Environments for Technology Transfer

Successful University of Waterloo

- program encourages technology
development, transfer by faculty,
students

BY DOUGLAS T. WRIGHT*

Technology transfer is an area that has special
relevance for universities in Canada because in this
country the commitment to research and development
on the part of industry is low in comparison with the
effort to be observed in virtually every other industrial
nation in the world. This reflects a number of factors,
most particularly that Canada’s economy has been
heavily based on natural resources exploitation, and
that we have a high proportion of branch plant opera-
tions in our manufacturing sector.

In the United States, spinning-off has become signifi-
cant — a by-product, usually, of corporate R&D that pro-
duces innovations, and people who find their best oppor-
tunities in new ventures. Interestingly, these are often
developed with the encouragement of the “host” com-
pany. This is not nearly as likely to happen in Canada.
The largest source in Canada, by far, has been Northern
Telecom.

Hence, we Canadians have to look to other possible
seedbeds, such as our universities, for our technology-
based enterprises. I think Dr. Stuart Smith of the
Science Council of Canada captured this as well as
anyone in his remarks at a conference in Toronto in
November 1985, when he said: “Most of our large com-
panies are not research-intensive, so they don’t act as
incubators:for new entrepreneurial ventures. Therefore,
we Canadians must look to our universities even more
than other countries need to, as a source for this spin-
off phenomenon.”

One needs, at the outset, to recall that there are two
major functions universities perform for society —
teaching and research. What is of importance, with
respect to these two functions, is that they complement
each other very niecely.

Because research takes place in our universities these
institutions inevitably keep at the forefront of new
knowledge] and this in turn is of tremendous benefit to
their teaching programs. Can you imagine, for instance,
a modern industrial society content to permit its young
people ‘to be taught according to the knowledge and
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technology of a previous generation?

Yet, universities not only must be involved in research
— at the forefront — they also happen to be able to do
s0 in a manner that is remarkably cost-effective.
Research students are not paid high salaries, and since
they carry out much of the work involved in virtually
any major research project, universities are thus able
to do the job at much lower cost than is possible in either
government or private labs, where tasks are done by
more highly paid workers.

There remains the question as to how a nation ought
to go about trying to make the best use of its univer-
sities. I would suggest we already have some useful
answers. But first, let me offer a few comments concern-
ing my own university, the University of Waterloo.

Waterloo was founded in July, 1957, barely more than
30 years ago, with a commitment to cooperation with
industry unprecedented in the history of higher educa-
tion in Canada. Waterloo was the first university in
Canada to offer cooperative study programs, where
students pursue alternate semesters of study and
employment, as they proceed to a baccalaureate degree.

In 1957, the first 75 students enrolled in Waterloo’s
new engineering program. As the benefits of the system
became evident, enrollment increased rapidly. Today,
Waterloo has six faculties or colleges, all offering
cooperative programs. The engineering enrollment is the
largest in Canada; the mathematics enrollment, at
4,000, is the largest in the world. More than 9,000 of
our 14,500 full-time undergraduate students are co-op.
We have the second largest cooperative program in the
world; only Northeastern University, in Boston, is to our
knowledge larger, and Waterloo would be very close.

Cooperative students are paid salaries while on their
work terms, and are expected to be productive.
Employers visit the university to interview students,
who apply for the work-term jobs as is done ordinarily
for graduate employment.

The co-op employment arrangement is a direct one,
between employer and student; though all this is han-
dled by a special department, providing advice to both
employers and students.

Programs Successful

Measured by enrollment and by acceptance by in-
dustry, our co-op programs are highly successful. Other
indicators include the fact that we now seem the most
competitive university in Canada, and our first year
students in co-op programs are, on average, the most
highly qualified in the country. Since Waterloo has
shown how well the co-op system can be made to work

other Canadian universities have taken it up, literally
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from coast-to-coast.

Co-op education inevitably involves close university-
industry collaboration. This has inevitably had an im-
pact on our teaching program, since students pick up
ideas and knowledge on their work terms and these are
eventually fed back into the academic environment.

The co-op experience has contributed to cooperation
between the University of Waterloo and the private sec-
tor in a variety of ways, including our considerable ef-
forts — also in the nature of pioneering in Canada—into
the area of cooperative research involving industry. This
extends back more than 20 years and particularly follow-
ing the setting up on campus, in the late 60s, of the
Waterloo Research Institute. The Institute was design-
ed especially to attract contract research.

That the Institute has been successful is evidenced by
the fact that approximately 12% of our current research
budget involves contract work. This is a uniquely large
percentage for a Canadian university.

In the meantime, other services and facilitators have
been added, including an industrial technology adviser
funded by the Federal Government’s National Research
Council; a commercial development officer funded by the
Ontario provincial government, and the Waterloo Cen-
tre for Process Development. The latter is particularly
concerned with industrial processes. It has produced
“finalist” or “top-five” entries in the Canada Awards
for Business Excellence competition for three of the past
four years. We have also spun off the Canadian In-
dustrial Innovation Centre/Waterloo, located close by
and actively involved with would-be innovators and en-
trepreneurs not only on campus but across Canada.

We have developed very close ties with important in-
dustrial sectors through our Institute for Computer
Research, our Industrial Biotechnology Centre, our In-
stitute for Polymer Research, our Institute for Improve-
ment in Quality and Productivity, and a number of other
institutes and centers. Each has to do, directly or in-
directly, with technology transfer.

The greatest agents of technology transfer in the world
are, of course, students. They take it with them when
they leave the university and enter the industrial world.
As Guy. Denielou, the president of the Technological
University of Compiegne, France, is fond of saying:
“Students are to technology as mosquitoes are to
malaria.”

Indeed, this expression is becoming even more apt as
our co-operative students become increasingly interna-
tional. We note they are finding more and more work-
term jobs in the United States and overseas.

Excellence and Relevance

I have spent these moments talking about Waterloo
because I want you to understand how we have come
to be the way we are. When we began, other Canadian
universities seemed to feel academic excellence and
relevance were mutually incompatible. We at Waterloo
believed otherwise and our experience has confirmed the
validity of our strategy and philosophy.

What, then, have we learned with respect to policies
that encourage high-level research and at the same time,
assure that this research will prove of optimum benefit
to the broader society? How can discoveries, inventions
and new scientific knowledge actually be “transferred”

for commercial development?

We have learned, first, that attitudes are important
— that there must be a “culture” within an institution
to permit this to happen; we have come to realize that
there needs to be a relaxed, “encouraging” framework.
We have found too that intellectual property rights have
to be assigned primarily to students and faculty
members. They respond better to challenge if there is
an incentive.

Finally, we have come to appreciate that a trusting
relationship is vital.

A number of these “lessons” were summarized in a
report published in Canada in 1984 by the Corporate-
Higher Education Forum. this is an organization of ap-
proximately 35 Canadian industrial and financial chief
executives and 25 university presidents, established in
1983 to promote better understanding and cooperation
between Canadian universities and the Canadian
business community.

The report was entitled “Partnership for Growth.” The
authors, Judith Maxwell, now chairman of the Economic
Council of Canada, and Stephanie Currie, of Currie,
Coopers and Lybrand, put forward the argument that
the key to success in corporate-university collaboration
is “understanding between the two cultures.”

They cited Northern Telecom and the University of
Waterloo as examples. They noted four key factors com-
mon to both partners, that is, to the university and the
company: (1) a commitment by the president; (2) a
culture of openness; (3) decentralization of linkages, and
(4) mobility between campus and the corporate sector.
They noted that at both Waterloo and Northern
Telecom, each department is encouraged to build rela-
tionships with its counterpart.

In summary, Maxwell and Currie reported, making
collaboration happen and building understanding is a
grass-roots exercise, though it requires commitment and
support from the top.

British Study

Also among the lessons to be learned are those con-
tained in a remarkable report by Matthew Bullock, a
director of Barclays Bank, in England, done for the
British Institute of Bankers. Bullock studied the rela-
tionships between academic enterprize and industrial
innovation in the United States, with a considerable
focus on M.I.T. and Stanford. Prior to that he had been
a participant in decisions involving the successful use
of his bank’s money to support new, technology-based
industrial development in the United Kingdom. As a
consequence of both of these activities he became keen-
ly interested and very knowledgeable with respect to the
process of technology transfer as the basis for new
economic activity.

Bullock’s report on innovation in the United States
was published in 1983. It is an absolutely superb docu-
ment. If you have not yet seen it, I heartily recommend
it to anyone interested in the legal, administrative, or
financial aspects of advanced technelogy transfer:

Bullock had an involvement with another useful
report that bears mention. He chaired the committee
that oversaw the organization of the study of the
remarkable industrial development in and around Cam:
bridge, England. Barclays Bank was a sponsor of much



of this growth.

The study, by the consulting firm, Segal Quince
Wicksteed, resulted in a report entitled “The Cambridge
Phenomenon,” published in 1985. It was concerned with
the explosion of high-tech industry in and around Cam-
bridge. As for the United States report, Bullock noted
that a great deal of technology transfer begins in a very
“soft” way, often, initially, in the form of consulting ser-
vices by university faculty members to industry.

This “soft” activity gradually hardens, sometimes in-
to a new product, sometimes into a computer software
package; the point is the initial, “soft” service often suits
the personality of the academic/entrepreneur involved.
It also means that the academic’s entry costs into the
world of entrepreneurship are low. Often, one can launch
upon such a venture with simply a rented office, a
telephone and a microcomputer.

* Raising Capital

Although raising capital to finance “harder” ventures
traditionally has not been easy, Bullock finds this can
gradually evolve as well. United States bankers have
learned to evaluate loan applications and monitor the
progress of the fledgling companies and thereby increase
their chances for success. Indeed, the financial communi-
ty has even come to rely on the universities to help in
the assessment of the potential of various new ventures,
since it often takes a person with a considerable scien-
tific background to understand the technology sufficient-
ly well to'be able to tell whether a new venture is apt
to “fly.” Growth in the area of high technology lending
provides part of the infrastructure for:the transfer
process. ‘ ‘

As for the Segal report, it traced the “Cambridge
Phenomenon” back prior to 1960 when the entire coun-
ty of Cambridgeshire was “something of a rural
backwater.”’ Since then, approximately 320 high-
technology firms have come into existence in and around
Cambridge (as of February 1984). A remarkably high
percentage of these have, in Segal’s words, done “spec-
tacularly well.”

As a consequence, the population of Cambridgeshire
increased 28% in twe decades, manufacturing expand-
ed, entirely new enterprises formed, and older enter-
prises were attracted to the region.

A great many of the indigenous industries were found
to have spun off from research activities at Cambridge
University. Some 75% of the companies that came in
from outside did so to be near Cambridge. A good 50%
of the new companies that could be described as “high-
tech’’ maintain continuing relationships with
Cambridge.

The Segal report attributes the ‘“Cambridge
Phenomenon,” in large measure, to the scholarly ex-
cellence and research strengths of the university (the
academic home of Newton, Maxwell, Rutherford and
many other “greats”). He also credits the nature of the
university administration, which has created “an en-
vironment in which industrial links of all kinds have
been allowed to flourish.”

What is fascinating to me about both reports is that
the experience of M.IT., Stanford and Cambridge closely
parallels our experience at Waterloo, though the de-
velopments of course took place independently. What is

even more remarkable is that there is a noteworthy
similarity between all four institutions in university
policies and attitudes and in the cultural environment
in each university.

For example, in all four there is no question as to the
primary ownership of intellectual property created by
faculty and students. They own it! This may sound
strange, but remember that a basic idea, demonstrated
on a laboratory bench, usually requires a very substan-
tial investment in subsequent development, and that
marketing, finance, and management are all required
for it to be brought to market. In our experience, the
basic idea usually represents only a modest share of
equity participation at the launch of a new venture.
Much more important than the issue of ownership, for
university research, is the need to recognize ideas that
may have commercial potential, to act to protect them,
and then to do whatever is necessary to see that they
are exploited. :

Need for ‘Culture’

A university does not need a plethora of policies, a
regimen of rules, or a phalanx of officials to make pos-
sible a Cambridge, a Silicon Valley, or a Waterloo
Region. The basic need is for a warm, supportive
“culture” that ‘encourages academic excellence along
with enterprise. I believe that there could be many more
university-based developments, if such supporting
cultures were established.

Let us look for'a moment at how technology gets
transferred. The most important way, as noted earlier,
involves students who take technology with them when
they go out of the universities to career jobs, after
graduation. Some, including recent graduates, transfer
technology by starting up their own businesses; they
become entrepreneurs. A third way involves contract
research — industry coming to the university for help
with a problem. '

A fourth and very effective way is through licensing.
We at Waterloo have had considerable experience with
this, particularly the licensing of computer software,
which produces revenues of more than $2 million a year.

A fifth way is for university professors to spin off their
own companies. We have seen some of our very finest
researchers continue work in their chosen fields while
playing active roles in the transfer of the technology
(from their own minds, essentially) into products and ser-
vices. We have seen others give up their academic
careers to devote themselves full-time to thriving new
businesses. Around Waterloe, there are more than 250
technology-based companies.

What one finds, interestingly, is that those university-
initiated products or services that are successful in the
marketplace are often the fruit of many years of prior
intensive study and research. Not untypically, a facul-
ty member will spend years working in an area-and
then, sometimes rather suddenly, come across a very
practical application.

One recent example involved many years of concen-
tration in a highly mathematical area and led to the
design of a very promising microchip. Two mathemati-
cians and an electrical engineering professor have
designed a VLSI chip for encrypting digital information
which is being marketed by Calmos Systems Inc., of Ot-
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tawa. Other longstanding research contributed to the
spinning off of a company marketing a high-powered
computer network for IBM PCs. Still other new things
include an ingenious, low-cost scrubber for pollution con-
trol, several highly specialized engineering software
packages, an automatic industrial inspection system,
new food-preservative technology, and a computerized
process control system for drying farm crops.

Steadfast Principle

Waterloo’s approach to creating the climate that per-
mits such innovation to occur has not involved the evolu-
tion of a complex set of regulations. A principle we have
steadfastly observed however, is that the university not
become involved in making risk-capital investments.

It may be one thing for me to “run” the university (if you
like) but it’s not my job to get the university into a program
involving that type of expenditure. For one thing, I simp-

~ ly don’t understand the problems well enough. Nor does

any other university president, nor for that matter does
any government minister or deputy minister.

The university can, on the other hand, act as a
customer for new, inventive services or products com-
ing on the market as a result of student, alumni, or facul-
ty research activity. Indeed, we at Waterloo have often
done. so to our benefit, and to the benefit of new com-
panies providing these services or products.

An excellent case in point is the UW-alumni-spawned
GEAC Canada Limited, of Markham. Waterloo was
armong the first purchasers of their library systems, and
our. purchases were of considerable benefit to GEAC.
What we bought certainly made it possible for us to do
a better job in terms of providing service to our library
users.. GEAC is now well established. It has won con-
tracts for both the Vatican library and for the Bibliothe-
que Nationale, of France.

It is most interesting that the Ontario Provincial
Government is setting up seven major new centers of

research excellence. In so doing, the government wise-
ly chose to leave the selection of these centers in the
hands of experts from industry and from the research
community. These experts’ decisions were, in turn, based
on the soundness of each proposal and the strengths of
the people involved. The discussions were based on
political grounds, and certainly not on the grounds that
these new centers ought to be spread, geographically,
across the province.

The centers, most of which extend across several cam-
puses and each of which encompasses industrial par-
ticipation as well as university involvement, are in the
following areas: (1) advanced laser and lightwave
research; (2) space and terrestrial science; (3) integrated
manufacturing; (4) materials research; (5) telecom-
munications research; (6) information technology, and
(7) groundwater research.

I am very proud to say that my own university is in-
volved in five of these new centers.

To make note of one further important characteristic
of effective university research: It seems there inevitably
must be a “champion” involved — a special, almost
charismatic sort of individual who in turn can inspire
the other members of the team, can cut through
bureaucratic red tape, and can move a project along to
a successful conclusion. Nothing of value ever seems to
occur without a ‘““champion.”

In summary, what a society needs, to make sure
technology transfer is optimized, is an appropriate
“climate” on its university campuses, including some
amount of university-industry research infrastructure,
plus sensitivity to the differing viewpoints of in-
dustrialists and academics.
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