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Any sufficiently advanced technology is indistinguishable from magic.
—Arthur C. Clarke

etworking’s history has been breathtaking. The 1980s
promise of information “anytime and anywhere” has
been achieved and surpassed. Siebel Systems’ tag line
updates this promise succinctly: the network provides
“what you need, when you need it” Where the com-
puter has indeed evolved into a sophisticated tool to
compute and to store and edit files that reside on our
desktops (and much, much more), the emergence of
networking and the Internet have extended the computer’s
reach and indeed have recast the computer as a communica-
tion tool. It is a tool for looking outward as well as inward. Sun
Microsystems’ Bill Joy makes the point forcefully: “Discon-
nected from the network, my computer is nearly as useless as a
cell phone in an area with no cellular service*

It was in many ways easier to forecast networking’s progress
to this point than to predict its future. Early advocates and pio-
neers who could anticipate and envision personal computers, a
common user interface, search engines, and the like could also
foretell how linking more people and devices through a shared
network would alter how we work, learn, socialize, and recre-
ate.2 Looking ahead to the next 25 years isn't so easy. In fact,
most futurists refuse to speculate this far into the future and
are quick to point out that Moore’s Law and other rules of
thumb that predict the growth of storage devices, network con-
nectivity, and number of network connections suggest growth
by a factor of a million in fewer than 30 years. Such capabilities
and their social, economic, and political implications more
closely resemble science fiction than science, and it is reason-
able to restrict our discussion to a shorter time frame, focusing
on changes likely to occur on “this” side of the science-science-
fiction boundary.
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Two Shifts Ahead

According to HP CEO Carly Fiorina,
“We have entered an age now where
every process and all content will be-
come mobile, virtual, and personal.”
In the higher education context, Fior-
ina’s characterization will likely pres-
entitself in the form of two interrelated
shifts that will accelerate in the next 5
to 10 years.

FROM TO
Isolated »|Integrated
networked cyberinfra-
research tools structure
Connectivity » Pervasive
“as available” and
personalized
intelligence
and commu-
nication
Toward an Integrated
Cyberinfrastructure

Computers and networks have
changed how research is conducted in
many academic disciplines. New and
emerging disciplines like computa-
tional chemistry, computational biol-
ogy, bioinformatics, atmospheric infor-
matics, and others bear witness to the
revolution in scholarship that is under
way. The 2003 report of the National Sci-
ence Foundation Blue Ribbon Advisory
Panel on Cyberinfrastructure described
these changes as constituting “a revolu-
tion in how we create, disseminate, and
preserve scientific and engineering
knowledge The NSF panel described
the concept of an advanced infrastruc-
ture layer on which “scientific and engi-
neering research and education envi-
ronments could be built”

This layer sits between the expo-
nentially growing network and com-
puting infrastructure and the complex
of scientific instruments, data, knowl-
edge, disciplines, and communities of
practice. The envisioned cyberinira-
structure is a layer of “enabling hard-
ware, algorithms, software, communi-
cations, institutions, and personnel
[organized] ... for the empowerment of
specific communities of researchers to
innovate and eventually revolutionize
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what they do, how they do it, and who
participates.” This layer would include
“grids of computational centers ... com-
prehensive libraries of digital objects ...
multidisciplinary, well-curated collec-
tions of scientific data ... thousands of
online instruments and vast sensor ar-
rays ... toolkits for resource discovery,
modeling, and interactive visualization
...and the ability to collaborate with
physically distributed teams of people
using all of these capabilities.”
Recognizing the importance of such
acoordinated cyberinfrastructure forall
scholarship, the American Council of
Learned Societies (ACLS) organized the
Commission on Cyberinfrastructure for
the Humanities and Social Sciences in
2004 and charged its members with

m describing the cyberinfrastructure’s
current state for the humanities and
social sciences,

m articulating the requirements and
potential contributions of the hu-
manities and social scientists to the
cyberinfrastructure’s evolving defi-
nition, and

m recommending areas of emphasis
and coordination between the ACLS
and other organizations and institu-
tions that will be developing the
cyberinfrastructure.®

The ACLS will disseminate its findings
and recommendations in 2005.
Elements of the envisioned cyberin-
frastructure already exist. Federally
funded projects such as the Network for
Earthquake Engineering Simulation
(NEES), the National Virtual Observa-
tory, and the Space Physics and Aeron-
omy Research Collaboratory (SPARC)
represent cyberinfrastructure elements
that support the physical sciences, while
the Human Genome Project and the Na-
tional Institutes of Health (NTH) Bio-
medical Informatics Research Network
(BIRN) represent just two such elements
that support the life sciences. States and
regions are preparing the ground for the
cyberinfrastructure by acquiring dark
fiber and establishing governance struc-
tures that will link K-12 and higher edu-
cation to enable collaboration among

physically distributed teams of people
described by the NSF panel.

Campuses, too, are building and link-
ing elements of this envisioned cyberin-
frastructure. Syracuse University, for ex-
ample, is funding work on wireless grids
to explore the intersection of wireless
technology and high-performance grid
supercomputing, while the Cal-(IT)? pro-
gram at the University of California, San
Diego (UCSD), explores the use of light
pipes (lambdas) to provide researchers
with a solid, “jitter free;” predictable net-
work on which to build the grid.

The integration challenge will be
daunting. Organizations like Internet2,
the National LambdaRail (NLR), and the
Globus Alliance are collaborating to de-
velop and promote the standards and
governance that will knit the disparate re-
search networks, cybertools, and data sets
into the envisioned cyberinfrastructure.
Internet2’s Van Houweling counsels,
“This time around, the technical issues
are larger than they were in the past, sowe
need more brains and better cooperation
than we had in the past. We have many ef-
forts and activities in all these areas
throughout the higher education com-
munity. We need to make sure that these
efforts are integrated and use a common
architecture, so our network infrastruc-
ture does not become Balkanized”

Toward Pervasive and Personalized
Intelligence and Communications

If the networking community’s battle
cry of the 1980s was “[information] any-
time, anywhere,” and if that cry evolved
in the 1990s into “what you want, when
you need it,” then perhaps networking’s
driving vision in the future will be “all
you can imagine, all the time”” This vi-
sion of the cyberinfrastructure suggests
quite clearly what Frances Cairncross
called the “death of distance” and the
blurring of the lines between real and
virtual in the context of learning and
scholarship.® In the coming years, the
lines that distinguish the real from the
virtual will indeed grow fainter, driven
by four key trends:

m logical connectivity,
m smart and talkative devices,



m convergence, and
m personalized on-demand and reli-
able services.

These capabilities, of course, must be in-
tegrated and deployed in ways that are
compellingly human and that foster
community and not social isolation.

The Institute of Electrical and Elec-
tronics Engineers (IEEE) defines perva-
sive computing as systems that are mo-
bile and ubiquitous. Mobility and
ubiquity in turn depend on systems that
are portable; untethered from desktops;
always on, and in fact, scalable on de-
mand; and that, as Sun Microsystems’
Bill Joy puts it, “unbottle” media and in-
teractions from their conventional
containers.

Logical Connectivity
Much of networking’s history has been
the history of wires. In fact, UCSD’s
Larry Smarr sums it up well when he
proclaims, “Conduit is power”” Con-
tinuous engineering and manage-
ment effort have been devoted over
35 years to expanding the number of
bits that can be passed along electri-
cal currents in copper wires and,
more recently, to the transport of bits
on light waves through optical fibers.
These techniques, and the accompa-
nying electronics, made networking a
captive of the physical environment.
In higher education, therefore, early and
continuous attention has been paid to
“wiring the campus”—that is, installing
backbone networks and distribution
systems across campuses and into of-
fices, classrooms, laboratories, dormito-
ries, and so forth, and connecting these
backbones to access points to the Inter-
net, Abilene, or other specialized exter-
nal networks. The idea and benefits of
transporting bitstreams on the backs of
radio waves, microwaves, or other spec-
tral waves that demand no wires, con-
duit, trenches, and building construc-
tion have long been understood and
used, but the technologies and stan-
dards needed to make this possible cost-
effectively are recent.

Today, as this report suggests, wire-
less networking is widespread through-

out higher education. And as this tech-
nology penetrates higher education
more broadly,and as wireless broadband
and security solutions present them-
selves, higher education’s cyberinfra-
structure managers are enlarging their
views about wireless networks’ role and
importance. The Darwin Group’s Mike
Roberts notes, “Broadband wireless has
along way to go in terms of utility. But it
has already changed computing more
than the old-timers thought it would.
Look at the extent to which everyone is
assuming a wireless environment—in
the classroom and now even homes” In-
deed, Intelnow tracks and publicizes the
“Most Unwired Cities” and a recent sur-
vey of senior corporate executives re-
vealed that the most popular technology
among respondents was wireless Inter-
net connections at home.* Spending on
home networking in 2004 reached $8.4

States and regions
are preparing the ground
for the cyberinfrastructure
by acquiring dark fiber
and establishing governance
structures that will link
K-12 and higher education
to enable collaboration.

billion and is forecast to reach $17.1 bil-
lion by 2008.

To a great extent, campus networking
has already gone wireless. In 2002,
ECAR reported that 7 percent of survey
respondents had implemented compre-
hensive wireless networks and that an
additional 52 percent had implemented
alimited amount of wireless networking
on campus. By 2004, more than 75 per-
cent of those responding to this study’s
survey had implemented or were plan-
ning to deploy 802.11g-based wireless
networks widely in the next 12 months.
Our students are responding as well.
The 2004 ECAR Study of Students and In-
formation Technology reported that 93.4
percent of the 4,374 freshmen and sen-
iors who responded to this survey
owned computers and that 46.8 percent

of these owned laptop computers. Im-
portantly, many laptop computers now
come preconfigured with wireless ac-
cess capabilities, and ownership of lap-
top computers among freshman respon-
dents in the ECAR study is higher (52.7
percent) than among seniors.™

Smart and Talkative Devices

Another amazing and challenging as-
pect of the future of networking is the
embedding of communicating “intelli-
gence” in anything and everything. The
Information Age is moving from the ex-
treme early skepticism of those like Digi-
tal Equipment Corporation’s Ken Olsen
or Microsoft's Bill Gates, who could not
imagine uses for home computers, to
Wal-Mart's mandate that its 100 largest
suppliers were to have all of their cases
and pallets “chipped” with radio fre-
quency identification devices (RFID) by

January 1,2005.

In terms of pervasive networking,
placing a brain and vocal chords in
things like paper, postage stamps,
cases of wine, children’s backpacks,
and so forth means that ultimately
everyone and everything is reachable
on the network. Today, for example,
logistics and distribution manage-
ment firms like United Parcel Service
of America (UPS) and Federal Express
(FedEx) integrate bar codes, scanners,
wireless messaging, databases, and

the Internet to track shipments’ progress
from supplier to consumer. This com-
plex of technologies fosters information
resources and business processes thatin-
corporate the customer, reducing cus-
tomer phone calls and enabling things
like proactive online customer alerts. To-
morrow, RFID chips and sensor net-
works will let packages, library books,
and other objects announce themselves,
their whereabouts, expiration dates, and
condition to servers and ultimately to the
Internet. These capabilities will enable
orders to be refilled, perishable stocks to
be replenished, shoplifters to be nabbed,
and lost pets and children to be found.
New York’s Museum of Modern Art
(MoMA), for example, has already
“chipped” works of art to track them
in transit. More interestingly, MoMA
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curators plan ultimately for highly intel-
ligent chips that will interact with mu-
seum patrons’ handheld or wearable de-
vices, enriching the patrons’ education
and experience.

The implications for other cultural
and educational institutions are evi-
dent. Gartner Research Fellow Martin
Reynolds describes a world in which “a
hospital could track every patient and
every pill in the building. Airlines
could track every passenger and every
bag” In fact, the United States is al-
ready deploying “chipped” passports,
and the European Union (EU) is con-
templating embedding intelligence in
paper euros. UCSD CIO Elazar Harel
concludes that “with embedded chips
and RFID coming, not just everyone,
but everything, is reachable—for better
or worse.”
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The proliferation of widespread em-
bedded technology will require the de-
velopment, deployment, and manage-
ment of sensor networks. David Culler
of the University of California at Berke-
ley and Intel is among those working on
the hardware and software that will en-
able thousands or even millions of sen-
sors to communicate. His team has pio-
neered ways to conserve power and
developed the TinyOS for sensor de-
vices. Other teams are working on mak-
ing sensors smaller and smarter and de-
veloping the network electronics
needed to route and switch the things
that things say.

Convergence

A second force driving the pervasive-
ness is the convergence of voice, data,
and video networks and the deployment

of converged services. In fact, Clifford Stoll
describes the Internet as a “telephone
system that’s gotten uppity!” According
to Burton Group’s Irwin Lazar, “Dis-
jointed forms of personal communica-
tions will rapidly converge into a unified
application that combines voice, Instant
Messaging (IM), video, collaboration,
and presence. The result will improve
organizational efficiency, allowing indi-
viduals or groups to communicate di-
rectly with each other through a com-
mon system, regardless of device or
application8 Lazar goes on to describe
the characteristics of a converged com-
munications environment:

m Individuals control how they are
contacted.

m Various forms of communication
can interact.



m Communicators can learn about
each other’s availability and location.

m Communications systems keep track
of people’s accessibility regardless of
the device or system they use.

m People can set the parameters for
application-to-voice interactions.

m The converged environment will
support legacy communications
applications.™

In the next few years, higher educa-
tion’s IT leaders will be challenged to
manage convergence on the technical,
organizational, legal, and social levels.
Technically, we will need to deploy suffi-
cient bandwidth to accommodate the in-
evitable rise in video traffic on institu-
tional networks. We will need to deploy
an infrastructure—or acquire one—that
will support unified messaging. We will

need to review, acquire, and deploy tools
that will let end users really integrate
converged services and tools into their
work. Indeed, the evidence is strong that
when telephones got smart, most of us
did not, and our phone systems’ “ad-
vanced features” today go largely un-
used. Technical convergence also signals
a multiplicity of intelligent devices. The
emergence of “integrated communica-
tors” will pose tremendous support
challenges as technical capabilities race,
as always, with technical standards and
human learning curves. Those who
manage the institution’s IT and informa-
tion resources will have to make and
continually revisit choices about which
platforms to support and about the
breadth, quality, and duration of help
desk hours as devices cross the bound-
aries between institutional and personal

use. The challenge, as Lazar suggests, is
presence: the ability to convey real-time
information about people’s current lo-
cation and the forms of communication
(audio phone, IM, video conference, and
so on) they can use.

Convergence will also challenge tra-
ditional campus assumptions about
networking control, as campus citizens
walk in and out of campus networks’
range and into the range of cellular car-
riers and others. Harmonizing these
disparate environments will prove
complex from economic, technical,
and policy perspectives.

Organizationally, convergence is al-
ready disrupting the college and univer-
sity workplace. Voice communications
are going digital, are ripe for technical
convergence, and no longer represent an
attractive source of institutional cost

July/August 20051 EDUCAUSEreview

67



recoveries. As the economics of stand-
alone voice communications become
increasingly problematic and as the
technical barriers to integrating com-
munications services abate, most insti-
tutional leaders will move to invest not
only in technical convergence but also
in the organizational integration of
often separately organized voice and
data communication teams. Burton
Group’s Irwin Lazar advises, “To under-
stand and plan for this fundamental
change, enterprises must bring together
disparate teams responsible for sepa-
rate individual applications into a uni-
fied convergence work group that will
set strategic direction for enterprise
communications.”>

Convergence, in the end, is less a
technical exercise than a social one. It
promises technology-mediated collabo-
ration and community. According
to the University of Manchester’s
Mark Clark, “The nature of docu-
ments is increasingly trending to
compound documents that incor-
porate image, data, text, and voice
annotation. E-mail is likely to
shrink as a way of sharing docu-
ments, giving way to the increased
use of collaborative working envi-
ronments for document develop-
ment analysis, editing, and even
drafting. Video conferencing, par-
ticularly that on the high end associated
with technologies such as access grids, is
showing exponential growth. Increas-
ingly, virtual communities will be built
upon networks as the glue to provide so-
cial cohesiveness” Managing the de-
ployment and then integration of con-
verged technologies into a cohesive,
converged service environment—and
ultimately into the kind of rich collabo-
rative environment Clark describes—
will likely demand considerable atten-
tion in the future.

Personalized “On-Demand”

and Reliable Services

The commercial sector describes a
world of “competitive Darwinism” in
which “unstoppable drivers are creat-
ing a new on-demand environment
where competition is intense, change is
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continuous, financial pressures are un-
relenting, and threats are unpre-
dictable* These drivers are impelling
businesses to deploy and manage tech-
nical environments (and business
processes) that are focused, responsive,
variable, and resilient. In higher educa-
tion, this technical challenge is often
described as grid computing, a vision
of distributed computing wherein
large-scale resources are shared in a
flexible, secure, and coordinated man-
ner among individuals, institutions,
and resources.

The promise of grid computing, on-
demand business, five-9s reliability,
personalized “lambdas,” and other
technical and organizational innova-
tions and directions will lead to the cre-
ation of a secure cyberinfrastructure
thatis

The decision to support
optical networking
will in turn drive changes
in wavelength capacities,
network topology,
and protection and
restoration mechanisms.

m highlyleveraged (across individuals,
institutions, and resources);

m responsive to real-time changes in
demand; and

m available 24 x 7 in an uninterrupted
manner.

Realizing these complementary vi-
sions will not only require flexible
technical architecture, protocols, ser-
vices, interfaces, and software develop-
ment kits but will also depend on “co-
ordinated resource sharing and
problem solving in dynamic, multi-
institutional virtual organizations.””

Implications

These shifts have enormous and excit-
ing implications for global society in
general and higher education in partic-
ular, including

m broadband forall;

m anew era of data-intensive scholar-
ship; and

m increased virtuality, mobility, and
community in the academy.

Broadband for All
Tom West, president of National
LambdaRail, builds on the point about
networking’s collaborative imperative
and on higher education’s past and fu-
turerole: “I believe that the research and
education community has a steward-
ship role to the larger community. We
must provide connectivity to every loca-
tion in the country—that means every
school connected by fiber to state, re-
gional, and national networks. Higher
education has a part to play in our soci-
ety’s challenge to make the capabilities
of networking available to every citizen”
This ethos impels initiatives
like “One Gigabit or Bust” from the
Corporation for Education Net-
work Initiatives in California
(CENIC). According to CENIC
President Jim Dolgonas, “The
[California] gigabit initiative is de-
signed to stimulate one-gigabit
broadband to all Californians by
2010. Our goal is to help the re-
search sector serve our commu-
nity best, by doing what the com-
mercial sector isn't doing” Again,
the tradition of collaboration in higher
education networking is a paramount
success driver. Dolgonas sees “a real
challenge in creating and maintaining
the sense of community necessary to
bring about our higher education pri-
vate networks. If I buy from a carrier, it
is a traditional vendor-customer rela-
tionship, and supposedly I am in con-
trol. In contrast, in regional and na-
tional network consortia, we have
equal players, requiring that some par-
ticipants have to compromise. It is a bit
like shared services and—if you can do
it—the benefits are great and there are

gigantic payoffs.”

The enthusiasm and optimism that
suffuse this section do not intend to
minimize the digital divide’s impor-
tance. EDUCAUSE Vice President
Mark Luker reminds us that “the miss-



ing link is that last mile, where cities
and rural areas are not fully wired.”
For such locales, Luker advises “the
huge breakthrough is wireless. Small
towns are starting to wire whole com-
munities with wireless—putting an-
tennac on grain silos and water towers.
Technology is moving very fast
and getting faster. Wireless is a true
breakthrough for places that have
been underserved.”

The Era of Data-Intensive Scholarship
UCSD Professor Larry Smarr describes
the future as an “era of data-intensive sci-
ence™® At the November 2004 ECAR
Symposium, Smarr described some of
the key layers and elements that will
constitute this era and the place of the
network amidst this complex mix of
technologies, academic disciplines, and
human behaviors.

Chapel Hill, believes that in the past few
years the United States has not devoted
sufficient resources to high-tech re-
search projects and said the bill will help
put U.S. supercomputing “back on the
front burner

The era of data-intensive science
ahead will not just be defined by or
confined to supercomputing and scien-
tific uses of data. Today’s young social
science investigators are exploring big
econometrics, big sociology, and even
big history, for example. Choreogra-
phers are using visualization and simu-
lation techniques to model and teach
dance, orchestral performers conduct
master classes across great distances,
and literature scholars are using algo-
rithms to conduct content analyses of
texts long believed to have been “mined
out.” Geographers are experiencing
an intellectual renaissance, having

Organization of Elements in an Era of Data-Intensive Science

Policy, Management, and Social Interactions

Environmental Intelligent
and Civil Transportation
Infrastructure

Digitally New Media
Enabled Arts
Genomic

Medicine

Interfaces and Software Systems

Network Infrastructure

Materials and Devices

(Source: Larry Smarr)

In November 2004, the U.S. Congress
approved a bill that increases funding
for supercomputing initiatives in the
United States and extends greater access
to such systems to academic researchers.
The bill, which both houses of Congress
passed and President Bush is expected
to sign, directs the Department of En-
ergy to “deploy a high-end computing
system that is among the most advanced
in the world” The bill also requires the
Department of Energy to give academic
researchers access to supercomputing
systems. Although the bill does not ap-
propriate funds, it authorizes the de-
partment to spend up to $165 million
over three years. Daniel A. Reed, vice
chancellor for information technology
at the University of North Carolina at

incorporated remote sensing, global
positioning systems (GPS), and other
data-intensive techniques into their re-
search practice.

The scale of computing, storage, and
networking is changing profoundly. Two
University of Houston engineering pro-
fessors recently won a $1.1-million grant
from the National Science Foundation to
develop a storage device using nan-
otechnology. This technology could
allow the complete contents of the Li-
brary of Congress to fit on a handheld
computer.?° Doug Van Houweling de-
scribes the era of data-intensive scholar-
ship in terms of “disruptive applica-
tions,” which by themselves can take
much of any shared bandwidth that is
available. Such applications include

m real-time access by physicists to par-
ticle collisions at CERN, FermiLab,
and elsewhere that require 6- to 7-
gigabit throughput;

m access to pathology tissue banks for
telemedicine, requiring gigabit
speeds per simultaneous user; and

m access to data from distributed radio
telescopes, microscopes, and other
high-performance instruments.

According to Smarr and to Burton
Group’s Daniel Golding, trends like these
are changing how connectivity between
data centers is architected. Past models
called for relatively small carrier circuits
connecting many enterprise data centers.
However, several recent developments
suggest we rethink how data centers (and
sources) are designed. In private industry,
data-center consolidation efforts, com-
bined with increasing regulatory burdens
and more-serious disaster recovery plan-
ning, are changing enterprise data-center
design. In research-intensive universities,
where Gigabit Ethernet traffic out of sci-
entific instruments is becoming com-
monplace, institutions with greater band-
width demands and more data and
storage networks to pass between data
centers are taking a new look at an estab-
lished carrier technology: wave division
multiplexing (WDM).

WDM lets an optical fiber carry many
signals by combining several light wave-
lengths into a single transmission. Each
light wavelength carries a discrete chan-
nel of data, and each channel can carry as
much data as a classical optical network—
10 gigabits or more. This multichannel
approach allows many networks to be
carried on a single fiber pair. The deci-
sion to support optical networking will
in turn drive changes in wavelength ca-
pacities, network topology, and protec-
tion and restoration mechanisms. As
with traditional network technologies,
the economics, capacity, expandability,
and manageability of optical networking
solutions will vary, suggesting the ongo-
ing need for sophisticated engineering
talent within institutions that remain on
the frontier of higher education net-
working capabilities. In an era of data-
intensive scholarship, scholars in the
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humanities and social sciences will also
need remote access to large data sets,
instruments, and archives. These disci-
ples might not have their own high-
performance networks, suggesting the
need for commercial access to band-
width through Internet2 or NLR or
through shared services arrangements
with state, regional, or other academic
network providers.

Mark Clark, CIO at the University of
Manchester, raises important research
questions that designers of tomorrow’s
networks must answer: “How can the
scholar handle complexity that is enabled
by bigger and bigger supercomputers
which are harder to program and where it
is harder to understand the phenomena
thatare being simulated or analyzed? And
how do we handle the data deluge? Data
will be the problem of the future: han-
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dling larger and larger volumes, mining
and visualizing complex data sets, and
managing the data-sharing issues such as
privacy, confidentiality, provenance, and
archiving. There is a changing in the skills
and education needed by the research,
professional, and general workforce””

Virtuality, Mobility, and

Community in Academe

This chapter has, to this point, dealt ex-
clusively with the potential of evolving
network infrastructure and services to
foster an era of data-intensive research.
Of course, higher education’s mission is
broader than discovery, and network-
ing’s transformative potential on teach-
ing, learning, community engagement,
and administration is similarly exciting.
Higher bandwidth, sound identity man-
agement, pervasive wireless networking,

and the affordable availability of many
computing and communications de-
vices will open the door to the prolifera-
tion of rich-media virtual environ-
ments. The Web will likely become a
three-dimensional environment with
navigation that uses virtual portals and
avatars. Progress on Web descriptors
and locator frameworks will proceed as
a continued race between growth in the
number and size of virtual haystacks
and the tools in place for finding virtual
needles. Collaborative environments
will likely become increasingly
“human,” particularly as rendering tools
and techniques from the gaming world
become widely available, and usable,
and as voice over IP (VoIP) enables those
collaborating in virtual spaces to con-
verse and to modulate, locate, and atten-
uate their voices in group settings. As



the standard technologies for displaying
network media improve (high-
definition video and megapixel displays,
for example), video conferences and
other activities that incorporate the real
and the virtual will increasingly blur the
boundaries between the two by tricking
the senses. These environments exist
today in limited scale.

These capabilities’ ongoing improve-
ment, in concert with ongoing invest-
ments in network capacity and perform-
ance, will likely render debates about
virtual, distance, hybrid, or face-to-face
education meaningless. Questions of ed-
ucational policy and practice will be-
come simultaneously simple to ask and
complex to answer: Whom do I teach?
How do I teach? How, when, with whom,
and at what cost do I learn? And how
does all of this cool stuff get paid for? As

network-mediated learning opportuni-
ties disrupt higher education’s tradi-
tional market segmentation, pricing
strategies, brands, and so on, the focus of
institutions will likely shift to the
achievement of social and educational
outcomes; of teachers, to pedagogy; and
of learners, to affordability, lifestyle, and
learning, career, and social goals. The
question “Where did you go to college?”
may in the long run yield to the question
“With whom did you study?” Institu-
tional personalization of experience will
compete with faculty free-agency to de-
termine whether higher education insti-
tutions, like many others, will be disin-
termediated by the network. Institutions
wishing to compete in part on the basis
of “place” will likely continue in what
some have called an “arms race” of in-
vestment in the campus built environ-

ment and in student services.? Changes
like these led one higher education asso-
ciation to declare, “We have become a
people unable to comprehend the tech-
nology we invent??

The emergence of plentiful, cus-
tomizable, and secure bandwidth along
with the eventual integration of rich
media will also foster the formation and
diversity of learning communities. As
collaborative work tools are rendered
more and more human, as the vision of a
collaborative cyberinfrastructure ma-
tures, as humans become better accli-
mated to cyberspace, and as incentives
are redrawn to foster interdisciplinary
and interinstitutional work, new and
rich linkages between teachers, learners,
and others in the academy will prosper.
The network has the potential to become
the ultimate leveler of social distinctions
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in higher education as interests seck and
find compatible interests, and talent
seeks and finds compatible talent in
cyberspace.

For wireless networking and mobil-
ity, the future isnow. Wireless network-
ing is already subtly changing all insti-
tutions, and once again higher
education is in the fray. In some cases,
these changes force reconsideration of
long-standing space-usage practices
and could lead ultimately to reconsid-
erations of mission. For example, re-
sponding to reports showing strong de-
mand for Internet access, officials at
the British Library announced in No-
vember 2004 the implementation of a
wireless network in the library’s read-
ing rooms, auditorium, restaurants,
and outdoor area. “A study recently
showed that 86 percent of library pa-
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trons carry laptops and that 16 percent
came to the library to use it as a busi-
ness center”? The story on higher edu-
cation’s campuses is no different. Many
institutions appear to be “leading from
the rear,” observing new patterns of stu-
dent behavior enabled by mobile net-
work access and then redefining com-
mon physical spaces into “information
commons,” “flexible learning environ-
ments,” and so forth.

The shift toward wireless networks
in higher education and mobility’s im-
plications are important. Coalition for
Networked Information Executive Di-
rector Clifford Lynch reminds us that
“this ubiquity business is really impor-
tant. We all remember the rhetoric in
the 1980s about the wired classroom,
built with Ethernet to every desktop. A
few were built at very high cost, they

were a specialized place, and they were
scheduled from dawn to dusk” Lynch
goes on to remind us that when class-
room networking is a scarce good, fac-
ulty rarely have an incentive—or the
means—to radically rethink their peda-
gogy to incorporate networked informa-
tion resources. “Now," says Lynch, “we
have actually done it wirelessly—creat-
ing the wired classroom of the 1980s on
a very broad scale. And a lot of faculty
are freaked about this. Including the
broad implementation of wireless net-
working in classrooms has led to reports
of faculty requests to ‘turn the network
off” in failing attempts to curtail stu-
dents’ Web surfing or, even worse, pass-
ing of derogatory instant messages and
evaluations in class! These tales remind
us of Arthur Schlesinger’s observation
that ‘science and technology revolution-



ize our lives, but memory, tradition, and
myth frame our response.’”

In the long run, virtuality, mobility,
and community in higher education
will also reshapeits business landscape.
In mitigating the effects of distance, the
network is already enabling some insti-
tutions to rethink IT and resource gov-
ernance. Soon more institutions will
consider data-center consolidations as
one means of curbing IT spending
growth while assuring service levels,
providing prudent backup, and the
like. Over time, more institutions will
use the network to reach beyond the
campus to share or host services with
other institutions, corporations, cul-
tural institutions, or state governments.
In the longer term, institutions could
successfully implement service-
oriented architectures that will permit

invoking the services necessary to oper-
ate the enterprise on demand, over the
network. In this longer-term vision, the
service provider’s location, governance,
or ownership will be transparent and
irrelevant to that service’s consumer,
except as regards service quality and
cost. And advantages will accrue to the
virtual. ECAR Senior Fellow Robert Al-
brecht reminds us that “traditional uni-
versities cannot handle the increasing
number of students between now and
2015 when their numbers peak. Virtual
universities—and those that blend the
physical and the virtual—are not only
better positioned to respond to this en-
rollment demand, but they can scale
quickly as enrollments escalate and can
thus continue to grow”

Importantly, adopting highly distrib-
uted systems to operate higher educa-

tion’s business enterprise will depend
not only onreliable networks but also on
a trust fabric woven in middleware and
relationships.

Conclusion
Predicting the course of networking’s fu-
ture is simultaneously easy and difficult.
Predicting this future is also ultimately
unnecessary.

Prediction is easy because the broad
outlines and vectors are clear:

m Networks will get faster.

m More things will be attached to net-
works.

m The “exponentials” are changing as
bandwidth begins to become
cheaper than storage.?”

m More and more services will be deliv-
ered over networks.
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m Network bandwidth and services
will become easy to customize on
demand.

m Distinctions between the real and
the virtual will become unclear.

Predicting the course of network-
ing’s future is difficult because of at least
two factors. First, the adoption rate and
the ultimate shape and texture of the
networked information future will de-
pend, as always, on human factors. And
these will depend on how imaginative,
cost-effective, interoperable, secure,
and easy to use are the services that be-
come available over networks, and on
humans’ abilities to adapt to and toggle
between virtual and real environments.
As Larry Smarr comments, “What we
really need are social scientists to figure
out what people need to work together
well over the network”

Second, predicting our network
future proves difficult because we
are at anexus point from which em-
anate several possible futures that
will be determined less by technol-
ogy and funding and more by pub-
lic policy, regulation, trust, and
human behavior. Technically, we
will be able to deliver dedicated,
end-to-end terabit speeds afford-
ably. We will also be able to guaran-
tee QoS, affordably. The public pol-
icy questions relate to the
fundamental issues of openness,
scalability, and collaboration: will
the signal-to-noise ratio on the “open
Internet frontier” be in such a balance
that users of a shared Internet will
value the benefits of openness (with
noise) more highly than they do closed
networks, with reduced noise? These
options more likely will manifest them-
selves as a range of choices among vir-
tual political economies, with unregu-
lated democracy on the one extreme
and tight, private (totalitarian) controls
on the other. And of course, events like
9/11 will surely shape dominant direc-
tions within the continuum of choice.
The potential for innovation could
hang in the balance.

Within any of these future scenar-
ios, too, one can imagine social move-

74 EDUCAUSEreview 1 July/August 2005

ments among those wanting to go “off
grid” and the digital divide implica-
tions of such scenarios. Massachusetts
Institute of Technology’s Neil Ger-
shenfeld reminds us that “to a species
that seeks to communicate, offering in-
stantaneous global connectivity is like
wiring the pleasure center of a rat's
brain to a bar that the rat presses over
and over until it drops from exhaus-
tion?® Under any conditions, the net-
work can and will amplify educational
divides. Those who have neither liter-
acy, numeracy, nor information literacy
will be increasingly estranged from so-
cial institutions, cultural institutions,
and government.

Predicting networking’s future is un-
necessary because the network’s logic
and its potential have been embedded
in our global psyche. Nearly everyone
would agree on the six trends described

The real prediction
issues, then, are about
when these eventualities
will occur and who
controls them, and
not about what these
eventualities are or
whether they will occur.

above. Indeed, the Center for the Digi-
tal Future recently identified 10 trends
worth noting here:

m In the United States, the digital di-
vide is closing but is not yet closed,
asnew divides emerge.

m The nation’s media habits have
changed, and continue to change.

m The Internet’s credibility is
dropping.

m We have just begun to see the
changes to come in buying online.

m The Internet’s “geck-nerd” repu-
tation is dead.

m Privacy and security concerns re-
main high.

m The Internet has become the

number-one information source for
its users.

m The Internet’s benefits and draw-
backs for children are still coming
into focus.

m E-mail: “E-nuff already”

m Broadband will change everything—
again.

The real prediction issues, then, are
about when these eventualities will
occur and who controls them, and not
about what these eventualities are or
whether they will occur. Antoine de
Saint-Exupéry reminds us, “Machines
do notisolate Man from the great prob-
lems of nature, but plunges him more
deeply into them”

For higher education, networks
present great hope for the future,
while our cultures continue to pose
great challenges. California State Uni-

versity Executive Vice Chancellor
Richard P. West says it best: “We
are now at the stage when technol-
ogy canreally pervade what we do.
This is how some of us who have
been active for many years in
higher education’s IT journey ide-
alized it. Technology and our net-
works are prevalent in their use
and will begin to have a significant
compounding effect on our mis-
sions and our students. At Cal
State, incoming students now take
math placement assessments on-
line and can take required courses
online at their own pace. It really is any-
time, anyplace-oriented learning—with
outcomes-based learning. This simple
application is extremely usable and
embeds rich pedagogy, making it very
much a Trojan horse. The challenge is
getting the faculty to do things like
this. Technology today is truly making
it possible to revolutionize higher
education delivery. We are going to
need some sort of catalyst to make that
happen, since even without any
changes we continue to grow 3 to 5
percent per year. So why should the
faculty change? Why should we
change? Maybe when 2015 comes and
the student population peaks, maybe
there will be a change” €
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