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EXECUT| VE SUMVARY

The Canadi an Acadeny of Engi neering, The Canadi an Council of
Pr of essi onal Engi neers, the Association of Consulting Engi neers of
Canada and the Engineering Institute of Canada, on behalf of the
nmore than 155 000 professional engineers nationwi de are pleased to
submt this brief to Industry Canada as part of its very tinely
sci ence and technol ogy policy review process.

We recognize that this initiative is both conplex and far-reaching
inits inpact on the Canadi an econony. As such, we offer conment
on science, engineering and technol ogy i ssues that we consider to
be of high priority. Furthernore, we recognize that this review
process cones at a tinme when the Governnent is faced with the
daunting tasks of re-shaping science and technol ogy policy to neet
the needs of the next century while striving to achieve its goal
for deficit reduction. The recommendations offered in this brief
are sensitive to these challenges and aim to provide solutions
that are not tied to increased spending. Mor eover, the
recommendati ons offered come with our pledge of support and active
participation as required to ensure their successful
i npl erent ati on.

Recommendati on No. 1

The Federal Governnent should take the necessary steps to
ensure that wuniversities as well as the national granting
councils supporting university research are sensitive to
t he special nature of engineering and that their program
criteria reflect this through added enphasis on innovative
probl em sol ving approaches and interdisciplinary projects.

Recommendati on No. 2

The Federal Governnment should be supportive of and provide
enhanced support for research undertaken by engineering
professors and their graduate students that is directed at
real and relevant issues of significance to the present
and future needs of society and the industrial and
services sectors.

Engi neering schools should have nuch nore autonony than
t hey now have, being imersed in a sea of science
faculties, and should focus nore on problemsolving and
i nterdisciplinary approaches in the <curricula than they
presently do. They should encourage business sabbaticals
and value nore the professional experience of their
recruits than just academ c credentials. The "publish or



perish” policy should be replaced by "excellence through
rel evance”.

Reconmendati on No. 3

The Federal Governnent should provide NSERC with the funds
necessary to successfully acconplish the goals and
uni versity/

I ndustry roles expressed in |its |[|atest strategic plan,
particul arly t he financi al assi stance required by
uni versities to undertake joint research with industry.

Recommendati on No. 4

The Federal Governnment shoul d:
increase its financial commitnent to | RAP
devel op an open client-server attitude

consi der transferring fundament al research to
uni versities

open its |aboratories to industry.

Recommendati on No. 5

As a way of creating durable new jobs for Canadians in the
gl obal econony, the Federal Governnment should expand its
col | aboration with the private sector in the establishnent
of a coast-to-coast worldclass Information Superhighway
and the effective use of that facility.

Recommendati on No. 6

The Federal Governnent should help ensure that faculties
and schools of engineering and applied science becone
actively involved in partnership wth industry in the
t echnol ogi cal devel opnent and the applications deploynent
of the Information Superhighway, particularly wth respect
to broadband devel opnent of interactive nultinmedia and the
delivery of education at a distance

Recommendati on No. 7




The Federal Governnent nust nove ahead with its intention
to help finance the new econony as announced in the Budget
Speech on February 22, 1994. It nust facilitate to small
busi ness, particularly the energing high-tech conpanies,
access to adequate capital.

Reconmendati on No. 8

The Feder al Government in col | aboration with the
provincial governments and the engineering comunity,
shoul d establish the "Engineers and Scientists Progran',
as announced in the 1994 budget, to increase rapidly the
enpl oyment of engi neers in small and medium size
entreprises following the very successful PSES program in
Quebec.

Recommendati on No. 9

It s incunmbent on the Federal Governnent to provide
| eadership in public awareness prograns relating to
science, engineering and technology and, jointly wth the
provincial governments and the business connunity, to
I aunch educational initiatives to nmake Canadians nore
aware  of the spectacul ar advances of science and
technol ogy and the renmarkable achievenents of engineering
in today's society.



| NTRODUCT]| ON

Canada can be righfully proud of its achievenents as one of a
handful of technol ogically advanced countries of the world. This
mast ery of technology has afforded the citizens of Canada with an
envi abl e standard of living and prospects for an even brighter
future. Nonet hel ess, Canada cannot rest on its laurels. The
number of countries conpeting in the S&T arena has increased
dramatically over the last 10 years and many are now neeting and
surpassing the technological levels of the original industrial
power s.

The translation of science to practical applicationis to a |arge
part the domain of the engineer. Canada nust inprove its ability
to translate basic research into products and services to inprove
our econony. | nvestments in long-term research by |arge
conpagnies and in nediumtermresearch by small and nedi um sized
conpagni es nust be encour aged.

A 1968 report by CECD suns it up well:

"Countries which are unable to turn science to practical uses wll
not be able to finance fundanental research on an up-to-date
| evel, however much they appreciate science for its own sake".

It is therefore our view that we should rebuild the historic and
increasingly inportant |inkages between industry and engi neering
and enphasi ze the application of science.



GENERAL STATEMENT

This is not the first tine that the Federal Governnent has
conducted a national survey to better define S&T policy and
strategy. Chapter 5 of the Resource Book does in fact give
an interesting list of Federal S&T Policy Reports from 1963
to 1993. Before 1990, the accent was very mnuch on science
policy and since then the enphasis has, understandably,
shifted to technol ogy and industrial strategy, and now to
i nternational conpetitiveness.

In the sea of problens alluded to and the gusts of variable
opi ni ons expressed, engineers have often experienced
difficulties in expressing their views adequately. This is
the first time that a group of engineering organizations
present a common view on the main issues relating to S&T and
our national well-being and future.

Presently, there are over 155,000 engineers in Canada. These
prof essionals are distributed throughout the country in all
econom c sectors, from natural resources through
manuf acturing to a wide series of services of all kind. They
practice their discipline in a very wde array of fields
ranging from underground exploitation of mnerals to
satellite comruni cations, enbracing all areas of science and
reaching into econom cs, managenent, and soci al science.

| nportantly, engineers are the bridge between science and
t echnol ogy. W t hout engineers, technology has little
meani ng. Therefore, to talk about S&T is also to tal k about
engi neering, and a Federal S&T strategy cannot be envi saged
wi t hout giving sufficient consideration to the health of
engi neering itself.

It is also inportant to note that engineering is not only a
sci ence but also a profession, and a very demandi ng one. It
requires the best of training and calls for permanent
education in the face of the relentless evolution of
technol ogy, growing conplexity of systens, and ever-
i ncreasing international competition affecting our
manuf acturi ng and service industries.



ENG NEERI NG EDUCATI ON AND RESEARCH

Canada nust strengthen its S&T effort by doing a better job
in taking the results of our investnents in science and
translating them into wealth-creating goods and services.
Unless we, as a nation, can inprove our record in this
regards, then one nust question the investnents we are naking
in fundanental research and assess them nore as a cultural
activity as opposed to one which is strategic in an
i nnovati on-driven society.

We need to inprove our neans of identifying and devel oppi ng
prom si ng technol ogi es into nmarketabl e products and servi ces.

The translation of science to practical application, this
portion of the S&T chain where Canada is weakest, is to a
| arge extent the domain of the engineer. Canada is failing
in this area because of a severe |ack of engineering presence
in small conpani es, because of a lack of |ong-termresearch
investment in |large conpanies, and because we are
increasingly training engineers to be nore a part of the
science community rather the appliers of science.

Engi neering schools nust now put nore enphasis on a problem
sol vi ng approach, introducing new dynamcs in the solution of
problens affecting our well-being and econom c growth.
Rat her than putting enphasis on the wusual disciplinary
divisions (viz. civil, nechanical, electrical, etc.), the
focus must now be on the main problem areas falling within
the purview of the engineer: such as infrastructures,
envi ronnment, processes and systens. Each one has a
particul ar set of parameters, including materials of various
types, energy in various forns, etc. Mentalities nust be
transfornmed, attitudes changed. Engi neering education nust
pl ace greater enphasis on problemdefinition and formnul ation.
Outreach approaches toward other disciplines nmust be
ent ert ai ned.

Engi neering design nust be redi scovered and given a central
role in training engineers. I nterdisciplinary projects
shoul d be encouraged and special courses to that effect be
i ntroduced accordingly.

Recommendati on No. 1

The Federal Governnent should take the necessary steps to
ensure that wuniversities as well as the national granting
councils supporting university research are sensitive to
t he special nature of engineering and that their program



criteria reflect this through added enphasis on innovative
probl em sol ving approaches and interdisciplinary projects.



ENG NEERI NG SCHOOLS I N THE ECONOWY

In a know edge- based society with an information intensive
econony and a nultiplicity of fast evolving and far-reaching
new technol ogi es, engineering schools constitute a vital
part, if not the very foundation of the country's S&T
infrastructure

Thi s precious asset must be continually upgraded to serve the
i mredi ate needs of the country's production system both in
terns of human resources and nodern equi pnent. Therefore,
engi neering schools nust be hotbeds of generic technol ogy
creation and the place where new principles of production and
technol ogy managenent are explored and systematically
i nvesti gat ed.

Canada's thirty-three (33) engineering schools already
represent a nmmjor resource, but their potential to contribute
to the future of this country is not fully recognized and
appreci at ed. They should be considered as a inportant
conponent of the Canadi an Technol ogy Network and be given
t he supplenentary financial resources to serve as such

Bei ng spread across Canada, they should be given the
financial resources to really constitute the National Network
with collaborative distance teaching. They should be nade
t he nodes of the much tal ked-about | nformation Superhi ghway.

Even though spectacul ar progress has been achieved in recent
years in bridging the gap between universities and industry,
the efforts are still too timd and too sporadi c.

In particular, engineering schools nust |learn how to dea
better with small or nediumsized technological firms and
train their students to neet the needs of this inportant
sector of our econony. Courses on technol ogical innovation
and entrepreneurship should be regular parts of the
curricul um Interdisciplinary projects undertaken jointly
with small firms should be given special attention. A
prof essi onal Master's degree in technol ogical entrepreneur-
shi p, devel oped and delivered jointly by the engineering
school and the managenent/adm nistration sciences school
shoul d be offered in each province as a collaborative effort
with local industry and the financial conmmunity.



Reconmendati on No. 2

The Federal Governnent should be supportive of and provide
enhanced support for research undertaken by engineering
professors and their graduate students that is directed at
real and relevant issues of significance to the present
and future needs of society and its industrial and
services sectors.

Engi neering schools should have nuch nore autonony than
they now have, being immersed in a sea of science
faculties, and should focus nore on problemsolving and
i nterdisciplinary approaches in the <curricula than they

presently do. They should encourage business sabbaticals
and value nore the professional experience of their
recruits than just academ c credentials. The "publish or

perish" policy should be replaced by "excellence through
rel evance".



NSERC AND | TS STRATEG C PLAN

The Natural Science and Engi neering Research Council (NSERC)
has recently published its new strategic five-year plan. The
debate which led to that plan raised very inportant issues
regarding the role of university research within the S&T
activities in Canada.

Engi neers in Canada do recogni ze the inportance of university
research in the advancenent and application of know edge
wi t hout which technol ogy devel opnent would be virtually
i npossi bl e. This is not to say, however, that every
uni versity professor has strong capability and an inherent
right to obtain special funds to carry out basic research as
he/ she pl eases. The granting councils should avoid
"saupoudr age" and be encouraged to award grants to the nost
creative and the nobst productive researchers. Quality and
productivity should be neasured not only in terns of nunbers
of papers published but other neans as well, such as the
significance of their research to the long-term needs of
i ndustry or the nunber and application of their inventions.

Engi neers in Canada are very supportive of NSERC s new
busi ness plan and appreciate its intent to increase
interactions with industries. The "research alliances”
di scussed in the plan will lead to increased wealth and job
creation through sustai nabl e devel opnent.

Granting councils and industry should recognize that one of
the outputs of greatest value from academ c research is
peopl e highly educated and well trained. People constitute
the best formof technology transfer. Research funds shoul d
be allocated mainly according to the quality and quantity of

this input.

It should also be recognized that governnent and other
financial 1incentives are necessary to entice academc
researchers and industrial people to undertake cooperative
pr oj ects. These incentives nmust be strong enough to

encourage conpanies with no previous history of such
i nteraction and/or no previous involvenent in R& to approach
and work with the universities in collaborative projects.
This applies particularly to small or mediumsized
manuf acturing firnmns.

Recommendati on No. 3

The Federal Governnment should provide NSERC with the funds
necessary to successfully acconplish the goals and
university/ industry roles expressed in its |[|atest



strategic plan, particularly the financial assistance
required by wuniversities to undertake joint research wth
i ndustry.



NEW RESPONSI BI LI TIES FOR NRC

The National Research Council of Canada (NRC) is a venerable
institution which has been in existence for over 75 years.
| nevi tably, throughout such a long period, it has experienced
a nunber of inportant changes but its adaptation to financi al
constraints and new industrial conditions may not have been
as innovative as sone w shed.

Anmong its many notable achievenents, is the unquestionable
success of the IRAP program which provides technical and
financial assistance to innovation in small firnms. |In terns
of new jobs created and practical assistance delivered, the
program has produced inpressive results at relatively nodest

cost. However, even within the NRC, the program has not
al ways received the recognition and financial support it
nerits.

| RAP' s demand-driven client-oriented activities are
decentralized from Otawa and operate through a network of
over 100 organi zations, which include provincial research
organi zations (PRO s), universities and colleges (with their
industry liaison offices, industrial associations and other
pr of essi onal bodi es).

Engi neers in Canada recognize the inportance of |RAP and
consider this program as an inportant conponent of the
Canadi an Technol ogy Network (CTN) announced in Otawa on
August 5, 1994. However, as stated previously, Canadi an
engi neers stress the need to base that network also in the
engi neering schools across the land as these have very
i nportant resources that industry could profit from

NRC has, over the years, becane a center of excellence of
international stature well known for its fundanmental
research. Ef fective nechani sm should be devised whereby
Federal Governnment support for |longer-term applied research
woul d be delivered increasingly through university.

Recommendati on No. 4

The Federal Governnment shoul d:
increase its financial commtnent to | RAP
devel op an open client-server attitude

consi der transferring fundament al research to
uni versities



open its |aboratories to industry.



| NFORMATI ON SUPERHI GHWAY

Engi neers of Canada consider the advent of the electronic
information highway not only inevitable but also nost
desi rabl e.

Al Canadians wll ultimately benefit fromthis devel opnent.
It is not only a matter of technol ogy and tel ecomuni cati ons;

it involves all segnments of industry and a nyriad of
services. |t enconpasses not only science and technol ogy but
culture as well. It enbraces practically all realns of human

activity of the information age that we are about to enter.

Even now, there are nore Canadians enployed in the
information industry that in mning, fishing, forestry, pulp
and paper, steel making, car manufacturing, sea shipping,
railroad and air transport conbined. As John Naisbitt put
it, in the global economc network of the 21st century,
information technology will drive change just as surely as
manuf acturing drove change in the industrial era.

One of the best illustrations of the advent of the electronic
hi ghway, is the spectacular growth that [ nternet has
experienced in the last 10 years. This nmega-network is
al ready reaching 25 mllion subscribers through 2.5 mllion
conputers, in 30,000 networks in 72 countries, covering
30, 000 donai ns.

I n Canada, the Federal Governnent has | aunched jointly with
the tel ecomindustry an anbitious programfor the devel opnent
of new applications and services relating to the information
super hi ghway, called CANARI E (for Canadian Network for the
Advancenent of Research in Industry and Education).

The existence of this electronic highway wll enhance
considerably Canada's attractiveness as a good country to
| ocate head offices, research |aboratories, production and
marketing facilities for dynam c conpanies operating
wor | dw de.

The existence of an advanced communications infrastructures
at conpetitively priced services is becom ng essential for

many types of business activities. It is already critical in
terms of Canada's conpetitive positioning wwth regard to the
North Anmerican Free Trade Agreenent (NAFTA). In addition to

facilitating the creation and design of new products, new
services and new i nformation-based firnms, as well as R&D and
ot her essential parts of the innovation process, the
el ectronic highway will radically alter existing nodes for
instruction delivery.



Reconmendati on No. 5

As a way of creating durable new jobs for Canadians in the
gl obal econony, the Federal Governnent should expand its
col | aboration with the private sector in the establishnent
of a <coast-to-coast worldclass [Information Superhighway
and the effective use of that facility.

Recommendati on No. 6

The Federal Governnent should help ensure that faculties
and schools of engineering and applied science becone
actively involved in partnership wth industry in the
t echnol ogi cal devel opnent and the applications deploynent
of the Information Superhighway, particularly wth respect
to broadband devel opnent of interactive nultinmedia and the
delivery of education at a distance.



FI NANCI NG THE NEW ECONOWY

World economes are changing rapidly. New i deas and
i nnovations are becomng increasingly the drivers of economc
growt h and societal progress. I ndustries are becom ng
know edge-intensive. Even traditional industries are caught
in the swng of the information revol ution. Power ful new
i ndustries unimagi nable a few years ago are now energing.
However, the nost inportant phenonenon is the globalization
of the econony and the net increase in international

conpetition. It is in this tough and vibrant environnment
called the New Econony that Canadian firnms nust grow and
pr osper.

It is a well-known fact that Canada's industrial structure is
truncated, |acking the manufacturing strength of severa

advanced countries and small economes |ike those of
Switzerl and, Denmark, Sweden and others. It is also a
recogni zed fact that small and mediumsized enterprises
(SMEs) are playing a very significant role in the New
Econony, particularly with regard to innovation and new job
creation.

However, it is also a fact that even though the technol ogy-
based SMEs are thriving on innovative products and servi ces,
relatively very few of themin Canada even have an engi neer
in their enploy. This is in strong contrast with SMES in
Cermany, France, U.S., and several other countries. How can
t hese SMEs hope to successfully enter world markets w thout
having the basic requirenents to deal with fast advancing
t echnol ogi es? How can they enter the world of total quality
wi t hout havi ng engineers in design, production and services
to clients? How can they position thenselves with regards to
energi ng technol ogi es? How can they benefit from research
carried out in our universities with regard to energing
technol ogies transfers when they do not even have an
"interpreter" of technology or of scientific advances?

Yet, is is anachronic that due to the present recession, many
conpetent engineers, including many new graduates, cannot
find enploynent in their field of conpetence.

Anot her basic problem facing SMEs is their chronic
undercapi talization and unsufficient involvenent in R&. The
Federal Governnent shoul d recogni ze that financing has becone
a critical determnant of the success of know edge-based
SMEs, of which there are thousands now in Canada. Many
studi es have shown the great difficulties encountered by SMEs
in obtaining both debt and equity financing.



Reconmendati on No. 7

The Federal Governnent nust nove ahead wth its intention
to help finance the new econony as announced in the Budget
Speech on February 22, 1994. It nust facilitate to small
busi ness, particularly the energing high-tech conpanies,
access to adequate capital.

Recommendati on No. 8

The Federal Government in collaboration with the
provinci al governments and the engineering conmmunity,
shoul d establish the "Engineers and Scientists Progran',
as announced in the 1994 budget, to increase rapidly the
enpl oyment of engi neers in small and medium size
entreprises followng the very successful PSES program in
Quebec.



PUBLI C AWARENESS OF SCI ENCE, ENG NEERI NG AND
TECHNOL OGY

Scientific culture and public awareness of S&T are
consi derably enriched by considering "engineering” at the
sane tinme. Indeed, engineering is about the transformation
of science into technology, and about the translation of
technol ogy into industry.

It should be a matter of concern to the Federal Governnent
and all other |evels of governnent to increase, rapidly, the
| evel of public awareness of science, engineering and
technol ogy (SET), especially in kindergarten through G ade 12
school i ng.

Progranms such as the "OQutreach" program sponsored by
universities for secondary and high school students and
i nnovators in the schools, supported by the engineering
community and ained at el enentary schools across Canada, are
exenpl ary and shoul d be supported. It is at these formative
ages that teenagers |learn about the technol ogical world
surroundi ng them and about industry that makes the econony
turn. It is inportant that the incom ng new generation be
made better prepared to enter the highly conpetitive world
that will be their's.

Much has been said about public awareness of science, but
much | ess about technol ogy and even | ess about engineering.
Now is the time to nove adhead and SET the course.

SET awareness al so applies to politicians of all parties who,
often, are unaware of the major issues facing Canada in this
regard. There is a need at all levels of governnent for
deci si on-nmakers or pace-setters to beconme know edgeabl e about
the SET issues affecting Canada's well-being and future
prosperity and quality of life.

Reconmmendati on No. 9

It is incumbent on the Federal Governnment to provide
| eadership in public awareness prograns relating to
sci ence, engineering and technology and, jointly wth the
provinci al governments and the business comunity, to
I aunch educational initiatives to make Canadians nore
aware  of the spectacul ar advances of science and
technol ogy and the renmarkable achievenents of engineering
in today's society.



CONCL US| ON

Engi neers of Canada constitute for the Federal Governnment a very
inmportant resource in all matters relating to the applications of
science and the full deploynent of technology in the production of
goods and services. Any federal strategy in S&T nmust therefore
take that fact fully into account.

In view of the many inputs provided through the national
consul tative process relating to the S&T strategy, this brief
addresses only sone of the major issues. That does not nean that
engi neers are not sensitive to the other issues but rather that
they feel very strongly about the few points they have raised.

Engi neers of Canada are commtted to contribute to the

finalization of the resulting strategy. They offer their services
to the Federal CGovernnent for its inplenentation.

Sept enber 1994



