TecCch T rmology

By James J. Duderstadt

“The impact of information technology will be
even more radical than the harnessing of steam
and electricity in the 19th century. Rather it will
be more akin to the discovery of fire by early
ancestors, since it will prepare the way for a
revolutionary leap into a new age that will

profoundly transform human culture”

—Jacques Attali, Millennium: Winners and Losers in the Coming World Order (1992)*

Reprinted with permission from James J. Duderstadt, A University for the 21st Century (Ann Arbor: University of
Michigan Press, 2000). Dr. Duderstadt is President Emeritus and University Professor of Science and Engineering
at the University of Michigan. He also serves as Director of the Millennium Project, a research center concerned
with the future of higher education.
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If there was one sector that most strongly determined the
progress of the twentieth century, it was transportation and
its related industries—cars, planes, trains, oil, space. Trans-
portation determined prosperity, national security, even
our culture, with the growth of the suburbs and interna-
tional commerce and culture—and, coincidentally, created
the vast wealth to build America’s great universities.

Things are very different today. We have entered a new
erain which the engine of progress is not transportation but
communication, enabled by the profound advances we are
now seeing in computers, networks, satellites, fiber optics,
and related technologies. We now face a world in which
hundreds of millions of computers easily can plug into a
global information infrastructure. These rapidly evolving
technologies are dramatically changing the way we collect,
manipulate, and transmit information. They change the re-
lationship between people and knowledge.

From a broader perspective, today we find a conver-
gence of several themes: the importance of the uni-
versity in an age in which knowledge itself has
become a key factor in determining security,
prosperity, and quality of life; the global

These missions can also be regarded as simply the twenti-
eth century manifestations of the more fundamental roles
of creating, preserving, integrating, transmitting, and applying
knowledge. If we were to adopt the more contemporary
language of computer networks, the university might be
regarded as a “knowledge server,” providing knowledge
services (i.e., creating, preserving, transmitting, or applying
knowledge) in whatever form needed by contemporary
society.

From this more abstract viewpoint, it is clear that while
the fundamental knowledge server roles of the university
do not change over time, the particular manifestation of
these roles do change—and change quite dramatically in
fact. Consider the role of “teaching,” that is, transmitting
knowledge. Although we generally think of this role in
terms of a classroom paradigm, that is, of a professor teach-
ing a class of students, who in turn respond by reading

assigned texts, writing papers, solving problems or
performing experiments, and taking exami-
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becomes a computer and hence a window into the
Net. Asaresult, there is also a convergence in which com-
puter, telecommunications, entertainment, and commerce
are merging into a gigantic, $1 trillion “infotainment” mar-
ketplace. While technology has driven this convergence,
the real beneficiaries will be those organizations capable of
producing information content—whether they are enter-
tainment companies like Disney, software companies like
Microsoft, or educational organizations like the university.
Earlier we suggested that knowledge was both a medium
and a product of the university as a social institution. Since
information is the raw material for knowledge, it is reason-
able to suspect that a technology that is expanding our abil-
ity to manipulate information by orders of magnitude
every decade will have a profound impact on both the mis-
sion and the function of the university.

The University as a Knowledge Server
One frequently hears the primary missions of the univer-
sity referred to in terms of teaching, research, and service.

vironments. Tomorrow’s faculty may have to
discard the present style of solitary learning experi-
ences, in which students tend to learn primarily on their
own through reading, writing, and problem solving. In-
stead, they may be asked to develop collective learning ex-
periences in which students work together and learn to-
gether, with the faculty member becoming more of a
consultant or a coach than a teacher. Faculty members will
be less concerned with identifying and then transmitting
intellectual content and more focused on inspiring,
motivating, and managing an active learning process by
students. Of course this will require a major change in
graduate education, since few of today’s faculty members
are taught these skills.

One can easily identify similarly profound changes oc-
curring in the other roles of the university. The process of
creating new knowledge is evolving rapidly away from the
solitary scholar to teams of scholars, often spread over a
number of disciplines. The use of information technology
to simulate natural phenomena has created a third
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modality of research, on par with theory and experimenta-
tion. Entirely new methods of investigation are emerging
that enable scholars to address previously unsolvable prob-
lems, e.g., proving the four-color conjecture in mathemat-
ics, analyzing molecules that have yet to be synthesized,
simulating the birth of the universe, and analyzing a vast
archive of literature for hidden themes and comparisons.
Even the nature of knowledge creation is shifting some-
what away from the analysis of what has been to the creation of
what has never been—drawing more on the experience of the
artist than upon analytical skills of the scholar.

The preservation of knowledge is one of the most rap-
idly changing functions of the university. The computer—
or more precisely, the “digital convergence” of various
media from print-to-graphics-to-sound-to-sensory experi-
ences through virtual reality—will likely move beyond the
printing press in its impact on knowledge. Throughout the
centuries, the intellectual focal point of the university has
been its library, its collection of written works

Today such knowledge exists in many

rithms, and virtual reality simula-
tions—and it exists almost literally in

the ether, distributed in digital rep-
resentations over worldwide net-
works, accessible by anyone, and
certainly not the prerogative of the
privileged few in academe. The li-
brary is becoming less a collection
house and more a center for knowl-
edge navigation, a facilitator of informa-
tion retrieval and dissemination.? In a
sense, the library and the book are merging.

One of the most profound changes will involve the
evolution of software agents, collecting, organizing, relat-
ing, and summarizing knowledge on behalf of their human
masters. Our capacity to reproduce and distribute digital
information with perfect accuracy and with essentially zero
cost has shaken the very foundations of copyright and
patent law and threatens to redefine the nature of the own-
ership of intellectual property.” The legal and economic
management of university intellectual property is rapidly
becoming one of the most critical and complex issues fac-
ing higher education.

Itis also clear that societal needs will continue to dictate
great changes in the applications of knowledge society ex-
pects from universities. Over the past several decades, uni-
versities have been asked to lead in applying knowledge
across a wide array of activities, from providing health care
to protecting the environment, from rebuilding our cities
to entertaining the public at large (although it is sometimes
hard to understand how intercollegiate athletics represents

preserving the knowledge of civilization. Techn()logy

forms—as text, graphics, sound, algo- SUCh as ComputerS, netWOFkS,
high-definition television,
Ubiquitous computing, knowbots,
and other technologies may well
invalidate most of the current
assumptions and thinking
about the future nature
of the university.

knowledge application). In the years ahead higher educa-
tion will be challenged to address our ever-changing social
priorities, for example, economic competitiveness, K-12
education, and global change.

These abstract knowledge-centered roles of the univer-
sity have existed throughout the long history of the univer-
sity and will certainly continue to exist as long as these re-
markable social institutions survive. But the particular
realization of the fundamental roles of knowledge creation,
preservation, integration, transmission, and application
will continue to change in profound ways, as they have so
often in the past. In this sense, the challenge of change, of
transformation, is necessary simply to sustain our tradi-
tional roles in society.

Since the business of the university is knowledge, the
extraordinary advances in information technology will
have profound implications for universities. Rapidly
evolving technologies are dramatically changing the way

we collect, manipulate, and transmit informa-
tion. This directly challenges the traditional
paradigms of the university, where
processes of knowledge creation,
preservation, transmission, and ap-
plication are still largely based on
books, chalk boards, oral lectures,

and static images.
Over the past several decades,
computers have evolved into power-
ful information systems with high-
speed connectivity to other systems
throughout the world. Public and pri-
vate networks permit voice, image, and
data to be made instantancously available
across the world to wide audiences at low costs.
The creation of virtual environments where human
senses are exposed to artificially created sights, sounds, and
feelings liberate us from restrictions set by the physical na-
ture of the world in which we live. Close, empathic, multi-
party relationships mediated by visual and aural digital
communications systems are becoming common. They
lead to the formation of closely bonded, widely dispersed
communities of people interested in sharing new experi-
ences and intellectual pursuits created within the human
mind via sensory stimuli. Computer-based learning sys-
tems are also being developed, opening the way to new
modes of instruction and learning. New models of libraries
are being explored to exploit the ability to access vast
amounts of digital data in physically dispersed computer
systems, which can be remotely accessed by users over

information networks.

New forms of knowledge accumulation are evolving;
written text, dynamic images, voices, and instructions on
how to create new sensory environments can be packaged

in dynamic modes of communication never before possi-
ble. The applications of such new knowledge forms
challenge the creativity and intent of authors, teachers,
and students. Technology such as computers, networks,
high-definition television, ubiquitous computing, know-
bots, and other technologies may well invalidate most
of the current assumptions and thinking about the future
nature of the university.

Although the digital age will provide a wealth of oppor-
tunities for the future, we must take great care not simply
to extrapolate the past but instead examine the full range
of possibilities for the future.” It could well be that our
present institutions such as universities and government
agencies, which have been the traditional structures for
intellectual pursuits, may turn out to be as obsolete and
irrelevant to our future as the American corporation of the
1950s. There is clearly a need to explore new social struc-
tures that are capable of sensing and understanding the
change and of engaging in the strategic processes necessary
to adapt or control it. . ..

Some Operational Issues for Universities
All universities face major challenges in keeping pace with
the profound evolution of information and its implication
for their activities. Not the least of these challenges is fi-
nancial, since as a rule of thumb most organizations have
found that staying abreast of this technology requires an
annual investment of roughly 10 percent of their operating
budget. For a very large campus such as the University of
Michigan, this can amount to hundreds of millions of dol-
lars per year!

But there are other challenges. Many universities are
simply unprepared for the new plug-and-play generation,
already experienced in using computers and net-savvy,
who will expect—indeed, demand—sophisticated com-
puting environments at college. More broadly, infor-
mation technology is rapidly becoming a strategic
asset for universities, critical to their academic mission
and their administrative services, that must be pro-
vided on a robust basis to the entire faculty, staff, and
student body.
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In positioning themselves for this technology, universi-
ties should recognize several facts of contemporary life.
First, robust, high-speed networks are becoming not only
available but also absolutely essential for knowledge-
driven enterprises such as universities. Powerful comput-
ers are available at reasonable prices to students, but these
will require a supporting network infrastructure. There will
continue to be diversity in the technology needs of faculty,
with the most intensive needs likely to arise in parts of the
university such as the arts and humanities where strong ex-
ternal support may not be available.

Historically, technology has been seen as a capital ex-
penditure for universities or as an experimental tool to be
made available to only a few. In the future, higher education
should conceive of information technology both as an in-
vestment and a strategic asset that will be used by the entire
faculty, staff, and student body to sustain and enhance the
mission of the university. The following are some pos-
sible guidelines for such investments, gleaned

from many years of experience at Michigan In the futu Ie,

higher education should

conceive of information
technology both as an investment
and a strategic asset that will be

and other universities:

Invest in “Big Pipes”

While the processing power of com-
puters continues to increase, of far
more importance to universities is

the increasing bandwidth of com-

Strive for Multi-Vendor, Open Systems Environments

Universities should avoid hitching their wagons to a small
set of vendors. As information technology becomes more of
a commodity marketplace, new companies and equipment
will continue to appear. The great diversity in needs of vari-
ous parts of the university community also will demand a
highly diverse technology infrastructure. Humanists will
seek robust network access to digital libraries and graphics
processing. Scientists and engineers will seck massively
parallel processing. Social scientists will likely seek the ca-
pacity to manage massive databases, for example, data
warehouses and data mining technology. Artists, architects,
and musicians will require multimedia technology. Busi-
ness and financial operations will seek fast data processing,

robust communications, and exceptionally high security.
Linking these complex multi-vendor environments to-
gether will be a challenge, since they use different equip-
ment, diverse software and operating systems for varying
purposes. For this reason, it is important to insist
on open-systems technology rather than rely-
ing on proprietary systems. Fortunately,
most information technology is moving
rapidly away from proprietary main-
rames (“big iron”) to client-server sys-
tems based on standard operating sys-
tems such as Unix, Linux, or
Windows-NT. There is a vast array of

munications technology. Both In- Used by the entlre facuny, Staﬁ, and commercial off-the-shelf software

ternet access to off-campus re-
sources and “intranet” capability to

link students, faculty, and staff to-
gether are the highest priority. The key
theme will be connectivity, essential to the
formation and support of digitally mediated
communities.

Universities are straining to keep up with the connectiv-
ity demands of students. Today’s undergraduates are al-
ready spending hours every day interacting with faculty,
students, and home while accessing knowledge distributed
about the world. Simply keeping pace with an adequate
number of modem ports to meet the demands of off-
campus students for access to campus-based resources and
the Internet is overloading many universities. Installing a
modern on-campus network—a “wire plant”—has become
one of the most critical capital investments faced by the
university.

The Internet itself is evolving rapidly as a result of vari-
ous efforts. University research initiatives such as the Inter-
net2 project and broader federal efforts such as the Next
Generation Internet or the National Information Infra-
structure projects are contributing to this growth. This will
compel universities to move rapidly to keep pace with the
bandwidth of available backbone networks.’

student body to sustain and
enhance the mission
of the university.

available for such open systems.

As digital technology becomes in-
creasingly ubiquitous, universities will
have to make intelligent decisions as to
just what components they will provide and
which should be the personal responsibility of
members of the community. While networks and spe-
cialized computing resources will continue to be the re-
sponsibility of the university, the purchase of other digital
devices such as personal communicators will almost cer-

tainly be left to the student, faculty, or staff member.
Universities will need to strive for synergies in the inte-
gration of various technologies. Beyond the merging of
voice, data, and video networks, there will be possibilities as
well to merge applications across areas such as instruction,
administration, and research. The issue of financing will
become significant as institutions seck a balance between
institution-supported central services and point-of-access

payments through technologies such as smart cards.

Student Participation

There continues to be a debate about whether students
should be required to purchase their own computers.
Student experience with and their access to information
technology is evolving rapidly. In 1997 surveys, the University
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of Michigan found that over 90 percent of its first-year stu-
dents arrived on campus with at least three years of com-
puter experience, and essentially all graduating
seniors indicated they made extensive use of computers
during their education. Over 60 percent owned computers
when they first arrived on campus, and a far higher
percentage owned personal computers by the time of grad-
uation. Our students currently spend about twelve to four-
teen hours a week on a computer, with roughly half of this
on the Net. By way of comparison, faculty members indi-
cated that they spend about twenty hours a week working
on computers; a significant fraction of this work was
done at home. Over 90 percent of the faculty have personal
computers.t

Universities should be prepared to support the personal
computing needs of students by providing robust network
linkages both in residence halls and student commons
areas. They should negotiate with community telecommu-
nications companies—both telephone and cable television
companies—to facilitate off-campus communications,
while at the same time providing sufficient network

communication ports to facilitate off-campus students.

The role that universities can play in negotiating dis-
counts with hardware manufacturers for student personal
computers is more controversial. Local retailers complain
that this represents unfair competition (although, in reality,
most will benefit significantly from consequent software
and peripheral sales). It is my belief that universities have an
obligation to assist students in acquiring the hardware and
software that have become essential for their education.

As personal computer technology saturates the student
body, universities should continue to build and maintain
public computer sites where students can have access to
more powerful technology. In a very real sense, these com-
puter cluster sites are becoming analogous to the role that
libraries played in the past. They provide students with the
access to knowledge necessary for their studies, as well as
places to study, gather, and collaborate.

Cultural Issues
Although making the necessary investment in the technol-
ogy infrastructure and support services will strain univer-

sity budgets, the most critical challenges may involve the
culture of the university. We have already noted that there
will be great diversity in the technology needs of various
disciplines and programs, and these needs will likely not be
aligned with financial resources. There is an important
strategic issue facing most universities: Should the evolu-
tion of information technology be carefully coordinated
and centralized or allowed to flourish in a relatively uncon-
strained manner in various units? Perhaps because of our
size and highly decentralized culture, at Michigan we have
long preferred a “let every flower bloom” approach. We
have encouraged islands of innovation, in which certain
units are strongly encouraged to move out ahead to explore
new technologies. This has allowed some programs to
move into leadership roles and serve as pathfinders for the
rest of the university.

Another cultural issue involves just who within the
university community will drive change. Many of our en-
tering students—and soon, possibly most—have computing
skills far beyond those of our faculty. Our experience tells
us that it will not be the faculty or staff but rather the
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students themselves that will lead in the adoption of new
technology. As members of the digital generation, they are
far more comfortable with this emerging technology. They
are a fault-tolerant population, willing to work with the
inevitable bugs in “Version 1.0” of new hardware and
software.

Although information technology today is used primar-
ily to augment and enrich traditional instructional offer-
ings, over the longer term it will likely change the learning
paradigm. It will likely change the methods of scholarship.
And it will certainly change the relationship between fac-
ulty and staff and the university. For example, as the univer-
sity is viewed increasingly as a “content provider,” with the
evolution of the commodity classroom, learning ware, and
the like, we will need to rethink issues such as ownership of
faculty course materials.

As one example of this phenomenon, many students are
already moving rapidly to embrace Net-based learning and
take increasing control over their own education. They are
still enrolling in traditional academic programs and partici-
pating in time-tested pedagogy such as lecture courses,

-
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homework assignments, and laboratory experiments. But
many students approach learning in very different ways when
they work on their own. They use the Net to become “open
learners,” accessing worldwide resources and Net-based com-
munities of utility to their own learning objectives.

What about productivity? Information technology can
certainly enhance the quality of academic programs. But ex-
tensive experience in the private sector has suggested that
this technology is able to improve productivity and lower
costs only if the fundamental process of work itself is re-
engineered. In other words, before we can achieve an eco-
nomic benefit from this technology, we must first reexam-
ine our current paradigms for teaching and learning.

Here, it is important to recognize that effective use of the
emerging knowledge media will require—indeed, drive—a
major transformation in the teaching, learning, and admin-
istrative processes of higher education. While the tradi-
tional faculty culture and organization may at first resist the
use of these technologies as they have in the past, the
learner-centered, open-learning environments
information technology makes possible
seem inevitable.

No one knows what this profound
alteration in the fabric of our world
will mean, both for academic work
and for our entire society. As William
Mitchell, dean of architecture at MIT,
stresses, “The information ecosystem
is a ferociously Darwinian place that
produces endless mutations and
quickly weeds out those no longer able
to adaptand compete. The real challenge
is not the technology, but rather imagining
and creating digitally mediated environments
for the kinds of lives that we will want to lead and
the sorts of communities that we will want to have7 It is
vital that we begin to experiment with the new paradigms
that this technology enables. Otherwise, we may find our-
selves deciding how the technology will be used without re-
ally understanding the consequences of our decisions.

Concluding Remarks
Clearly, the digital age poses many challenges and opportuni-
ties for the contemporary university. For most of the history of
higher education in America, we have expected students to
travel to a physical place, a campus, to participate in a peda-
gogical process involving tightly integrated studies based
mostly on lectures and seminars by recognized experts. As the
constraints of time and space—and perhaps even reality it-
self—are relieved by information technology, will the univer-
sity as a physical place continue to hold its relevance?

In the near term it seems likely that the university as a
physical place, a community of scholars and a center of cul-

As the constraints
of time and space—
and perhaps even reality itself—

are relieved by
Information tecfnology,

Will the university

as a physical place

continue to hold its
relevance?

ture, will remain. Information technology will be used to
augment and enrich the traditional activities of the univer-
sity in much its traditional forms. To be sure, the current
arrangements of higher education may shift. For example,
students may choose to distribute their college education
among residential campuses, commuter colleges, and on-
line or virtual universities. They may also assume more re-
sponsibility for and control over their education. In this
sense, information technology is rapidly becoming a liber-
ating force in our society, not only freeing us from the men-
tal drudgery of routine tasks, but also linking us together in
ways we never dreamed possible, overcoming the con-
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velop a strategic framework capable of
understanding and shaping the impact
that this extraordinary technology will
have on our institutions. We are on the
threshold of a revolution that is making
the world’s accumulated information and
knowledge accessible to individuals every-
where, a technology that will link us together into
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This has breathtaking implications for education, research,
and learning that cannot be ignored by the university. €
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