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The connection between innovation and national wealth has long
been a given, leading governments to attempt to facilitate the
process. The current model of innovation is linear, emphasizing basic
research as its fou'ndation. However, there_ are indications that
innovation is a more complex process, having design and
development as its core. Recognition of a more holistic innovation

system would perhaps allow governments and business to allocate

scarce resources for greater return.

Darius Mahdjoubi, P.Eng.

* . .

. Ig is accepted wisdom that innovation plays the key role in economic growth. How-
"<, Wever, over the past five decades governments, economists, engineets and academics have
thought of the innovation system as a series of steps leading direcdy from basic research
to industrial commercialization. The starting point in this linear model of innovation
{see Figure 1) is basic research, which has been primarily the purview of universities,
government research institutes and the central laboratories of some very large firms. In

this model, industry does not usually en-

’ ter the picture until the applied research
stape. Development is the last stage in chis
Linear Model of Innovation

model, leading directly to commercializa-
tion.

Development has further been classi-
fied into “product development” and
“process development.” However, there
may be no clear distinction between
them. In facr, the same rechnical advance
may be viewed as a product development
..... S by its producers, and a process develop-
o y T 5 ment by those using it. The vast major-
. Applied Research * ity of product developments in the serv-

s ice secto, in particular, are process inno-

Basic Reseérch R vations for the manufacturing sectors.

- The linear model provides most policy

thinking and making about rechnology
_ _ development and economic growth.

. Consistent with this model of innovartion, science and technology policies have
evolved that have long focused primarily, perhaps exclusively, on government-funded
research and development (R&D). Combined with the economic rationale of market
failure and Keynesian economic policies, government granes for R&D remain a popu-

lar policy.
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Problems With the Mode_l

If equating the process of R&D with in-
novation were true, understanding inno-
vation would be far simpler than it truly
is, and the real problems would be far sim-
pler and less interesting than they truly
are. Increasingly, however, it is becoming
apparent thac this mode! does not reflect
the way in which innovation is practically
linked to the market. For example, the
model suggests that the sequence from re-
search through development to produc-
tion is a one-way path, concentrating on
R&I3 and beginning with basic research.
However, according to recent Industry
Canada Science and Technology Statistics
(1991}, only 3566 Canadian businesses
performed R&D, or only about 0.4% of
total Canadian businesses. OFf the total
business expenditure on R&D in 1991,
in fact, almost half was conducted by 25
firms. An Industry Canada discussion
paper of Scptember 1990 indicates only
3% of manufacturing firms had any
R&D capabiliy. :

A more recent example comes from a
1994 survey of small- and medium-sized
enterprises in Etobicoke, Ontario. This -
survey revealed thar the technology re-
source most used by over 70% of re-
spondents in developing their products
was development/adaprarion, rather than
R&D. About 40% of the businesses sur-
veyed indicated that, as suppliers or sub-
contractors, their technology develop-
ment process is based on manufacturing
well defined products, rather than on
commercializing new knowledge they
have derived: Some companies surveyed
both developed their own products and
manufactured products for others on sub-
contract.

Indeed, Stacistics Canada’s Advisory




Commitree on Science and Technology
Statistics concluded last year that R&D
expenditures are not adequate ro describe
the dynamic system of knowledge crea-
tion, development, acquisition and appli-
cation that determine the inventiveness of

the system. Better datz on the nature of -

innovation, its relationship ro technologi-
cal capabilities and the nature of diffusion
are required. '

Holistic Model of Innovation

Recent studies demonstrace thar the crea-
tion of new technelogies often begins noc
with the discovery of some new piece of
basic knowledge, buc with design, using
existing knowledge, to meet a recognized
need. The process of innovacion moves
back and fofth between market needs,
design, development, applied research
and, at times, basic research. Conse-
quently, any model of a real:world inno-
vation system cannot limit itself to R&D
as the basis of innovation. Instead, it must
depict a dynamic process, involving the
application of knowledge, together with
other inpuss, leading o design, develop-
ment, creation and marketing of tangible,
as well as intangible, products. In such 2
model, the core activity is a discrete stage
that we can call “design and development
and consulting/engineering services”
(D&D). - .

In chis model, the term design'is used
1o denote a seudy of new combinartions of
existing products and components, rear-
arrangement of processes, and planning of
new products within the existing stace of
the art. Design is not invention in the
usual sense; however, it is insufficiently
appreciated thar successful innovation,
even in high technology industries, is of-
ten not s¢ much a matter of invention (as
a patent examiner might define inven-
tion) as it is a matter of design, in the
sense of teying to devise a product or proc-

ess thac will achieve 2 desicable cluster of

performance characteristics subject to cer-
tain cost constraines, Designing is not 2
lower level or routine activity and a design
in some form is essential to initiating
technical innovarion. Redesigns are essen-
tial to ultimate success.

By adding an independent stage for
design/development and consukting/engi-
neering services to the linear model of in-
novation and explicidy defining the proc-
ess of information/knowledge transfor-
mation between them, we create a nec-
work between marker, production,
D&D, R&D and basic research (see Fig-
ure 2). This approach depicts technology

 Figure 2.

Innovation Model Incorporating Design/Development

development not as a one-way linear
process, but rather as a continuous, dy-
namic process in which innavation can
move forward from research 1o design to

- producrion to market, in ceverse from the

market to production-to design o re-

search, or in a cyclic manner inside any -

stage. .

Mareover, the D&D stage can be
made to apply widely to such activities as
an enterprise’s product design, process de-
sign, equipment design, plant design and
operation management. This configura-
tion is presented in Figure 3. In addition,
it should be noted that product design/
development is in practice often farther
subdivided, into design/development thar

applies to a product’s function/applica-

tion, form/aesthetic, or ergonomic fea-

tures, although itis not necessary o in- -

corporate this subdivision into the over-

“all innovation model here,

In praccice, there are many ways that
companies acquire or perform their de-
sign/development. In general, these ac-
tivities can be classified into two catego-
ries: make {or technology development)
and buy (or technology transfer), Each
procedure for 2cquiring technology—ei-
ther transfer/buy o develop/tmake—may

F Y

be further organized into a hiémrchy,-é&-
cording to the cooperative edge of knowl-
edge acquired and compeitive advantage

- af economic value {(see Figure 4),

By combining figures 2-4, we creare a
more holistic model of innovation (Fig.

ure 5), which shows 2 dynamic process .

that is more consistent with realicy than
the linear model of innovation. This ho-
listic model of innovation shows clearly
that innovation can occur throughout a
company’s operations, triggered in some
cases by new knowledge, bur in other
cases by an opportuniry to fulfi] a market
need.

Reverse engineering involves erying ro

" manufacture legally 2 product similar or

superior to one already available on the
world market, bue without direct foreign
nvesemient or the transfer of blueprints
for product and process design. Almost

- forgotten in the linear model, reverse en-

gincering requires understanding of the

- basic mechanism behind products and the

skills to copy, imitate, adapt and assimi-
late technologies. Studiés of Japan’s and

. Korea's rechnology development are not
" ¢omplete withour addressing the crucial

role of reverse engineering in innovation.
After the Second World War when Japa-
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nese industry was vastly devastated, ics
method of copying, imitating, assimilac-

ing and improving upon imported tech-

nology was consistent with reverse engi-

neering. Often originally developed -

through reverse engineering, the Japanese
approach to product and process design
created 2 new type of innovation manage-
ment. We should therefore recognize that
innovation, comprising both forward and
reverse engineering, will affect our na-
tional innovation system and technology
strategies deeply, as well as the manage-
ment of technology in business. -
It is also worth mentioning chat the
holistic model of innovation holds add;-
 tional sections relared to the internal
structure of other stages (market, produc-
tion, R&D and basic research), as well as
the role of human resource development
systems: (education, training), informa-
tion centres and rechnology transfer
mechanisms, social/culrural and natural
¢nvitonments and appraisal of intellectual
capital, However, discussion'of these is

beyond the sggc of this arricle.

Where To From Here?
For engineers, acceptance by policy mak-
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ers, managers and academe of 2 more
holistic model of innovation is important
because such a model recognizes explicitly
the range of activities in which they are
most involved. Where in the linear model
engincering services is a missing link, in

- the holistic model, engineers’ place in the
‘innovation system is recognized. This -

mode! can be used to justify a more
proactive role for design and engineering
services in companies’ investment and

strategic decisions. On the other hand, 2s -

a rxonomy and hierarchy, the model can
guide managers and policy makers in
technology planning and provide support
for creativity and innovation.

Ac the enterprise level, looking at the
process of innovation differently would
allow companies to develop technology
plans thar are broader than simply defin-
ingthe tcchni_cal aspects of their products,
R&D projects, or management of engi-
neering sections. Technology plans prem-
ised on'a more holistic mode] of innova-
tion are berter able to desgribe the main
Patterns and potential changes in the
technology strategies of an eritire business,

* and therefore better able to be integrared

with conventional business planning. In

ressivty suty | [rechicl Assista!;’
Buy Patent —l L Installation ] L : ) —I

today’s fast-changing industries, where
the lifecycles of specific tech nologies can
be shorter than the lifecycles of specific
projects, technology planning must g0
hand-in-hand with financia) planning, 1o
create an action plan for a given business.

Financial institutions and the account-
ing profession have recently begun o take
great interest in the integration of intel-
lectual capital into che conventional
framework of financial performance
measures for business. Because the struc-
ture of the holistic model is based on che
transformation of information/knowl-
edge, it is able to act as a link with the
appraisal of intellectual capital, activity-
based costing and techno-economic
analysis of projects. This method may
further assist engineers to fill emerging
positions in the new techno-economic
paradigm. :

In addition, if innovation is viewed
differently, engineering educarion could
well come 1o récognize excellence in ex-
ecution {(design and development, reverse
engineering and production) as activities
of ar least equal stature ro the pursuit of
original knowledge. Cerrainly, universi-
ties must not abandon basic research (for
the linear model may scilt apply to the
start-up of new industries or the launch
of breakchrough producrs), bur by equat-
ing innovation with R&D through the
system of research grants and publication
of research results to achieve tenure, uni-
versity engineering programs may not be
preparing students as well as they mighe
for these future engineers’ role in the real
world. e

Engineers must cotne to appreciate -
that design is not an activity limited to en-
gineering services, but is a broad phenom-
enon able to link them with many other
disciplines. Certainly, the professional
improvement of engineers will depend on
their understanding of design, bue it will
also depend on their ability to eXpress to -
society at large that design is the core of
innovation, not an appendix to fashion.
3 Cifeeen years ago, the Organization for
Economic Cooperation and Develop-
ment’s Frascati Manual made measuring
innovation by expendityre on R&D
standard pracrice. Rough]y‘?dccadqlatcr,
the OECD admitted in the Oslo Manual
that R&D data underestimare the
amount of innovative activity. in small

firms, and that wé are sill far from under-

standing all the factors that shape the rate,
direction and growth of innovation and
technological change, at every level of the
economy. Perhaps non-linear, holisric
models of innovation can assist us 1o ex-




plore the innovation process more fully.
Who knows, maybe the OECD's next
manual on interpreting the innovation
process will bear the name of a Canadian
ciry! : .
Finally, on a national level, looking at
innovation holistically would allow policy
makers to.develop more effective policies
to facilitate the innovation system.

Among G-7 countries, Canada has the

highest ratio of government and univer-
sity to businéss R&D expenditure and
Canadian tax treatment of R&D is the
most generous offered by any induscrial-
ized country. Yet Canada has 2 history of
difficulty in translating good ideas into
cominercial success, Clearly, the assump-

tion that scientific discovery leads auto--

matically to new products and services,
thereby enhancing national economic
petformance is false. Yet because it is the
premise on which current Canadian pub-
lic policy is based, too little support has
gone to exploring the place of design/de-
velopment and the dynamism of forward/
reverse engineering in the neework, If a
more holistic model of innovation were
recognized, scarce funds could be reallo-
cated to where they could achieve more
bang for the buck. R
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trial consultant specializing in technol-

ogy strategy, planning and manage-

ment. A mechanical engineer, he focuses
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Serfzices, particularly technical
services, are playing an ever
greater role in Canada’s in-
creasingly information-based
economy. Yet the relationships
between technical services and
technology development, and
between technology develop-
ment and economic growth are
not well understood by govern-
rment po!icy makers. Perhaps it's
time for new economic policies
that account for technology’s
place in weal;ih creation and

technical professionals’ role in

Darius Mahdjoubi

¢ he Third Wave.” “Information
I Revolution.” “Economic Re-
structuring.” “The Great
Reckoning.” Whatever you call it, our
economic future can no longer be re-
garded as a linear coatinuation of the past.
A new era has begun that will drastically
change every aspect of our lives.

What's new abou this new economy
is that it’s based on knowledge, racher
than on conventional materials, involving
manipulation of information at 2 very
small scale, racher than mass processing of
raw material, Activities that generace,
process, store and ansmit information—

services aff—are or soon will become the

most valuable parts of every business.

Role of Services Growing

The growing importance of services in
Canada’s economy can be observed in
Table 1, which compares the performanc-
es of its goods and services sectors in re-
cenr years. The goods producing secror

inciudes: agriculture, resource extraction

and processing, manufacturing and con-

struction. The service sector includes all

other economic activities, such as: trans-
porcarion, distribution, communications,
trade, finance, personal and business. Ta-
ble 1 shows how setvice industries have
comprised an increasing share of Canada’s
real Gross Domestic Production (GDP)
in recent decades. While the relative im-
portance of goods production has contin-
ucusly declined, services have increased in
value,!
The increasing role of services in Can-
. ada’s economy can be
Niey.  further examined
¢ ., by breaking

;. the service

Engineeéring Holds the Key

. sector into consumer, government and

producer services. Consumer services in-
clude zecommodation and food services,
distribution, private health care and en-
terrainment. Government services in-
clude public education and national se-
curity. Producer services comprise:
® accounting;

4 macketing;

+ law;

+ security;

® consulting engineering,

& enginzering design;

® industrial design;

# management consulting;

4 maintenance and repair;

* computers;

® architecture, and

® science.

Table 2 shows that over the past 30
years, the share of government services in
Canada’s GDP has declined, while the
share of consumer services has remained
constant and the share of producer secv-
ices has increased. In fact, service secror
growzh since the Second World War has

_been fucled almost exclusively by busi-

ness demands for new and improved pro-
ducer services. Indeed, during the last 25
years, the value of producer services in
real (1981 doliar) GDP has risen by 20%.

The service sector currentdy accounts
for71% of total employment in Canada.
During the 1980s, almost 1.9 million
new jobs were created in Canada, entirely
due to new service sector jobs. Service
sector employment is the largest and fast-
est growing part of the Canadian econo-
my. Indeed, employment in Canada’s
service industries grew at an average an-
nual rate of 3.1% berween 1971 and
1990, leading all other sectors in employ-

T
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mene growth. Canada is second, after the
United States, among Organization for
Economic Cooperation and Development
countries in the contribution services
make to the GDP.!

Within the service sector, consumer
and producer services, often referred to
collectively as commercial or business sety-
ices, experienced the fastest growth in the
period 1967-1988; with average annual
employment gains of 7.3%. This group
includes such jobs as scientific and engi-
feeting services and management consult-
ing. The proportion of business services in
Canada’s international erade in services is
also increasing. Although Canada current-
ly runs an overall service trade deficit, che
percentage of business service exports has

" increased substantially in relation to.cotal

services exported. At the same time, busi-

 Dess service imports a5 a share of total serv-

ice imports have declined.?

Engineering Services
How much of this increase in Canada’s trade

in services can we artribute to engineering?

Although statistical informacion in this
area is limited, there are strong indications
that engincering and technical services {as
opposed to such administrative services as
accounding, marketing, law and security) are
increasing their role in Canada’s economy.,

For example, Canada generally records
trade surpluses in cofnputer, consulting
and professional services, while consulting
and engineering services recorded carnings
of over $590 million on projects in foreign

_ countries in 1989, In 1987, export of con-
- sukting and engineeting services account-

ed for almost 12% of Canada’s toral in-
dustrial revenue. At the same time, Can-
ada’s total foreign revenue increased by

" 39% between 1986-1987, while tocal rev-

enues rose only 17%. This shows that
during that period, €xports were growing
at a much faster rate'than domestic trade
and that 2 healthy share of those exports
was related 10 engineering services.?

Engineering and Technology
Development :

Why have the role and value of enginesr-
ing services increased in Canada’s econo-

SERVICES AS A SHARE OF

DOMESTIC PRODU

CT, 1970-1990

T Y S e i T T ey

Services

60%
63%
66%

TABLE 2
.- PRODUCER SERVICES AS A
HA__RE OF TOTAL SERVICES, 1961-1990

ernment Consumer Producer
S ... Services

=i

Value of =85
Producer
Services
in Billions

Services

e ks

my? Simply, i¢ is because they relate fun-
damencally to the process of developing
and enriching information. And in ac
much as every economic activity relies to
some extent on technology and technol-
ogy is created by people generating, ma-
nipulating and applying information, an
economy based on information must be-
come integrated wich technology,
Further, as technology develops, the
value of the equipmenc, informarion and
human resources comprising it increases,
If the economy then caprures this added

30.6%
. 27.6%
128.3%

36.4%
37.5%
39.1%
41.3%

$ 56.7
$ 94.1
$136.7

value, the next generation of technology
development can be nurtured. The effect,
ulrimnacely, is to elevate the entire econo-
my, which can then further develop its
underlying technology base, leading to
another cycle of value added activity.
However, as an economy’s technology
base develops, it takes ever increasing lev-
¢els of value added 1o elevate it further,
Engineering services are the medium

. through which value is added, because

they rake informarion generated and
processed through basic research and

Engineering Dimensions, September/Octaber 1994 25
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R & D and focus it to solve specific pro-
duction problems (see Figure 1). This
process is called innovation. It is through
innovation that technology is enhanced
and the economy’s technology base is el-
evated. In addition, engineering services
link investors, encrepreneurs, technology
holders, manufactuters of machines and
construction firms, which all play 2 part
in enhancing an economy’s technology
base, Co

Government Policy _

What does this mean for government eco-
nomic policy? First, that governments
must begin to rethink their traditional
€conomic assumptions, which cannot ac-

23 Enginesring Dirmensions, Se_pter_nber)‘october 1954

count for the rcla_tidnship between tech-

nology development and economic

growth, because they do not recognize irs

existence, Demonstrated by the increas-

ing role of engineering services in Cana-
da’s economy, this relationship is central
toeconomic developrnent, yet tradition-
al economic development policies have
untif very recenty largely ignored it. Even
so-called science and technology polgqcs
have lacgely rargeted development of sci-
cntiﬁl:arid tcmchrﬁ?cal research, rather than
recognizing engineering and technical
services as the source of innovation, -

" Until governments at all levels begin
to fecognize a dynamic economic mode!

 in which the economy and technology in-

teract in a development cycle thae adds

- value through innovation, our efforss to

- kickstart Canadi’s'economy can be only

- partially successful. Canada néeds 2 com.

prehensive national technology strategy

- that recognizes technology as the founda-
* tion on which 6ur entire economy is
- built, Our national technology strategy

should also be able w0 integrate 2 wide
range of scientific, environmental, finan-
cial and economic development Pprograms
and policies. - o )
Members of the enginecring team,
- who transform basic information from re-
-search into value-added technology
through innovation, have 2 major role in
defining and implementing what our

- country’s technology strazegy should be.

- So far, however, this role has been fitde
understood or appreciated. In the wake of
the federal ‘government’s recent an-
nouncement on-“Building a Federal Sci-
ence and Technology Strategy™ and-the
Ontatio Premier’s Council’s Project on

Innovation and Entrepreneurship (see

-sidebar), it’s time for technical profession-
als to speak up so thar theirkey role in
economic restructuring can become parr

_-of any national technology strategy. @

* Darius Mahdjoubi is an industsial cop.
sultant specializing in technology strat-

-+ egy and planning, He holds BS and MS

_degrees in mechanical engincering and
hias worked in plant design,. facilities
planning and establishing industeial fac-
' tories. He is currendy part of a team
working to developa municipal technol-
ogy development strategy for Etobicoks.
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