandwidth, which is the
number of bits of information it can trans-
mit per second.?! The NREN and HPCC
efforts are targeted to produce gigabit (bil-
lion-bit per second) transmission capacities
during the next decade.?? In addition to
providing high-capacity ‘“backbone’’ com-
munications, related initiatives include ef-
forts aimed at integrating the communication
of text, images, voice, video, and other
media. The NREN is intended to support
the transmission of other media as well as
text, although it should be noted that non-
textual media require much greater trans-
mission capacity. When fully implemented,
NREN should greatly facilitate collabora-
tion and resource sharing among research-
ers.

Efforts such as NREN also are important
because, despite the evolution toward
cheaper computers, there may always be
state-of-the-art computing facilities that re-
main too costly for individual researchers
to own. For example, large parallel com-
puters may allow searching through huge
databases for complex patterns, but the most
powerful of such machines may always be
too expensive for any one researcher or even
any one research facility to justify their
purchase. Connectivity will allow research-
ers to share such facilities through remote
access.

Beyond access to machines, connectivity
allows researchers to communicate and col-
laborate with each other and with special-

31An average page of text consists of approximately
20,000 bits, although this volume can be reduced
(compressed) for transmittal, .
32Grand Challenges, 17-19, 54.

ists in other fields. The vast web of
interconnected networks (sometimes re-
ferred to informally as ““WorldNet™) al-
ready allows researchers to broadcast or
direct queries and requests by e-mail to a
large proportion of the researchers in a given
field, regardless of their nationality or lo-
cation. This process is not always directly
controlled by the initiator of a request:
Queries may be forwarded by their initial
recipients across networks and gateways
between networks to individuals, electronic
mailing lists, and electronic bulletin
boards,*® eliciting responses from distant
and unlikely places. Integrated networking
is greatly facilitated by an open systems
approach, allowing multivendor software
and hardware to communicate using stan-
dard protocols. The International Standards

- Organization’s Open Systems Interconnec-

tion (OSI) reference model serves as a stan-
dard for interconnection of this kind.34 These
developments are producing a truly global
communication capability, which is ex-
panding rapidly and spontaneously.

The communication aspect of connectiv-
ity goes beyond the use of e-mail for asking
questions or broadcasting general infor-
mation. It is causing a major shift in the
way many researchers collaborate and in-
teract.>® The use of e-mail allows arbitrary

*Electronic bulletin boards are analogues of their
physical counterparts. They allow online users to re-
motely view notices posted clectronically by other users.

*The OSI reference model is discussed in detail in
A. S. Tancnbaum, Computer Networks, 2d ed. (En-
glewood Cliffs, N.J.: Prentice-Hall, 1988), 14-34.

**We are unawarc of any research on e-mail use
among scholars, but for recent studies on the use of
e-mail and other collaborative clectronic media in in-
ternational organizations, see T. K. Bikson and S. A.
Law, Electronic Mail Use at the Bank: A Survey and
Recommendations (Washington, D.C.: Information,
Technology, and Facilities Department, World Bank,
September 1991); and Tora K. Bikson and Sally Ann
Law, ‘“Electronic Information Media and Records
Management Methods: A Survey of Practices in United
Nations Organizations,” ACCIS Electronic Informa-
tion Media and Records Management Survey Report,
A RAND Note (N-3453-RC) (Santa Monica, Calif.:
RAND Corporation, 1991).
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text and data files to be transmitted in sim-
ple, linear text formats, without concern
for machine compatibility or knowledge of
remote file systems. Researchers can gen-
erally transform any relevant information
into text and send it as the body of a mes-
sage. Transforming formatted information
(such as structured documents or pige lay-
outs) into linear text so that it can be ex-
changed in this way requires that the sender
and recipient have software capable of per-
forming the appropriate transformations.
Standards for transforming such informa-
tion into linear text are evolving in re-
sponse to this need. For example, the
Standard Generalized Markup Language
offers a standard textual representation for
structured documents, whereas Post-
Script® offers a widely used de facto stan-
dard textual representation for formatted
page images. Such standards already allow
users to send textually encoded documents,
pictures, or formatted page layouts by e-
mail instead of on paper. The e-mail recip-
ient can view or print the transmitted in-
formation after transforming it back to its
original form. This capability will continue
to improve as standards for graphics and
other media evolve. ~

Connectivity also promises to ““erase the
geography’” that separates students from
teachers, classes, or other resources of in-
terest. The educational notion of ““distance
learning’” has evolved from the correspon-
dence course to the use of televised instruc-
tion, but networking allows a much richer
form of educational interaction. Particu-
larly in upper-level scholarly subjects, it is
now possible to envision geographically
distributed seminars that bring together in-
terested scholars and students without re-
gard to their physical locations.

The use of e-mail, teleconferencing, and

3%Adobe Systems, Inc., PostScript Language Ref-
erence Manual (Reading, Mass.: Addison-Wesley,
1990). )

remote windowing is producing a new phe-
nomenon: computer-supported cooperative
work (CSCW).37 Through CSCW, groups
of researchers can work together, sharing
their context and coordinating their work,
regardless of their locations, schedules, and
work styles. Connectivity allows coopera-
tion in all phases of research, including
concept formation, literature and back-
ground search, analysis, publication, peer
review, and dissemination. This trend has
the potential to both reduce the time re-
quired to perform and publish research and
improve its quality through earlier and wider
review. CSCW also facilitates interdisci-
plinary research through online discussion
forums that are open to all interested par-
ties, not just credentialed members of a
particular discipline. This openness makes
it easier for researchers from different fields
and institutions to collaborate, which may
broaden the perspective of scholarly com-
munication. Finally, the trend toward shar-
ing the research process may well change
the conception of the research product itself
into something more multidimensional than
a traditional document, allowing it to re-
flect multiple views and opinions. (See the
section on hypertext and hypermedia later
in this paper.) Note that the implications
explored here are not derived from tech-
nological determinism: The technology it-
self does not produce such changes. Rather,
the changes result from the trend toward
sharing and collaborating, which the tech-
nology facilitates.

The trend toward interchange stan-
dards. True connectivity involves the abil-
ity to interchange information, which
requires that information be represented in
a standard form. The relative youth of in-
formation science as a field and the rapid
evolution of computers and commiunication

For an excellent annotated bibliography of current
work in CSCW, sec Saul Greenberg, “An Annotated
Bibliography of Computer Supported Cooperative
Work,”” SIGCH! Bulletin 23 (July 1991): 29-62.
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technology have produced chaotic alterna-
tives for representing and communicating
information. This may be unavoidable in a
field in which technology and paradigms
are still evolving. By their very nature, novel
ideas do not always fit into previous pat-
terns. Similarly, new computational capa-
bilities often produce new information
structures that do not easily translate into
existing standard forms. Furthermore, the
development of new standards is a slow
process because it requires compromise and
consensus. The development of standards
is therefore a difficult undertaking, and they
tend to lag behind the latest technological
advances. Nevertheless, the growing em-
phasis on interchange standards is a vital
and worthy trend, without which the prom-
ise of connectivity cannot be realized.

Standards are beginning to evolve for text
(as discussed in the section on Computer-
Assisted Analysis Achieved Through Con-
version), and ultimately they will extend to
graphics, voice, three-dimensional model-
ing, animation, video, and other media as
well. In the early stages of this process, the
goal is to develop usable initial standards
quickly, without precluding their extension
and modification in the future. This trend
toward extensible standards is motivated by
a recognition of the inevitable lag between
standards and technological advance. De-
veloping such extensible standards is a ma-
jor technical challenge, involving a
significant effort to translate among differ-
ent standards and different versions of
evolving standards. Ideally, such transla-
tion will minimize the need for the user to
be aware of the underlying standards, and
inexpensive computation will provide
transparent translation among standards
without user intervention.

In addition to interchange standards, a
trend is developing toward defining stan-
dards and policies for privacy and author-
ization of access. As collaboration becomes
more common, it will become increasingly
important for researchers to be able to pro-

tect their data, analysis, and results. Pla-
giarism, theft, tampering, and sabotage will
undermine the advances of connectivity if
technical, administrative, and legal solu-
tions to these problems are not imple-
mented. Even the computation and
collaboration processes themselves must be
protected from unauthorized auditing and
analysis. Various agencies or individuals
could easily misuse or abuse knowledge of
the kinds of questions a researcher asks and
the thought processes involved in formu-
lating research. The trend toward increas-
ing interest in privacy and security issues
is evidenced in a number of recent confer-
ences and publications.3®

A false dichotomy: distributed versus
centralized control. One of the most in-
triguing implications of the trend toward
connectivity is its potential to redefine the
meaning of control over intellectual arti-
facts. In particular, the traditional dichot-
omy between distributed and centralized
control may no longer be appropriate. This
dichotomy is based on the natural but out-
dated assumption that control is a function
of location in the physical world. Tradi-
tionally, a resource has been considered to
be under centralized control if it exists in
only one physical location and is main-
tained by agents residing at that location.
Conversely, a resource is considered to be
under distributed (decentralized) control if
it consists of multiple copies or parts that
are dispersed among multiple locations and

38Computers, Freedom and Privacy Conference,
sponsored by Computer Professionals for Social Re-
sponsibility, San Francisco Marriott, Burlingame, Calif.
25-28 March 1991; The National Conference on
Computing and Values (NCCV), held at Rescarch
Center on Computing and Society, Southern Con-
necticut State University, New Haven, Conn. 12-16
August 1991; and the seventh Annual Computer Se-
curity Applications Conference, sponsored by Aero-
space Computer Sccurity Associates and American
Society for Industrial Security, and the Association
for Computer Machinery and the Institute of Electrical
and Electronics Engincers, St. Anthony’s Hotel, San
Antonio, Tex., 2-6 December 1991.
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maintained by agents dispersed among those
locations. This dichotomy applies reason-
ably well to physical resources, but it fails
to work for resources created by electronic
connectivity.

The physical location of a resource has
little meaning in the electronic domain.
Connectivity allows resources to be repli-
cated and distributed among numerous
physical locations while behaving as though
they existed in only one location (and vice
versa). The key to this phenomenon is the
separation between an electronic resource’s
physical location and its availability: A da-
tabase may reside on a storage device in
one location while being viewed or modi-
fied via a terminal in another location. Sim-
ilarly, a database that appears to exist in
only one location may actually consist of
pieces distributed and replicated among nu-
merous locations and may be viewed or
modified by numerous agents via com-
puters at different locations. This charac-
teristic is the definition of connectivity:
Access becomes independent of location.
The notions of centralized and decentral-
ized (distributed) control simply do not ap-
ply in this context. New forms of control—
and policies for when to employ them —are
likely to evolve as connectivity replaces
physical access to resources.

Summary. End-user computing and
connectivity have been discussed sepa-
rately here for expository reasons, but their
full impact lies in their mutual synergy.
Connectivity elevates end-user computing
above simple word processing or calcula-
tion by allowing end-users to access remote
databases, share information in many dif-
ferent media and forms, connect to their
working contexts wherever they are, com-
municate with their peers, and collaborate
in all phases of research. End-user com-
puting in turn provides one of the main mo-
tivations for improving connectivity:
Networks do not connect machines, they
connect people. The combined trends of end-
user computing and increasing connectivity

will shape the evolution of research (along
with many other endeavors) well into the
next century.

Specific Technology Trends Affecting
Scholarly Communication

The major trends of end-user computing
and connectivity will manifest themselves
in many ways. This section identifies a
number of specific technology trends that
will superimpose themselves over this
background. Each subsection discusses an
area of technology that is expected to have
a particular impact on research. Although
not exhaustive, this examination includes
some of the technology that are likely to
have the greatest influence over the next
decade, i.e., artificial intelligence, end-user
publication and distribution, hypermedia,
visualization, and virtual reality.

Artificial intelligence. Current trends in
artificial intelligence (AI) have the poten-
tial to affect scholarly research in a number
of ways. Al may provide intelligent aids
for analyzing and interpreting sources; au-
tomated “‘agents’” that can help researchers
stay abreast of new findings; and tools to
help formulate research concepts. Al may
also enable researchers to model their sub-
ject areas to test hypotheses. Finally, Al
has the capacity to produce intelligent tu-
tors that may help researchers leverage their
teaching skills.

The recent commercial success of expert
systems (and more generally, knowledge-
based systems) has brought Al out of the
ivory tower where it had evolved since the
early days of computing. A number of gen-
eral-purpose programming languages and
environments (expert system shells) for
building expert systems have appeared on
the market, allowing users with little or no
formal training in Al to take advantage of
some of the most common Al techniques.
Yet Al encompasses much more than just
expert or knowledge-based systems. As one
of the frontiers of computing, it attempts
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to find ways of using computers to solve
problems they cannot now solve. Al is
driven by dual motivations that sometimes
conflict with and sometimes enhance each
other. The first of these, which can be
thought of as a ““modeling’® motivation,
seeks to use computers to model and un-
derstand intelligence. The second, which
can be thought of as an ““engineering’” mo-
tivation, simply seeks to solve difficult
problems, by whatever means. Al efforts
that are motivated by modeling tend to fo-
cus on defining intelligence, understanding
cognitive processes, and addressing prob-
lems whose solutions are acknowledged to
require intelligence. Al efforts motivated
by engineering simply try to solve difficult,
worthwhile problems, using any available
techniques, regardless of whether the tech-
niques simulate human intelligence.

Because of these dual motivations and
because Al is a frontier (and therefore nec-
essarily dynamic and evolving), it tends to
include many disparate activities and tech-
nology, ranging from the automation of
formal mathematical logic to the design of
artificial neural networks. Several themes
run through Al, such as representing
knowledge, language, and meaning and
finding relevant patterns or solutions among
large, complex sets of alternatives. The pri-
mary influences of Al on scholarly com-
munication are likely to be its ability to
analyze linguistic and pictorial informa-
tion, its ability to find patterns, its ability
to create automated ‘“agents’” that act on a
user’s behalf, and its ability to model real-
ity and formulate concepts,

The bulk of scholarly data is currently in
textual form, and text will undoubtedly
continue to be the major target of scholarly
research for some time. Other forms of data,
such as visual imagery (including draw-
ings, paintings, photographs of sites or ar-
tifacts, holograms, and film and video),
spoken language, sounds, and music may,
however, play greater roles as the technol-
ogy for their encoding and analysis im-

proves. Al software’s growing ability to
understand the semantics (and eventually
the pragmatics) of language and to analyze
relationships and identify patterns will make
it an increasingly attractive tool for per-
forming scholarly analysis. In addition, Al
has developed a number of techniques for
dealing with beliefs and uncertain, contra-
dictory, or hypothetical information, which
may help researchers who must often gen-
erate hypotheses and rely on contradictory
or uncertain conclusions and beliefs in or-
der to find patterns and relationships. Cou-
pled with growing databases of encoded text
and fast processing, these techniques will
enable researchers to look for new, unex-
pected patterns across a wide range of sub-
ject areas. Similar capabilities eventually
will extend to visual imagery and sound,
allowing integrated analyses of text, speech,
music, and pictorial data. Although it will
probably be some time before Al will be
capable of truly understanding literary
text3®—and even longer before it will be
capable of understanding spoken language
or visual imagery—it is already capable of
filtering large bodies of text to find literary
aspects or relationships that are of partic-
ular interest to a researcher. In this role,
Al will not replace the analytic insight of
the researcher, but it will enhance the re-
searcher’s ability to scan large collections
of information and find patterns worthy of
analysis.

One of the major emphases of Al re-
search has been to develop intelligent agents
that can behave autonomously on behalf of
their users. Robots (which are still largely
experimental) are the most dramatic ex-
amples of such agents, but another class of
agents is more relevant to scholarly re-
search. These are informational agents, such
as literature-search or SDI (selective dis-

3See Nancy M. Ide and Jean Veronis, ““Artificial
Intelligence and the Study of Literary Narrative,” Po-
etics 19 (1990): 37-63.
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semination of information) agents, which
can search for information of interest to a
researcher, using criteria specified in a form
similar to a database query. Such agents
ultimately may perform a number of serv-
ices, such as translating a researcher’s query
into the form required by particular data-
bases; periodically repeating a query or
search; monitoring activity on a network or
in a database and alerting the user when
““interesting’” events occur; soliciting, col-
lecting, and filtering information from many
sources; responding to routine requests from
other researchers for information or to other
correspondence; and coordinating the
schedules and activities of a collection of
researchers engaged in collaborative effort.
Such agents will eventually take over many
of the traditional activities of a secretary:
They will make up for their relative lack
of initiative and creativity by being tireless,
dedicated, and inexpensive.*0

In addition to its role in the analytic phase
of research, AI may have an impact on the
concept formation that leads to research. In
this earliest conceptualization phase, re-
searchers often generate informal hy-
potheses about a subject area, in an attempt
to define interesting research thrusts. A
number of tools currently emerging from
“knowledge acquisition’® efforts in Al have
the potential to help identify viable hy-
potheses and useful concepts. These con-
cept-formation tools help the user form
concepts by asking questions that can dis-
criminate between examples and counter-
examples of an evolving concept, based on
attributes that the user declares as defining
the concept. For example, a researcher might
attempt to define a concept such as ‘‘ado-
lescent imagery’” in a body of text in terms

4%For research on intelligent agents, see Robert E.
Kahn and Vinton G. Cerf, An Open Architecture for
a Digital Library System and A Plan for its Devel-
opment, The Digital Library Project, Volume 1: The
World of Knowbots (Washington, D.C.: Corporation
for National Rescarch Initiatives, March 1988).

of attributes such as age, immaturity, and
sexual embarrassment. A concept forma-
tion tool might attempt to find examples of
such images, asking the user to rate each
candidate passage according to each attrib-
ute. Based on these ratings, the tool might
then show which of these passages appear
to be examples of the concept and which
ones appear to be counterexamples, thereby
helping the user form a consistent and use-
ful definition of the desired concept.
Much of Al research focuses on model-
ing. In order to act intelligently or solve
complex problems, Al systems often create
models of reality about which they can rea-
son or which they can manipulate in order
to decide how to act in the real world. Tra-
ditional simulation and mathematical mod-
eling techniques are severely limited in the
types of questions they can answer. Sim-
ulation users, for example, typically spec-
ify the initial state of a simulated world and
then run the simulation to see what hap-
pens. This ““toy duck’ view of modeling
(“‘wind it up and see where it goes’®) cor-
responds to asking questions of the form
“what if . . . ?”’ (i.e., what would happen
if the world were to proceed from this given
initial state?). This ability to ask “‘what if
. . 77 questions is often touted as the ul-
timate analytic capability, but many other
kinds of questions are at least as important
in many situations.** These include such
questions as: Why did some agent take a
particular action? Why did a given event
happen? Can a particular event ever hap-
pen? Under what conditions will a given
event happen? Which events might lead to
a particular event? How can a desired result
be achieved? Ongoing Al research in this

“IM. Davis, S. Rosenschein, and N, Shapiro, Pros-
pects and Problems for a General Modeling Meth-
odology (Santa Monica, Calif.: The RAND
Corporation, N-1801-RC, June 1982); and J. Roth-
enberg, ““The Nature of Modeling,”” in Artificial In-
telligence, Simulation, and Modeling, edited by L.
Widman, K. Loparo, and N. Nielsen, 75-92 (New
York: John Wiley & Sons, August 1989).
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area is producing powerful new techniques

for modeling intentions, causality, goals,

beliefs, and other phenomena to allow an-

swering questions that go beyond ‘“what if
92342

This trend toward model-based systems
will provide researchers with techniques for
conducting experiments, evaluating hy-
potheses, and exploring alternative inter-
pretations of reality with minimal cost and
risk (since they are carried out within a
computer). As a simple example, sociolog-
ical or cultural models could be built to
explore alternative hypotheses about an an-
cient civilization, using the model to make
predictions that can be compared with his-
torical evidence. Al techniques such as these
may help researchers conceptualize re-
search as well as perform analyses.

The modeling capabilities of Al are also
the key to its use in education. Intelligent
tutors are an outgrowth of joint research in
education and Al; typically, they involve a
model of the subject matter to be taught (a
domain model) and a model of the student.
The domain model elevates an intelligent
tutor above the level of simple programmed
instruction because it enables the tutor to
answer unanticipated questions about the
subject matter. Students can therefore ask
a much wider range of questions and pur-
sue many alternative paths of instruction.
Similarly, the student model helps the tutor
determine which concepts the student is
having trouble understanding. This helps
the tutor address the student’s underlying
problem rather than simply repeating new
material or backing up blindly to review
previous material. Although intelligent tu-
tors are still largely experimental, they ap-
pear to hold great promise for improving

#28cc J. Rothenberg, ““Using Causality as the Basis
for Dynamic Models,” in Proceedings of the Third
International Working Conference on Dynamic Mo-
delling of Information Systems (DYNMOD-3) (Delft,
The Netherlands: Delft University of Technology,
1992), 277-92.

the educational process, particularly for
students who are self-motivated and self-
paced. Ultimately, this should allow schol-
ars to leverage their teaching skills by de-
veloping tutors that embody their expertise.

In summary, current trends in artificial
intelligence may affect scholarly research
by

® providing analysis aids that can help
find and interpret relevant source data,
text, and other media.

® creating informational agents that can
perform some of the routine tasks of
keeping abreast of new findings, act-
ing as tireless monitors of develop-
ments in a field.

- ® providing tools to help researchers ex-
plore, formulate, and refine research
concepts and hypotheses.

® cnabling researchers to model their
subject areas to try out hypotheses and
predict where to find confirming (or
falsifying) evidence.

o facilitating the development of intel-
ligent tutors that can help researchers
disseminate their knowledge and
teaching skills to wider audiences.

Since Al is one of the frontiers of infor-
mation science, it is also not unlikely that
additional developments in this field will
have unforeseen consequences for the ev-
olution of scholarly research.

End-user publication and distribu-
tion. An equally important though less ex-
otic computing trend is the growing ability
of end-users to publish and distribute their
own work. This is already creating alter-
natives to traditional publication in schol-
arly journals, not only reducing the time it
takes to publish research but, more impor-
tantly, changing the channels of distribu-
tion, redefining the review process, and
transforming dissemination by means of
electronic connectivity.

The most prosaic form of end-user pub-
lication is the production of camera-ready
printed documents, suitable for publication
or reproduction and dissemination without
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further typesetting or layout work (some-
times referred to as ““desktop publishing™).
Even this simple modernization of the tra-
ditional publication process has profound
implications. As with all forms of end-user
computing, end-user publication involves
the author of a document much more di-
rectly in its production. Because of this
availability of layout and production tools
during the draft phase, a document ap-
proaches its final form at an earlier stage
of development. For example, figures,
footnotes, and final formatting can be in-
corporated into early drafts, giving review-
ers a more readable product and helping to
eliminate errors and, in general, to improve
the product. Ideally, the author’s control
over questions of typography, graphics, and
layout means that the final document rep-
resents a more accurate and integrated re-
flection of the author’s overall intent. The
corresponding disadvantage is that authors
must learn new publication skills, for which
they may have little inclination, patience,
or talent. Of course, end-user publication
does not preclude the use of secretaries,
graphic artists, or publication specialists to
reintroduce traditional expertise in the pub-
lication process, but this intervention tends
to subvert the advantages of end-user pub-
lication by slowing the process and reduc-
ing the author’s control.

Beyond modernizing the traditional pub-
lication process, end-user publication al-
lows authors to publish their work
electronically, bypassing the production and
distribution of paper documents entirely.
Electronic documents can easily reproduce
most of the desirable attributes of paper,
and they provide increased flexibility for
correction, revision, access, and dissemi-
nation. During the production phase of a
document, these features facilitate remote
collaboration and early review and they
greatly simplify the revision process. End-
user publication also facilitates a radically
different view of the research process, in
which ideas are disseminated for review and

feedback in the earliest stages of research,
i.e., prior to documenting or even perform-
ing the research. (Examples of this are dis-
cussed later in this paper.)

Electronic dissemination makes use of
increasing connectivity to bypass tradi-
tional distribution channels, reduce the cost
of reproduction and mailing, and enable re-
cipients of a document to redistribute it by
forwarding it in electronic form.** The
copyright and other legal implications of
electronic dissemination are only beginning
to be explored. Similarly, direct, online ac-
cess to the source of a document makes it
easier than ever to plagiarize ideas, text,
and even complex graphics without leaving
any trace. These problems must be ad-
dressed by technical, legal, administrative,
and, ultimately, cultural policies. Such pol-
icies are likely to evolve more slowly than
the technology they seek to civilize, leav-
ing a gap between practice and policy for
at least the next decade or two; this gap is
part of the cost of the technological revo-
lution of scholarly research.

Hypertext and hypermedia. All re-
search studies must explicitly or implicitly
address a number of questions that rep-
resent different dimensions of inquiry, such
as What is the problem? What assumptions
were made about the problem? What re-
lated research exists? What is original about
the study? What methodologies were con-
sidered? What approach or method was
chosen, and why? What sources and data
were used? What analysis was performed?
‘What were the results? How should the re-
sults be interpreted? What other interpre-

“*Computers and networks are being used in the
commercial sector as well, both to help automate the
process of publishing traditional books and journals
and to develop novel electronic products. This elec-
tronic publishing industry has so far had little impact
on end-user publication, but it may be too soon to tell
whether this industry will ultimately attempt (or man-
age) to appropriate and commercialize the new chan-
nels of distribution and dissemination that end-users
are currently developing for themselves.
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tations are worth considering? How do the
results and interpretations depend on the
researcher’s assumptions? What are the im-
plications of the research? It is difficult to
answer all such questions without inundat-
ing and confusing the reader.

Similarly, presenting complex subject
matter to students requires answering anal-
ogous questions about context, background
history, alternative approaches or formu-
lations, and relationships to other disci-
plines. Traditional textbooks and other
instructional materials seldom address these
issues adequately.

Such questions are inherently. interre-
lated and multidimensional. Answering them
in a strictly sequential, linear fashion is often
constraining and unrevealing. Yet written
documents necessarily present their argu-
ments linearly. In addition, an expository
sequence that provides insight to one reader
or audience may not be enlightening to an-
other. Cross-references, references to other
documents, repetition, overviews, and
summaries can ameliorate these problems,
but only at the cost of redundancy and added
work for the reader (flipping pages to find
cross-references or consulting other docu-
ments). Furthermore, documents, which are
inherently static, are hard-pressed to por-
tray processes or other dynamic phenom-
ena. The effectiveness of graphics is
similarly limited by the static nature of the
printed image. Oral presentations can be
less linear than documents, can be tailored
to specific audiences, and are better suited
to presenting dynamic phenomena, but they
are ephemeral and cannot provide the depth
of the printed word.

Electronic information technology prom-
ises to transcend these limitations by deliv-
ering research results in an interactive,
electronic form that is nonlinear and mul-
tidimensional and that integrates written,
spoken, and graphic media in a permanent,
dynamic, customizable presentation. The
terms hypertext and hypermedia suggest the
novel characteristics of this new approach:

1. It provides rich, dynamic linkages
among the elements of a presenta-
tion. For example, using electronic
retrieval and display, a reference from
one item of text to another (whether
a cross-reference, a bibliographic en-
try, or a citation in another work) can
be viewed instantly in a window
without the user’s having to turn pages
or find another document. Such links

~ can be used to present different di-
mensions of analysis, alternative se-
quences of exposition, optional
degrees of elaboration or depth, sup-
porting evidence, references, data, or
contextual background. The multidi-
mensional nature of such structures is
denoted by the prefix “‘hyper.” Au-
thors can use this linking to present
different kinds of information or to
define alternative paths that generate
different presentations or variants from
a single master document.

2. Hypermedia combines several media
that currently can be presented elec-
tronically, such as text, color graph-
ics, and sound (including voice).
These can all be linked together as
easily as text, producing presenta-
tions that combine the features of
documents and oral presentations.

3. These media can be presented dy-
namically. This allows animating
graphics, synchronizing voice with
animation to describe processes, and
controlling the pace of a presentation,
as in an oral briefing.

4. This approach is interactive, allowing
the reader to control the sequence,
speed, depth, and focus of the pre-
sentation, within limits set by the au-
thor.

The concept of a nonlinear document**

“*Although hypertext and hypermedia products are
very different from traditional documents, they are
generally referred to as ““documents™ for want of a
better word.
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can be traced back at least as far as the
seminal paper “As We May Think,”” by
Vannevar Bush, in 1945.4° The electronic
implementation of this concept is begin-
ning to transform the traditional notion of
a document into a multimedia, nonlinear
form of presentation. The publication of re-
search results in hypermedia form may make
them more accessible and more captivat-
ing, thereby greatly increasing the impact
and influence of research, particularly out-
side the traditional scholarly community.
The result may be greater public recogni-
tion of policy issues identified by re-
search—such as the need to preserve historic
sites or artifacts—in much the same way
that popular televised documentaries have
increased public awareness of myriad sci-
entific, cultural, and environmental issues,
Furthermore, the use of hypermedia may
transform the research process itself by
providing a natural way to represent and
keep track of interrelated facts, references,
hypotheses, and arguments, as well as re-
actions, revisions, and annotations to sup-
port collaboration. Finally, hypermedia may
transform educational material into a new,
multidimensional experience that will cap-
italize on the exploratory tendencies of
scholarly students.

Visualization and virtual reality. Re-
cent trends in visualization and virtual real-
ity have the potential to transform the way
scholarly researchers interact with their data
and perform their analyses. The world of
scientific computing has begun to develop
techniques that allow scientists to visualize
the results of complex computations.
Graphic techniques and animation are being
used to display complex data in ways that
attempt to make significant patterns leap
out at the user. Abstract relationships are
often easier to grasp if they are translated
into graphical presentations, such as false-

4SVannevar Bush, ““As We May Think,”” Atlantic
Monthly 176 (July 1945): 101-08.

color maps, cluster plots, or adjacency
graphs. These techniques apply equally to
any field in which complex data, patterns,
and relationships must be understood. Many
areas of scholarly communication may profit
from this technology by visualizing quan-
titative or qualitative data to gain insight
into its meaning or to present complex re-
sults in a perspicuous form.

Though it is typically viewed as a very
different trend, the technology of virtual
reality is closely related to visualization. A
virtual reality is a simulated world created
in a computer, using traditional simulation
or Al modeling techniques such as those
discussed above. The user ““enters’ a vir-
tual reality by wearing a display helmet or
goggles to create the visual illusion of being
in the simulated world (e.g., showing dif-
ferent views as the user’s head turns), The
user interacts with the virtual reality by
wearing devices such as instrumented gloves
or suits that sense the user’s hand or body
position, thereby allowing the simulated
world to react. The result is something like
an intensified video game, in which the user
perceives the virtual reality and interacts
with it for some purpose.

The power of virtual reality is that it har-
nesses the user’s full sensory and motor
capabilities in exploring an abstract world,
rather than relying on more limited facul-
ties such as reading and typing. Coupled
with modeling and visualization, this has
the potential to allow a researcher to inter-
act intimately with a virtual world created
out of data or analytic results and to explore
this world in a much more direct, exper-
iential way than would be possible by read-
ing numbers or even by viewing a graphical
display. In addition to its potential for
transforming certain aspects of the analytic
process, virtual reality technology might also -
be of use during concept formation (allow-
ing researchers to explore abstract spaces
of concepts, represented as visual worlds)
or for bringing the education of scholarly
subjects to life (allowing students to ex-
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perience subject matter as a virtual world).
Virtual reality may also be viewed as a log-
ical extension of hypermedia, in which re-
search results may be presented as a virtual
world to be explored, rather than as a doc-
ument to be seen or heard.

Caveats. The trends described herein are
not without their dangers. The legal issues
surrounding electronic dissemination and
connectivity have been pointed out above,
as have some of the possible violations of
privacy that result from working in an open,
networked environment. Every technolog-
ical advance has its own risk for misuse,
whether this risk is legal, ethical, or merely
a matter of lost productivity and quality.
For example, the indiscriminate use of end-
user publication and distribution may by-
pass carefully established mechanisms for
editorial and peer review, leading to a pro-
liferation of low quality, unprofessional
publications. Similarly, the use of hyper-
media by authors who are not trained in
graphic design or media presentation may
produce a flood of incoherent research
products whose complexity makes them in-
accessible to their intended audiences. The
naive use of modeling tools, visualization
techniques, and virtual reality may seduce
researchers into believing results that seem
compelling despite the fact that they have
not been validated. Researchers and audi-
ences alike may tend to accept conclusions
based on state-of-the-art computations, such
as Al, with less than the required skepti-
cism, especially if these computations ex-
hibit a veneer of intelligence.

These dangers are real and may well pla-
gue scholarly researchers for decades to
come, as they adopt new methods empow-
ered by technology. Nevertheless, these
trends appear inevitable and are likely to
change the form and substance of scholarly
communication in fundamental ways.
Whether this change will ultimately im-
prove the quality of that research is a ver-
dict that only the future can deliver.

Summary

The availability of quantitative data and
numerical techniques for analyzing them
have had a marked effect on scholarly com-
munication over the past several decades.
The technology trends discussed here, as
well as others that may prove to be impor-
tant, are likely to have an even more pro-
found impact. This impact will do more
than simply change the work styles of
scholarly researchers: It will affect their
thought processes as well, suggesting new
kinds of research questions and new kinds
of answers. It will change the way re-
searchers collaborate and interact with their
peers and the way they produce their re-
sults. It will change the form of these re-
sults, the way they are distributed and
disseminated, their audiences, and the im-
pact they have on the research community
and the public. These changes, already un-
der way, will have profound implications
for the information services, libraries, and
archives that serve the research process.

SCHOLARLY COMMUNICATION
AND THE USE OF CURRENT
INFORMATION TECHNOLOGY

The previous section explored key trends
in information technology most relevant to
scholarly communication. This section
considers the use of currently available in-
formation technology by social science and
humanities scholars to advance scholarship
and intellectual productivity. The use of
technology across the full spectrum of
scholarly communication is considered by
examining how researchers rely on tech-
nology to: (1) identify sources, (2) com-
municate with colleagues, (3) interpret and
analyze data, (4) disseminate research find-
ings, and (5) develop curriculums and aid
instruction. Case examples of scholarly
practices illustrate broader tendencies within



