
I am working on planning for a new 
campus of the California State Uni- 
versity System, CSU Monterey Bay. 
CSUMB wilt open in 1995 “n the site 
of a decommissioned military base.’ 
and it is to he an experimental, for- 
ward-looking campus. Some of our 
goals are to inwmt new approaches t” 
education and community building, 
serve the entire state (geographically 
and demographically). he global in 
outlook and practice, and innovate in 
the use of information processing (IP) 
technology. 

Computing and communication 
teclmology are improving at an accel- 
erating rate. Three developments 
with possibly profound implications 
for universities are: the growh of 
computer networks and the reatiza- 
don that computers are primarily 
communication devices. advances in 

portable computers of all shapes and 
sizes, and the low c”st of processing 
new data types. 

Little needs to be said about bur- 
geoning computer networks. Com- 
puter-mediated communication net- 
works will enable effortless 
communication within communities 
of c”mm”n interest. The community 
might be a professor and the students 
in a class or colleagues around the 
world who share a comm”” research 
interest. The networks also make it 
possible for individuals or groups t” 
publish data and the results of their 
research. 

I am writing this on a 2.9.pound 
portable computer while out of town 
at the beach. It is the first computer I 
have had that is so well-designed and 
powwful, I can carry it to a confer- 
ence 01 lecture. I expect students to 
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do the same on a routine basis. 
The ENIAC, the first practical, 

programmable, electronic cnmputer, 
operated on one type of data- 
numbers. Before the ENIAC was fin- 
ished. its designers understood it 
would atso be useful for alphanu- 
meric data, and they began work on 
the UNIVAC, a machine to unify al- 
phanumeric and numeric computa- 
tion. When display technology im- 
proved, text processing became 
common. Tnday. processing of data 
types like audio, video, image, anima- 
tion, ink. and knowledge is becoming 
economically feasible. This will alter 
university communications. and let 
us use multimedia presentation assets 
and courseware. 

This article speculates on the im- 
pact of these changes for a 21~1. 
century university such as CSUMB. 
We will begin with technology that 
may he ubiquitous-the uhiquistruc- 
ture’-and then turn t” possible cur- 
riculum changes. 
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mformation Processhe 
Ublqulstructure 
When the Macintosh was iotroduced 
in 1984, Drexel University required 
all students have one. Mandatory 
computer ownership for students has 
spread gradually, but I expect it to 

become the norm since the payoff 
increases as technology improves. 

There are many objections-they 
cost too much, will be stolen and 
break, become obsolete, and students 
will use them to cheat on exams. We 
must address these concerns. A com- 
bination of loans. fees, and subsidies 
should cover the initial investment. 
Periodic software and peripheral 
upgrades (perhaps via PCMCIA 
cards) must be paid for as well. En- 
cryption can insure privacy and re- 

duce the likelihood of theft. Staff 
must be provided for maintenance 
and assistance, with the students 
shouldering an appropriate part of 
the cost. Changes in procedure, tech- 
nology, and redefinition of “cheat- 
ing” will be needed to handle elec- 
tronic notes and communication 
during exams. 

The benefits seem to me to out- 
weigh the costs. With computers, stu- 
dent productivity will increase, and 
faculty will be able to assume every- 
one has certain capability in planning 
courses. Quantity discounts and sub- 
sidies will help poor students, and the 
cost of a computer is small compared 
to the direct and opportunity costs of 
education. The university will have 

offsetting cost savings in computer 
labs (though printers, scanners, and 
other servers will still be needed). 
Part of the university’s capital will be 
in faculty, staff, and student homes. 

There is the question of portable 
versus desktop machines. Desktop 
machines will always be cheaper and 
more robust for a given cost and level 
of capability, but much would be 
given up by leaving them at home. 
While the student machine of 1995 
may resemble today’s notebook com- 
puters, the student machine of 2005 

will be very different [IO]. In the long 
run. we will have many computers of 
different size and shape. [I71 

connectlvitv 
Pioneering projects such as Athrrla 
[I. 51 at MIT anticipated campus in- 
ternetworks, and even small cam- 
puses now have excellent internet- 
works [l4]. Now we can extend the 
campus network to every office, class- 
room, meeting room. lab. residence, 
and study area. 

We will want wireless connectivity 
for our portable computers. Diffused 
infrared may turn class and meeting 
rootns into L.ANs. The same may be 

true in larger spaces. The Infrared 
Data Association has de&ted a point- 
to-point standard for temporary con- 
nection to printers, scanners in the 
library, desktop computers, and 
other devices [7]. The standard al- 
lows for data rates up to 1152kbps at 
distances of l-3 meters using very 
cheap, low-power devices. 

Off-campus connectivity cannot be 
separated from oncampus connec- 

tivity. Just as telecommuting and 
groupware have begun changing the 
nature and organization of industrial 
work, they are expanding options for 
the university. Faculty, staff, and stu- 
dents will need connectivity from 
their homes. Cost constraints may 
indicate a lower speed than on cam- 
pus, but all the function of the cam- 
pus infrastructure should be pro- 
vided even if the user interface has to 

be different.’ 

Libraries. Bookstores. Presses. and 
Servers 
It is clear that the university library 
should be centrally involved in all 
this. We are talking about informa- 
tion, and, as Willie Sutton might have 
said, the library is where they keep 
it.’ Some feel print-based libraries 
will disappear, that all local informa- 

tion will be digitired and retrieved 

from a campus server, and other in- 
formation will be retrieved from the 

wide-area network. While it is diffi- 
cult to imagine that happening. li- 
brarians should plan for an ever- 
shifting mix ofprint and digital mate- 
rial. (We should also remember the 
role of the library as a study place.) 

Rising costs require us to address 
publication as well as information re- 
trieval. This is quite clear in scholarly 
publication. where professors write 
without pay for journals to which out 
libraries cannot afford subscriptions 

[4]. Faculty also write commercially 
published textbooks that are distrib- 
uted through campus bookstores. 
This system is also fraying. Tertbwks 
are expensive, the current distribu- 
tion system fails courses using sponta- 
neously decided readings. and high 
cost multimedia material and dis- 
tance education will require other 

outlets. One way to pay for the peda- 
gogical and scholarly information 
needed by a university is to sell or 
barter other information. We must 
invent the digital university press. 
bookstore and marketplace, as well as 
the digital library. 

There is a third requirement-the 
storage of the notes, teaching materi- 
als, messages, and other informatioo 
created and retrieved by the mem- 
bers of the canpus community. This 
is the university’s community mem- 

ory or dynabase [I I, 131. It must han- 
dle data of all types, and our goal 
should be to integrate it seamlessly 
with our portable computers and 
campus and wide-area networks. 

University libraries have begun 
dabbling in digital information with 
subscriptions to on-line services and 
CD-ROMS. They are also experi- 
menting with electronic publication 
using WAIS, Gopher, and World 
Wide Web servers on the Internet. 

The prehistoric ancestor of the 
dynahase is usually a 1970s.style 
timeshared computer running Unix 
in the computer center. These func- 
tions will have to b-e improved and 
integrated. 

While the university needs sprcial- 
ized equipment for research and ad- 
vanced classes, ubiquitous technology 
will determine culture, curriculum. 
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Some feel print-based libraries will disappear, that all 
local information will be digitized and retrieved from a 
campus server, and other information will be retrieved 

from a wide-area network. 

and pedagogy. Imagme the changes 
if blackboards and clocks had not 
been invented. Blackboards arc pow- 
erful lecture and discussion toots, and 
without them we would rely more 
heavily on independent reading and 
study.’ Without clocks, we would 
have to alter our rigid class schedules 
and unit-based graduation require- 
ments and resource allocation. White 
revolutionary, blackboards and clocks 
are always there-used when appro- 
priate, and otherwise ignored. 

Each instructional room still needs 
a clock and blackboard, and suitable 
projection and lighting systems, but 
we must carefully consider what else 
it needs. Does it need a wireless IAN, 
connectivity to the campus network, a 
tile server, sound recording equip- 
ment, or a liveboard? If these are ev- 
erywhere, and all students have com- 
puters, it may change the way we 
teach. 

We must not forget ubiquitous soft- 
ware. Ubiquistructure extends be- 
yond conduits and wiring closets-it 
includes file, print, fax, directory, 
email, conferencing, and other ser- 
vices. For example, an organization 
that decided to deploy Lotus Notes 
would have to provide client soft- 
ware, training, and support to all 
members of the campus community. 
Only then could Notes disappear into 
the ubiquistructure. 

Equity also follows from ubiquity. 
Today, affluent students have com- 
puters and modems, giving them a 
significant advantage over poorer 
students. Appropriate subsidy of sfu- 
dent-owned computers and connec- 
tivity will help redress this imbalance. 

Charging policies are another ubi- 
quistructure element. If a professor‘s 
account was charged for every class 
session in which the blackboard was 

used, his or her attitude toward 
blackboards would be changrd. To be 
taken for granted, to be part of the 
ubiquistructure. a rcsourcc must also 
be part of the accounting overhead. 

Organization Chart 
Qualitative technological change al- 
tows us to reconsider organization 
structure.’ How might information 
processing be organized in the uni- 
versity of the future? It should be 
what Drucker [Z] calls an informa- 
tion-based organization-not a 
group of hierarchically organized 
administrators, but a collection of 
professionals who do things. In addi- 
tion to operating their area, they 
would be expected to innovate and 
seek funds and partnerships. They 
would also have teaching roles either 
as instructors or more likely supervis- 
ing internships and apprenticeships. 

The CIO would he responsible for 
vision articulation, tracking research 
and industrial development, interac- 
tion with the university, vendors, 
funding agencies and other partners, 
and support and coordination of di- 
rectors for the following areas: 

l Ublqulstructure-providing the 
hardware and software that makes up 
the IP ubiquistructure. 
l lnteractiue Insfruction-providing 
tools and people with production, 
storytelling (audio and video), and 
user interface and instruction design 
skills; finding ways to capture the spe- 
cial knowledge and presentation 
skills of expert lecturers; and combin- 
ing technical and creative skills to 
become the D. W. Griffith of interac- 
tive instruction. 
l Curricular integration-assuring the 

integranon of IP technology in the 
curriculum and teaching process, 
tracking, and conducting educational 
research. 
l fixternal community-developing 
telementoring and other programs in 
support of local schools, libraries, 
cooperating institutions, feeder high 
schools, applicants for admission, and 
so forth. 
l Library/pubbcation-acquiring and 
publishing information used and cre- 
ated by the university community 
and supporting individual and com- 
munity dynabases. 
l Administrative IP-supporting rou- 
tine and ad-hoc administration func- 
tions and providing workflow and 
groupware tools. 

IP Curriculum 
Many feel we are in transition from 
an industrial to an information age. 
Concepts like “bit” may seem as fun- 
damental and important in 100 years 
as “force” or “energy” do today. 
There is massive reorganization and 
convergence in IP industries, and we 
should consider a corresponding shift 
in university organization. 

Universities are typically organized 
as departments within schools. Every 
school has departments centered on 
IP. Some, such as computer science, 
electrical engineering, cybernetic/ 
systems science, computer engineer- 
ing, and cognitive science are directly 
concerned with the enabling theory 
and technology for the information 
age. Art, design, film, radio and tele- 
vision production, journalism, and 
educational technology are con- 
cerned with the generation of infor- 
mation-they are the storytellers 
who use the technology. Other de- 
partments such as communication 
studies, information systems, and 
library science bridge the gap, 
studying the technology and its 
application. 

A school that combined these disci- 
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One possible organization for the introductory course 
would be around types of information and operations 

such as record/encode, transmit, display, convert type, 
transform, and buy and sell. 

plines would have a frwrful mix of 
people who tell stories and communi- 
cate, and those who build and study 
the enabling systems. Alternatively, 
we could encourage joint appoint- 
ments combining IP and other disci- 

plines. We need an organization that 
reflects contemporary reality and can 
accommodate Steven Spielberg, a 
computer scientist (Jurassic Park) 
and a storyteller (Schindler’s List). 

Regardless of the organization, in- 
tegrating a campus will require in- 
creasing effort since communication 
technology tends to erode local col- 

laboration. We work with colleagues 
in other organizations and nations, 
not those down the hall. If we want 
our storytellers and technologists to 
work together, we need appropriate 
reward systems, hiring practices, and 
other culture-shaping policies. 

If we are entering an information 
age, where IP technology will be 
taken for granted on campus, a man- 
datory first course in IP is crucial. 

(Th’ IS I ea a es ac a ‘d d t b k t least to Dart- 
mouth College in the early-1960s [6].) 
The course has two broad goals: prr- 
sating an IP-centered worldview 
and teaching skills with the systems 
the students will use while in school. 

An introductory course should 
make a few high-level concepts part 
of the student’s worldview. In look- 
ing back at my undergraduate 

courses, I recall only course organiza- 
tions and key concepts. For example, 
my Western Civilization course was 
organized around politics, religion, 
art, and technology and economics, 
but I do not recall many details. I 
spent two semesters pracucmg inte- 
gration, and although I can no longer 
integrate many functions, I do know 
what an integral is. Similarly, our in- 
troductory students will only retain 
the “big picture,” therefore, we must 

organize this course carefully. 
Newton gave us concepts such as 

“energy” and “force” which were 

ewtrric at tint, but brcamr commons 
place during the industrial age. 0111 
students should learn appropriatr 
vocabulary for an information age. 
One possible organiration for the 
introductory course (suggrstrd by 
[9]) would br around types of in- 

formation and operations such as 
record/encode, transmit, display, 
convert type, transform, and buy and 
sell [13]. 

This would be one way to organix 
the conceptual portion of the first 
course, and others should be consid- 
ered. Kegardless of organiration, it 
should be closely tied tu hands-on 
training with the IP technology on 

campus. For example, discussion of 
text as a data type would be tied to 
instruction on the USC of word pro- 
cessing and rmail. Skill training pro- 
vides concrete examples to illustrate 
the conceptual portion of. a course, 
and prepares students to use IP toob 
throughout their school years. 

Interns and Apprentices 
I am a big believer in apprenticestrtp 
because I learned that way. In my 
first job, I was assigned to assist an 
accomplished system programmer 
who asked me to code small subrou- 
tines. After a few months I under- 
stood a lot about modularity, reen- 
trant code, computer/memory 
tradeoffs, and so forth, and he and I 
were soon a productive team. Ben 
Shneiderman also reports creative 

and positive experiences with IP in- 
ternship [l5, 161. 

It would be terrific if we could give 
our students similar experience. A 
campus has professionals involved in 
all aspects of IP, and students could 
be expected to work with them on 
real projects-programming, system 
building, multimedia production, 

courseware design, decision support, 
and so forth. The line between in- 
structor and administrator or staff 
member would be blurred, but that is 

Studrnts could ah<, a\\l\, lacuh) 
with their teaching, Iresearch and 
consulting. 4s undergraduates, UC 
saw our professors teach, but how 
many of us knew what they did out of 
the classroom? A student assisting a 

professor for a period ol time would 
learn how the professor used his 01 
her time, what skills wet-e needed, 
how the research world was orga 
nired and what its x&es were, in 
addition to the details of specific prqj- 
ects. 

There would not be enough prop- 
rcts and faculty on campus to prwidc 
apprenticeship experience for all stu- 

dents, but pal-t of the university mis- 
sion is service, and projects could be 
found in thr surrounding commu~ 
nity. For example, Vice Prrsidcnt 
Core has called f<,r connectivity in 
every classroom, library, hospital, 
and clinic’ [3]. Working toward that 
goal could provide internships. Afta 
course work in technology, organiza~ 
tional dynamics, applications, and 

time on a support hotline, student 
teams would be assigned to organiza- 
tions. A tram assigned to a school 
might include studrnts interested in 
engineering, education, and brhav- 
ioral science or business. They could 
install a LAN, router, and software, 
show faculty educational applications, 
and student teach. 

Internship would include rxplicit 
time for reflection and evaluation ot 

the experience, and would be a 
bridge between the university and 
employment. It could be integrated 
into and funded as part of a state 08 
federal service program. Similar op- 
portunities exist in nongovernmental 
organizations operating in develop- 
ing nations around the world, a “h- 
tech peace corps.” [3]. 

%uring this lalk and the quer,ion and anrwr, 
less,“” which rollowed, Core ICf a goal 01 attaiw 
ing &is c”““ecriviry a, video ‘iala rater in fi\F 
years. He rn”Il elfher be * \“) optim,rric ma,, 
“1 a p0li,ician. 



Textbook Evolution 
New technology gives US the oppor- 
tunity to rethink textbooks. An obvi- 
ous extension is suggested by the 
term “text” book. We are free to go 
beyond texf fo audio recordings of 
lectures and discussions, dramatic 
readings, video and animation se- 
quences, simulations, and other data 
types.” (I do not mran to downplay 
the value of text--that would be par- 
ticularly inappropriate at this mo- 
ment.) 

Module length may also vary. A 
conventional texf contains matrrial 
for a S-unit semester or 4.unit quar- 
ter, and a chapter can be covered in a 
single class meeting or a class week. 
My intuition says we want small, fo- 
cused presentation objects that can 
easily be combined and cross- 
indexed. Textbooks may become ob- 
ject-oriented databases, with one of 
the jobs of a professor being the crea- 
tion of new objects. This implies de- 
veloping new tools, and providing 
support expertise. 

Communication technology allows 
further tampering with the notion of 
a textbook. When one adopts a text 
today, the bookstore orders copies, 
the instructor gets some supporting 
materials, and the transaction is com- 
plete. In a networked world, we can 
envision adopting a set of course- 
related presentation objects as includ- 
ing both access to those assets and 
entry into a conversation among peo- 
ple who are interested in the same 
material. Students and faculty adopt- 
ing the material would receive pass- 
words to join a discussion or several 
discussions (for example, one for 
local students, one for all students, 
and one for adopting professors) with 
each other and the authors. 

Augmented by communication, 
course material is not only assimi- 
lated, it may be discussed, explained 
(by the students), interpreted, criti- 
cized, annotated, and revised. In this 
“Talmudic” process, students are 
engaged in creating, not absorbing, 
the material. New students would 
receive only the original material, 

since the objective is providing a basis 
for active engagement not present- 
ing final answers. This is analogous to 
having students conduct experiments 
in a freshman physics class rather 
than having them read about the 
experiments and results of the origi- 
nal scientists. 

This view implies the need for nrw 
ways of producing and marketing 
“textbooks,” of scheduling classes, 
and granting credit to students. The 
professor’s role will also be affected. 
Perhaps offering a class will consist of 

l finding and creating relevant pre- 
sentation objects, 
l scheduling and participating in 
electronic and face-to-face lectures 
and discussions, and 
l providing pointers to related peo- 
ple and materials when requested by 
students. 

Try explaining all that to the head of 
the campus committee on promotion 
and tenure. 0 
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