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Foreword

In 1979 the Science Council published Forging the Links: A Tech-
nology Policy for Canada, a report containing policy initiatives de-
signed to revitalize Canadian industry. The report proved timely in
its focus on Canada’s increasing vulnerability in a rapidly changing
world, its emphasis on the need for innovative industry in Canada
(a theme promoted by the Science Council for more than a decade
now), and its recommendations for a technology policy.

In view of our continuing concern about defects in the structure
of Canadian industry, Council has supported further research on the
problems of domestic industrial adjustment and the roles and con-
tributions of science and technology. For instance, it has commis-
sioned studies to examine the performance of foreign subsidiaries
and paths of adjustment by domestically owned enterprises. Thus,
recently it published Multinationals and Industrial Strategy: The
Role of World Product Mandates, a study by its ad hoc Industrial
Policies Group, which examines and promotes the acquisition of
world product mandates by some foreign-owned subsidiaries man-
ufacturing in Canada.

In Threshold Firms: Backing Canada’s Winners, Dr. Guy Steed
addresses and develops a positive response to the adjustment poten-
tials and problems of some of Canada’s domestically owned firms,
those medium-sized and operating in more technology-intensive sec-
tors. His background study provides detailed insights into the dis-
tribution and operation of threshold firms, their technology strate-
gies and performance. This knowledge then leads to
recommendations that are sensitive and responsive to the particular
conditions and roles of those threshold firms.

The study represents the author’s views and not necessarily
those of Council. It is a significant contribution to our understanding
of Canadian industry and Council is pleased to make it available to
the public.

Maurice L’Abbé
Executive Director
Science Council of Canada
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Preface

Intense pressures prevail among developed countries to reach the
front or keep ahead in technology-intensive competition. This study
focuses on some Canadian participants in the competition, our
threshold firms, many of which have emerged as world-class com-
petitors. These threshold firms are defined as Canadian-owned, me-
dium-sized and operating in one or more of our five most technology-
intensive industries. The study outlines the geographical and in-
dustrial distribution, behaviour and performance of such firms and
indicates why they are expected to play an important role in
Canada’s industrial revitalization. It suggests that their perform-
ance may be positively influenced by innovation policy, which has
become the point of convergence between industrial policy and sci-
ence and technology policy.

The study puts forward an urgent case for a national commit-
ment to nurture and promote threshold firms. It argues that
Canada’s current policies and support mechanisms do not serve them
as well as they might. It recommends measures to help strengthen
their international competitive position and speed Canada’s adjust-
ment to new global realities. The recommendations are designed not
merely to aid existing firms, but also to encourage the emergence of
additional strong, indigenous, core companies. It is through thresh-
old firms in particular that government innovation assistance (and
other forms of government-industry cooperation) can do the most to-
wards creating regional and national self-fulfillment.

G.S.
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I. Towards Backing
Winners

New Directions
Canadians have yet to agree on desirable industrial priorities to com-
pete successfully in an increasingly tough international environ-
ment. We confront several major challenges in choosing priorities
and subsequently trying to influence the direction of industrial ad-
justment and moderate its pace. Our relatively small economy has
great potential, due particularly to the range and extent of our en-
ergy resources.! Yet it is currently rather fragile, being both very
open to such practices as dumping and “unfair” competition and
spread so thinly across an enormous geographic expanse.? In addi-
tion, industrial adjustment is heavily constrained by a variety of
factors, including the lack of accessibility for our manufacturers, at
least through exports, to as large markets as are open to their com-
petitors in other advanced industrial countries (AiCs). The challenge
of setting industrial priorities is significantly complicated by the ex-
isting regional distribution of industry?® and is probably increased by
the degree, as well as the focus, of foreign ownership.* The challenge
is magnified further by the abundance of centralized and decentral-
ized institutions able to influence public policy with respect to in-
dustry, by interregional tensions and the virulence of regional griev-
ances (at least as expressed through our political institutions), and
by a disturbing, possibly increasing, depth of distrust and lack of
collaboration among government, business and labour.5

Such distrust does not augur weil when forms of “corporatism”s
appear to have gained vogue in international competition. Indus-
trial democracies, some despite their rhetoric, have shown growing
inclination to provide massive funding to their leading firms for
R&D, export development and other purposes, because they view
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high-technology firms as key instruments of national sovereignty.
This inclination follows upon their sobering experience with both
the failure of their macroeconomic policies and the problems arising
from the interaction of their earlier industrial and regional policies,
including various forms of reactive intervention and protectionism.
The latter interaction has proven especially disruptive. As Thurow,’
an American economist, points out:

“Within the category of options called industrial policies there

are two broad choices. Policies can be built to help losers or win-

ners. The correct solution is to have a social safety net for help-
ing individuals who are hurt when losers fail and an industrial
policy for insuring that America has sunrise industries into
which individuals can move when their old jobs disappear. An
industrial policy designed to prop up dying industries is a route
to disaster. We need only look at the countries that have tried

— Britain and Italy. No one can make it work.”

However “correct” such an economic solution, it runs headlong
into political, social and geographic realities, especially if the ex-
pected winners and losers are concentrated in different regions. A
weak central government in a federal system enhances the sensitiv-
ities and potential for conflict between development, efficiency and
regional equity objectives in science, technology and industrial pol-
icies.

The developed countries have become partners in a world system
of dynamic interdependence, driven by continual innovation and
technology flow. National technological capacity has become a vital
asset. Strengthening technological innovative capacities is an ab-
solute necessity for Canada, just as it has become for other Organi-
zation for Economic Cooperation and Development (OECD) coun-
tries.® From that necessity must spring a new approach to innovation
and industrial policy in Canada. The questions then arise — could
and should an important part of the new direction for policy be to
cultivate and capitalize upon the prevailing or potential expertise
and international competitiveness of our threshold firms in “sun-
rise” industries.® It is an initial premise of this study that these
threshold firms, which are in a stage of transition, will be techno-
logically oriented in their competitive strategies and will be the
firms most likely to see, and be suitably flexible to grasp quickly,
the opportunities for technological innovation, as well as derive ben-
efits from R&D support. They will be the main source of Canada’s
new core companies.

After a period of largely neglecting R&D and following mainly
passive approaches to industrial policy — depending mainly on fi-
nancial support programs, particularly last resort financing, to help
firms meet the new trading environment — in the early 1980s the
federal government appeared ready to shift its focus. It opted for a
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more active and nationalistic tone in its approach to industry, seek-
ing to stimulate industrial R&D, promoting the Canadianization of
the energy sector and expressing its intent to introduce measures
that will develop and strengthen Canadian-controlled manufactur-
ing firms.!° Several advisers have recommended such a path. They
have concluded that Canada, whose industrial economy has long
been primed and dominated by foreign-controlled firms, too many of
whose branch plants have no mandate to export or to innovate, must
now look largely to indigenous firms (defined as Canadian-owned),
with their own R&D, design and engineering capability, to outper-
form rival firms abroad.!' Some have also advocated development of
an industrial strategy focused on “chosen instruments,” “national
champions,” or “core” companies, in a manner now so frequently fol-
lowed by other countries.!?

Canada already has some experience with such chosen instru-
ments, at both federal and provincial levels. But their number is
relatively small and most are not primarily involved in manufac-
turing. Moreover, in view of the past failure of the private sector to
fill a particularly debilitating vacuum or to grasp a major opportu-
nity emerging in the Canadian industrial system, the instrument
chosen has usually been a “commercial” Crown corporation. Thus
Canadian governments have taken the route of state ownership
often more on the perceived basis of pragmatism or necessity than
of ideology or principle. Only rarely have they nurtured favourites
in the private sector, such as Bombardier in transport equipment,
CAE in flight simulators or Spar in satellites at the federal level, and
at the provincial level, SED Systems, Saskatchewan’s favoured elec-
tronics, aerospace and communications firm. Canada has been slow
to emulate the apparent successes of some AICs in such “corpora-
tism,” combining the resources of the state with the energies of a
preferred private enterprise. Our options may be limited in this re-
gard, notably by the degree of foreign ownership, but also perhaps
by the current lack of agreement on industrial priorities generally
and the divergence of views between government and business.
These factors make it difficult to identify more than a very few in-
dustries, such as aerospace, from which instruments could be chosen.

The prospects of building an industrial strategy focused on pri-
vate-sector core companies depend in part on the existence of suit-
able companies from which to choose. According to Britton and Gil-
mour, the core companies should deploy offensive and, at the least,
defensive technology-development strategies, and be competitive, or
have the potential to become so, in foreign markets.! Such compa-
nies will be found, they argue, among the 40 Canadian-controlled
companies that spend more than $1 million per year on R&D, and
in the future, core companies will emerge from the greater number
of small firms that are aggressive and possess patents.

17



Shepherd has emphasized that a policy of sponsoring core com-
panies in specific sectors, as proposed by the Science Council in 1979,
should focus on indigenous firms.!* A main feature of his argument
is that, in several sectors, domestically owned companies perform
more R&D per dollar of sales than do foreign-owned companies, and
that, given the nature of the truncation of foreign-subsidiaries, our
central thrust must be to build Canadian-controlled, technology-in-
tensive corporations in sectors where we have decided to specialize.
He suggests the selection of such core Canadian companies should
not be regarded as necessarily a central Canada policy, if some me-
dium-sized companies are included. However, “since much of our in-
dustry is foreign-owned, this core-company concept will not be easy
to implement; it will meet the vigorous but fatuous criticism that
the concept implies a hostility to foreign investment.” He adds:

“. . .innovation policies must increasingly recognize the impor-

tant role played in Canada by small and medium enterprises, as

generators of technology, as risk takers, and as employers. . ..

It is from this group that our ‘core’ companies will develop. It is

this group that the successful core companies will nourish.”

A policy of sponsoring core companies requires active govern-
ment intervention of a sort that may currently lack broad national
consensus. Yet would this be a surprising policy for a small and open
economy in light of modern international developments? Is it the
case that larger, more spatially compact and industrially diversified
economies than Canada’s may enjoy the luxury of less intervention,
insofar as their greater resilience allows governments to be more
indifferent to petitions to promote winners, preserve jobs, bail out
losers, or generally protect threatened interests?'® Is it not more ap-
propriate to devote greater efforts to coordinate and shift the relative
emphasis of government programs away from reinforcing failure and
towards supporting positive adjustment policies designed to speed
industrial restructuring? Such policies should promote present and
potential winners, offer more generous adjustment assistance to the
soft sectors, and build on regional strengths in a way that minimizes
interregional conflict and reinforces regional interdependencies.
Such an industrial restructuring would enable us to withstand for-
eign competition.

To maintain a thriving market economy in modern conditions
requires sensitive and intelligent government support. It presup-
poses acceptance of the interdependence of public and private
endeavour and of intervention based more on pragmatism than
simplistic ideology, a route already followed in most AICs.

For Canada, interventionist policies appear “palpably inescap-
able” to some experts. By strengthening market forces and entre-
preneurship, positive adjustment policies would provide a broad
foundation for a new approach to industry-government relations.'¢
This might involve some government influence on a broad range of
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management decisions, and require much greater business-govern-
ment interaction than has previously been acceptable in Canada,
particularly in Ontario. It would sustain a mildly active form of eco-
nomic nationalism.

Some movement in this activist direction, including specific sup-
port for locally based high-technology firms, was already apparent
during the 1970s in several provinces, especially Saskatchewan and
Québec. Some movement is also belatedly visible at the federal level,
though strong supportive measures are still lacking. It is even evi-
dent in Ontario, the pivot of Canadian manufacturing. Thus the
Ontario treasurer, previously one of the freer enterprisers in the cab-
inet, has noted he is moving away from the philosophy that govern-
ment’s role is simply to create the environment for growth. It is his
perception now that “North Americans have been naive fools com-
pared with our major trading partners.”’” Ontario’s Conservative
government has also introduced legislation to support the objective
of helping Canadians to exercise increased control over their eco-
nomic affairs, by acquiring and owning a greater share of the man-
ufacturing sector. In promoting the provinces’ Business Buy-Back
Program, the previous Ontario Minister of Industry and Tourism
argued “this initiative is key to increasing Canadian participation
in the economy, and to maintaining viable manufacturing opera-
tions in Ontario.”'® In a subsequent document, a strong plea for in-
terprovincial economic cooperation, he also noted:

“During the past few years it has become clear that interna-

tional markets are increasingly being dominated by foreign

companies that are government supported, government di-

rected, and sometimes protected by the security of closed do-

mestic markets. For most of our international competitors, trade

— and all aspects of trade, including heavy subsidization of R&D

— has become an extension of government economic and indus-

trial strategy. We would be naive to ignore what is happening.”?
Moreover, in redefining his government’s role he argued:

“Our government does not have the resources. . . to sustain weak

companies at the expense of the strong. . . we must stop watering

down our resources by backing losers simply on the grounds that
they need help. Instead, we must do everything we can to pick

— and back — the winners.”?°

Purpose and Approach

It is time we started feeling good about things we do well, or so a
popular TV advertisement admonishes us. And rightly so. Too com-
mon a trait of Canadians, it seems, is to show little aptitude for re-
joicing in our manufacturing successes as opposed to brooding over
if not bemoaning our failures. However, redressing the imbalance
requires detailed knowledge about successful firms.?! And it is
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hardly surprising in a country of vast distances that we know so little
about our small and medium-sized winners, or those with potential
to become so.

This background study seeks to raise public awareness about
performance, potentials and problems of technology-intensive in-
dustries, hence to contribute to discussion on the development of in-
terrelated science, technology and industrial policies for Canada.
Such policies must be rooted in a concrete and practical grasp of the
workings of industry. The study’s focus is on the condition and sit-
uation of threshold firms, which are medium-sized, Canadian-owned
firms in the electrical, chemical, machinery, transport equipment,
and petroleum and coal products industries. Its general purpose is
to outline the technology strategies and innovative focus of these
firms, indicate their patterns of survival and paths towards success
and examine the efficacy of government policies and programs de-
signed to influence them.

These threshold firms are potentially or actually in transition
between the state of a small-medium enterprise (SME) and a large
enterprise. How many are there on which to build? What are their
characteristics? How vital and vibrant are they? Are these Canada’s
unsung heroes, its generally less visible current and potential win-
ners? Are any at the forefront of global industrial innovation? Should
they be targets for specific Canadian policies for science, technology
and industry? And if so, what sorts of measures might be appropri-
ate?

Threshold firms are the main source of potential core companies.
This study has the following purposes:

1. to establish and document the scale and distribution, both
industrial and geographic of threshold firms;

2. to indicate the extent and form of turnover in their popula-
tion;

3. to analyze their behaviour and performance, with particular
regard to their technology strategies and forms of innovation;

4. to assess their use of, and satisfaction with, the available gov-
ernment schemes supporting R&D and innovation activities;

5. to promote awareness of their achievements and the impor-
tance of their R&D, design and engineering;

6. to consider some situations in which they benefit from and
contribute to Canada’s technical advance;

7. to point out the varied roles they play in different industries;
and

8. to contrast their various ties to their regional industrial en-
vironments and reveal the pressures towards, and direction of, geo-
graphic expansion.

My approach to the study is to combine a synthesis of several
recent studies, some of them not widely distributed, with an analysis
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of data obtained from both Statistics Canada special runs and a se-
ries of interviews with senior executives, and then to provide a num-
ber of case histories of threshold firms. The interviews and case his-
tories provide a reasonable cross section of experience, from varied
industrial and regional environments. Examples include successes
and failures as well as some walking wounded. The case histories
illustrate what threshold firms are like, what they do and how some
come into being; they present the views of the firms’ leading exec-
utives on strategies and problems; and they identify some similari-
ties and differences between firms. If the study can dispel some of
the ignorance, which seems to exist even at high levels, concerning
the nature and performance of these types of firms, it will have made
a useful contribution.?? Perhaps the study may also help to dispel the
usual image held by foreigners of Canada: that of simply an exporter
of raw materials, a country badly lacking in manufacturing and tech-
nological capabilities.

Why Threshold Firms?

To understand the importance of threshold firms we must look at
them in the context of the emerging objectives of Canadian govern-
ments, and trends in the international and domestic industrial sys-
tems. Many factors contribute to the potential special role of small
and medium indigenous manufacturing enterprises in general and
threshold firms in particular in the Canadian economy. The follow-
ing appear most pertinent.

1. A notable structural problem in Canada’s external trade. This em-
phasizes the need to strengthen Canada’s trade position by intro-
ducing measures to generate a more viable and prosperous manu-
facturing sector, particularly to encourage firms with inhouse
product design and engineering capability to develop unique prod-
ucts for export.z

2. The small likelihood of being able to strengthen significantly and
build on the “soft” manufacturing sectors. The competitive advan-
tages of some East European “state trading” countries and newly
industrializing countries (NICs) are increasing, not only in the case
of standardized products made with mature technologies by low-
skilled workers, but increasingly in less standardized products and
components requiring newer technology in some sectors of medium
technology intensity.?* The more rapid transfer of technology, usu-
ally through multinational corporations (MNCs), has contributed to
short-circuiting the product cycle in favour of Nics.?

3. The poverty of reliance on currency depreciation to improve com-
petitiveness of Canadian manufacturing, particularly end-products
manufacturing. This is a poor approach given the structure and
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ownership characteristics of this sector and the fact that much of the
international competitiveness in medium- and high-technology sec-
tors is on a nonprice basis, is heavily dependent on technological
innovation and product performance, and is frequently conducted
intrafirm.2¢

4. The shifting emphasis of AICs away from largely defensive and
reactive industrial and commercial policies towards more anticipa-
tory and positive adjustment policies. The latter policies aim to build
on the strengths of individual firms which have revealed their ca-
pability to perform. They support promising industries, particularly
through the promotion of R&D and technological innovation, in con-
junction with a range of other measures.?” They attempt to deal with
those many market imperfections which undermine the effective-
ness of macroeconomic policy.

5. The dominance of Canadian manufacturing, particularly the me-
dium- and high-technology sectors, by foreign-owned corporations.
Only a few foreign-owned corporations have an inhouse Canadian
R&D and design capability that enables them to export and to earn
a world product mandate or significant specialized mission.28

6. The growing rate of withdrawal and closure of foreign-owned
branches, plus the suspicion that American policy makers have
stepped up a subtle campaign against foreign branches. The cam-
paign includes measures such as the rapid growth of duty-free man-
ufacturing zones along US borders, and a reduced preference for
Canadian manufacturing projects by experienced US firms, at least
with respect to the transfer of significant new products.?

7. The considerable difficulties expected for foreign subsidiaries bar-
gaining to obtain specialized missions and world product mandates.
It may take a long time, according to some leading Chief Executive
Officers (CEOs), before new mandates are acquired and have sig-
nificant impact;3° yet domestic origin and control of technology and
design plus export market access are fundamental to export
performance.

8. The lack of large Canadian-controlled firms in more technology-
intensive sectors and the fact that government influence is already
extensive on many of those firms. Several of them are fully govern-
ment owned, such as de Havilland and Canadair, and some partly
government owned, such as AES, Polysar and Connaught, three sub-
sidiaries of the Canada Development Corporation, whose major
shareholder is the federal government. Among these government-
owned firms several are relatively recent acquisitions and some have
been nurtured to become winners. Among those in the private sector
several have become world leaders in their fields, including
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Bombardier in snowmobiles and other transport equipment and
Northern Telecom with its digital-based communications equip-
ment.

9. The growing emphasis among many AICs on regional policies de-
signed to mobilize the potential of a region’s indigenous establish-
ments and nurture, in particular, small and medium-sized indige-
nous enterprises, which many consider likely to be the main sources
of future employment and income opportunities.® In Canada this
trend has received additional impetus given the strong powers of the
provinces, largely in the form of province-building strategies aimed
at reducing dependence on external decision making. Many provin-
cial strategies include measures to support innovative and techno-
logically advanced firms, particularly those headquartered in the
province, whose development decisions they have a greater potential
to influence than those of externally controlled firms.32

10. The trend to look upon SMEs not only as powerful tools of regional
policy but also as significant sources of innovation.*® This contrasts
with prior academic and central government preoccupations with
large companies, and a social ethos which has long underplayed the
role of sSMEs and lacked appreciation of their risk taking and initi-
ative.3*

Outline

Chapter II reviews literature on the nature of technological inno-
vation, the technology strategies of firms, the role of SMEs in tech-
nological innovation, government support for technological innova-
tion, and some ideas about the size distribution and technology
strategies of Canadian firms, particularly the problems confronting
indigenous firms in establishing and maintaining innovative capa-
bilities. The review provides the basis for a series of questions re-
garding R&D and innovation by threshold firms.

To help identify threshold firms, Chapter III makes use of a spe-
cial tabulation from Statistics Canada. It also draws upon several
recently published reports that provide useful insight into the be-
haviour and performance of some threshold firms. Chapters IV and
V then analyze data obtained through interviews with leading ex-
ecutives in over one-third of these threshold firms. They focus on the
recent growth, technology strategy, R&D orientation, profitability,
types of innovation and export orientation of two subgroups: those
electrical products, transport equipment and chemical threshold
firms undertaking R&D; and the machinery firms, which comprise
the main sectoral group. The report identifies their use of govern-
ment schemes for R&D and innovation assistance. It indicates their
attitudes towards these schemes and some recommendations for
changes. Chapter V also notes the anticipated expansion of some
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threshold firms in the medium term and details the firms’ views of
the key constraints to their expansion. Chapter VI traces the re-
gional ties of several groups of threshold firms and their propensities
to extend their operations outside Canada. It provides some com-
parisons and contrasts between three main regional groupings: the
auto parts threshold firms in southwest Ontario; the Prairie farm
machinery, transport-equipment and electronics threshold firms;
and the electronics and telecommunications threshold firms of the
Ottawa Valley in eastern Ontario. It also contains case histories of
about one-tenth of the threshold firms. Chapter VII then draws some
conclusions and makes some recommendations.
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II. Innovation,
Intervention and
Indigenous Firms

Technological Innovation

Technological innovation, as the proliferating literature about it
during the 1970s reveals, is a very complex and protracted process.
It may involve a few “climactic decisions,” but more frequently con-
sists of a series of small decisions, usually made in the context of
serious constraints arising from previous decisions and necessitated
by continual changes in external information, all as seen against
some projected but uncertain future horizon.! The process tends to
vary widely among sectors and according to whether it is a product
or process innovation, and whether it is radical or largely incremen-
tal. Similarly innovations may come from a variety of sources, in-
cluding suppliers, users and a firm’s own work force.? Radical in-
novation, requiring both market and technological breakthroughs,
is particularly risky. Its success probably involves a variable blend-
ing of judgement, grit and sheer luck.?

Some of the factors associated with success and failure in in-
dustrial innovation and the characteristics of technically progressive
firms have been identified.* However, researchers have tended to
overemphasize factors internal to the firm and radical or major in-
novations, and until very recently, tended to ignore the role of gov-
ernment policy or legislation, competition or the effect of the general
economic environment.® The literature has given insufficient atten-
tion to the cumulative effect of numerous small technological inno-
vations, such as improvements in materials handling, more conven-
ient production techniques, reduced maintenance and repair costs,
and all the other small but cost-reducing or technology- and quality-
improving innovations.
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It is difficult to analyze the process of technological innovation
because it is influenced by such a wide range of factors. New tech-
nology may spring from many sources, including the inhouse R&D
of corporations, research associations, private inventors, universi-
ties, research councils and government research establishments. Its
development and use may be influenced by at least seven major fac-
tors: (1) general economic conditions; (2) market demand and com-
petition; (3) access to finance; (4) taxation policies; (5) government
R&D expenditures; (6) patents and licensing; and (7) a complex va-
riety of behavioural and cultural factors.® Many of the factors are
not readily quantifiable and attempts to isolate the role of any one
have rarely proved fruitful. Yet there have been limited recent meth-
odological advances identifying interactive groups of factors linking
firm and management characteristics to results and revealing con-
trasts between sectors.”

There is also a growing conviction concerning the primary place
of entrepreneurial individuals in successful technological innova-
tion. That place tends to vary, however, depending upon the stage
of a firm’s development, particularly if it diversifies into largely un-
related areas.? Hence, as a firm grows, successful radical innovation
requires a changing combination of entrepreneurial, managerial and
technological talents, and different people are likely to be effective
in different ways depending on the stage of the firm’s development.
Using this focus on the dynamic evolution of the firm, Utterback and
Abernathy have proposed a model of the innovation process that is
seemingly plausible for many industries, other than perhaps the
chemical industries in the North American context.? The model
draws upon product-cycle concepts. It suggests that as a product
matures the innovation mode shifts from radical product innovation,
which is performance maximizing, to incremental innovation focus-
ing on cost minimizing. Similarly, process innovation gradually in-
creases in importance outweighing product innovation once the
product has moved from its initial fluid state through to a transition
state in which a dominant design emerges. The product may ulti-
mately reach the specific state if it becomes standardized and stable
and the process of production becomes more rigid, efficient and based
on economies of scale. The base for competition tends to shift over
the product’s life cycle from functional product performance to prod-
uct variation and then to cost reduction. One implication of this
model is that in the fluid state at the beginning of the product’s life
cycle the SMEs in AICs will tend to have a comparative advantage.
That advantage may also be enhanced if life cycles are shortening.1®

Developing this model, Utterback indicates how the conditions
necessary for rapid innovation are different from those required for
high levels of output and efficiency in production.!* Regarding the
earlier fluid stage, he argues:
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“Innovation is at first stimulated by information on users’ needs
and even by users’ technical inputs. As the product line and
process develop, opportunities created by expanding internal
technical capability increasingly provide the stimulus for in-
novation. Later, pressures to reduce cost and improve quality
are expected to be the major stimuli for change. The initial prod-
uct line is diverse, often being mainly custom designs. Innova-
tive emphasis will begin to shift when it includes at least one
product design stable enough to have significant production vol-
ume. The line of business will consist mostly of undifferentiated,
standard products when it is fully developed.”

The innovative process for a typical new product is often seen
as linear in form, frequently characterized by six stages: (1) basic
research, which is rarely undertaken by business firms; (2) applied
research; (3) exploratory development, which may involve consid-
erable design work; (4) scheduled development, with prototypes and
pilot plants; (5) commercial manufacturing; and (6) marketing.
From this linear perspective has derived the emphasis of much gov-
ernment policy towards industrial innovation on the earliest parts
of the process, especially stage 2, although in Canada the federal
government has given particular emphasis until recently to stage 1.

The process is by no means linear, however. Indeed, it may more
frequently be reverse-linear. R&D may rarely be the beginning of
the innovative process. Many successful innovations have been ini-
tiated by astute market appraisal and recognition of the technolog-
ical feasibility of an innovation, followed by the formulation of the
idea into a design concept, which leads to problem-solving R&D ac-
tivity or sometimes leads directly to design of a suitable technical
response. Good communications between these functions are gen-
erally crucial to success.!? Moreover, the success of those organ-
izations able to sustain their innovative capabilities appears to lie
not only in their ability to attract or retain high-quality personnel,
particularly engineers and other technologists, but also to avoid ex-
cessive compartmentalization of R&D as a function apart from, and
often geographically distant from, marketing and manufacturing
functions, rather than being integrated with them.!3

Innovation has been called “a ‘coupling’ process, which first
takes place in the minds of imaginative people somewhere.”'¢ At an
interorganizational level the process involves at least three clearly
different patterns in which the dominant locus of innovation is either
(1) the product user, who may develop the idea through to building
and proving the value of a prototype, an approach often found in
scientific, medical and dental instruments or chemical process in-
novations; (2) the product manufacturer, as in textile machinery; or
(3) the materials supplier, as in the case of developers of new syn-
thetic materials such as poromerics, substitutes for natural leather.
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Technological Innovation Process and Government
Intervention

Whether the principal determinant of technological innovation is
the pull of market demand or the push of science or technology has
been a subject of policy significance and some controversy. The pro-
ponents of demand-pull seemed ascendant in the 1960s, their argu-
ments fostered by the detailed empirical work on patent statistics by
Schmookler?® and the interpretations of some major British!¢ and
American!’ studies. More recent research has argued, convincingly,
that “the primacy of market demand forces within the innovation
process is simply not demonstrated,” that there has been an unfor-
tunate confounding of “need” and “market demand”; that the process
is probably characteristically iterative, responding to both demand
and supply forces; that it is quite possible to subscribe, at least par-
tially, to both theories, with a counter-Schmookler pattern of devel-
opment evident in certain phases, for instance in the evolution of the
plastics and drug industries; that in many respects large R&D-in-
tensive firms anticipate more than respond to market demand; and
that, chance plays a greater role in competitive survival and growth
than it is comfortable to admit.'®

Governments of the AICs commonly try to justify public inter-
vention in technological innovation, through such mechanisms as
funding R&D, by reference to several notional types of market fail-
ure, including the disparity between private and social costs and ben-
efits, industrial concentration and capital market imperfections.
However, economic theory offers little guidance to how specifically
governments should intervene in the innovation process. Indeed, the
interactions and feedback mechanisms involved are so extraordi-
narily complex that the process is not well understood. As an Aus-
tralian report comments: “It is easy to advocate increased spending
on industrial innovation, but it is very difficult to compare the ben-
efits of different support mechanisms and to determine the best way
to invest the funds that are available.”*? Nevertheless, economic the-
ory can more easily be used to justify government support for inno-
vative SMEs than for larger enterprises because SMEs are inherently
more risky and confront greater difficulty in gaining access to capital |
markets.

Government approaches to stimulating innovation have varied.
Most approach the challenge with the same principal tools: R&D
support within private firms; procurement policies; programs to
meet capital needs, both for venture capital and start-up funding,
measures to assist industrial restructuring; creation of innovation
centres; and manpower policies.?’ However, the differences in em-
phasis have been substantial, whether with respect to the degree of
intervention, the linking of technology policy and economic growth
policies, the stress on commercialization of technology in contrast to
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its creation, the focus on mergers and strengthening the technolog-
ical base of particular sectors and specific firms, the reliance on
industry-government-university cooperation, or the priorities for
“big science” and “key technology” programs.

The role of government measures in influencing technological
innovation and project success has also been subject to much debate.
The debate cannot be resolved because the effects of government
measures are still not satisfactorily addressed by the prevailing
means and procedures of evaluation. Nevertheless, a few points war-
rant mention. Perhaps the major finding of empirical research in the
1960s and early 1970s was the important, if not key, role of govern-
ment procurement policies in influencing technological innovation.2!
Despite such findings, however, most government measures have
focused on supply-side targets, leading Rothwell and Zegveld to con-
clude:

“It would appear that, once again, government policies are

rooted more in the theories of a previous intellectual generation

(one that stressed the importance of supply factors in stimulat-

ing technological change and industrial innovation) than in con-

temporary economic thought.”22

Two other studies provide different perspectives on the roles of
governments. A recent major report on 164 innovation projects ini-
tiated since 1968 and spread among five industries in five countries,
identified 12 broad mechanisms through which governments may
influence the process of technological innovation. It found govern-
ment involvement in nearly one-half the projects and concluded that
its most significant result was the failure to detect any effect on proj-
ect performance of government attempts to stimulate innovation,
insofar as variations in project success or failure can be taken as a
measure of effectiveness of the government actions.?® Only in the
Netherlands was government activity perceived to have had any pos-
itive influence on project success. The results reinforce the conclu-
sions of another major recent study which attempted to discern man-
agement perceptions of government incentives to stimulate
technological innovation in England, France, West Germany and
Japan. The study found support for arguments that there are differ-
ences among industrial managers in different countries with regard
to their knowledge and their attitudes towards government support
for the R&D and innovation process, and that they perceive the effect
of these actions differently. It noted that government action to stim-
ulate innovation is perceived as comparatively irrelevant and as
tending to delay the process, being too slow and complex to meet
industry needs.?* The report also provides a succinct statement of a
paradox arising from government incentive programs (ips) for tech-
nological innovation:
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“It is inevitable that the most direct government 1Ps seem to be,
in general, designed to minimize failure, even though failure is
functional in this instance, and to temper success, even though
it is the possibility of untempered success which is necessary
given the risks involved. This combination of circumstances
makes it likely that no direct IP would last long if it were, indeed,
successful at stimulating the innovation process, because the
combination of high profits when successes do occur combined
with the apparent waste due to the high overall failure rate
would be prime material for untoward political consequences.”?
Despite such private sector perceptions and attitudes, and the
paradox arising from incentive programs, the strategic importance
of technology in international competition has led to a continued
proliferation of government policies and programs that attempt to
support and stimulate technological innovation. The risks multiply
that measures taken in one country will affect the interests of others.
This is most pronounced in the AICs aiming to support “future tech-
nologies.”

Technological Innovation and SMEs

The innovation potential of SMEs has become a focus of widespread
recent attention. Even though there are well-known advantages of
large firms in the innovation process, the importance of firm size has
varied considerably both between industries and between types of
innovation within an industry.?® Many SMEs have succeeded by
achieving technical competence in producing small batches or cus-
tom products and have developed capabilities as manufacturers of
producers’ goods, frequently operating as contractors to large enter-
prises. They have played a significant part as generators of techno-
logical innovations both for radical new technology and improve-
ments. For instance, one report on 352 major innovations made in
five countries between 1953 and 1973 indicated SMEs (defined as hav-
ing sales less than $50 million) accounted for nearly one-half.?’ They
are the most cost-efficient performers of R&D; their share in inno-
vations tends to be much higher than for R&D; and their significance
for technological innovation is generally most concentrated in ma-
chinery, instruments and electronics.?® As might be expected, they
tend to make a strong contribution to innovation in those industries
with low capital intensity but requiring sophisticated and special-
ized technological capabilities and relatively small production and
marketing resources.??

In a period of environmental turbulence and high unemploy-
ment, a notable feature of SMEs, particularly new small firms, has
been their major contribution to maintaining and generating em-
ployment, as seen in the United States?® and the United Kingdom.3!
However, the success of America’s small technology-based firms may
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not be readily replicated because it has been based on a combination
of unusual factors.32 There have been few equivalents within West-
ern Europe. Some contrasts between the United Kingdom and West
Germany are instructive.? In the former, poor economic conditions
have had a generally adverse effect on the formation and growth of
such firms at least until the late 1970s, a situation reinforced by
unfavourable cultural and attitudinal factors regarding technolog-
ical entrepreneurship. Yet recently several new high-technology
firms have emerged, perversely spurred perhaps by recession and
the threat of unemployment and university finance shortages.?* In
West Germany, however, where the economic climate has been much
more favourable, it has still not, by itself, been sufficient to generate
many such firms. There appears to have been a latent hostility there
to entrepreneurship. And existing entrepreneurs appear to be averse
to depending on external finance, are very suspicious of the banks,
yet lack the possibility of going public.

Until 1975 few countries had special aid programs for SMEs.
Governments in OECD countries have recently introduced or ex-
panded special measures to generate such technology-based firms
and support technological innovation by existing SMEs.3>

SMEs in the high technology sector usually specialize and often
do custom work. Their flexibility offers scope for innovation and the
development of new products. For highly specialized products they
frequently have a national or even global monopoly, at least at the
outset. However, SMEs also have inherent disadvantages, mainly re-
lated to shortages of specialized skills, lack of adequate cash flow
and inability to obtain economies of scale in production and distri-
bution. SMEs are often not able to make the transition to the large
production that their successful new products require and tend then
to be acquired by larger firms. Governments have tried a variety of
measures to overcome these disadvantages; the emphases, such as
on cost reduction and risk reduction schemes, of their policies, vary
considerably between countries.3¢

Innovation and Technology Strategies of Firms

Research into the nature of company strategies and R&D, particu-
larly for SMEs, appears to have received rather scant attention de-
spite the indications that R&D by more technology-intensive firms
is often of primary importance to their long-term success. A decade
ago, in his examination of the concept of corporate strategy,
Andrews®” noted the key role of technological change and argued:
“Technological developments are not only the fastest unfolding but
the most far reaching in extending or contracting opportunity for an
established company.” It is surprising, therefore, to find that com-
pany strategies for R&D and the incorporation of technological is-
sues within strategic decision making have until recently been ac-
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corded little interest in business literature on strategic decision
making and long-range planning.?®

Discussion of technological issues at a microlevel during the
1970s was heavily devoted to describing the characteristics of in-
novations by firms and their association with success or failure, or
to delimiting the sources of their technology. Initially there was little
concern for whether it was realistic to conceive of a technology strat-
egy for the firm. However, analysts subsequently learned how cor-
porate strategies may respond to different techno-economic environ-
ments and recognized that managers need guidance in the
formulation of such strategies.?® Two recent reports, based on gen-
eralized and aggregate notions, offer broad insight on the topic, al-
though they pertain more to larger corporations. Thus Rosenbloom*°
shows how technology strategy brings together significant aspects
of the organizational and environmental contexts of innovation. For
instance, he indicates how the concept of strategy formulation in-
volves matching “capability” (including technological capability) as
an aspect of organizational context, with “opportunity,” which is an
aspect of environmental context. More recently, Ford and Ryan*
have outlined the changing decisions companies face in choosing
when, how and whether to sell their technologies, according to dif-
ferent phases in the life cycles of such technologies. They visualize
that in the new global environment companies must improve their
rate of return on technology investments by marketing their tech-
nologies and not depend simply on using technology solely in product
sales.

The need to establish a strong competitive position through in-
house technological superiority, to keep a business vigorous, is em-
phasized by Hayes and Abernathy.*? They chide the use of modern
management principles in the United States as possibly causing
sluggish economic performance, and indicate that market success
through technological superiority is the strategy of the seasoned
European and Japanese managers with whom they had talked. One
management principle they consider has been carried too far is em-
phasizing the need for a market-driven strategy:

“A market-driven strategy requires new product ideas to flow
from detailed market analysis or, at least, to be extensively
tested for consumer reaction before actual introduction. It is no
secret that these requirements add significant delays and costs
to the introduction of new products. It is less well known that
they also predispose managers toward developing products for
existing markets and toward product designs of an imitative
rather than innovative nature. There is increasing evidence
that market-driven strategies tend, over time, to dampen the
general level of innovation in new product decisions.”
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Roberts*® earlier developed this line of thinking. He also con-
tributes an argument concerning corporate strategic alternatives for
medium-sized firms. He identifies three general strategic ap-
proaches available to a firm: market-dominated, capital-dominated
and technology-dominated. For the medium-sized firm, he argues,
the capital-dominated strategy is usually incompatible with the
firm’s resource base. The market-dominated strategy offers little
advantage either, because the medium-sized firm is wise to avoid the
great growth markets of the future, which he deems the natural
“cataclysmic market battleground of the behemoths,” and because
searching for market niches too small to be of interest to the very
large firm may be too self-limiting. Roberts considers that small to
medium-sized firms have a comparative advantage in pursuing a
technology-dominated strategy. His argument draws heavily on the
evidence of the Myers-Marquis* study, which evaluated 567 suc-
cessful commercial innovations in five industries. It showed that
65 per cent of the innovations cost less than $100 000 from concept
to market implementation. In promoting a technology-exploitative
strategy that is not dependent on the availability of significant cap-
ital, the medium-sized firm, Roberts recommends, should be con-
cerned that its ideas be related to market needs, but not necessarily
subservient to extensive market research.

“My own studies of 250 new high-technology companies showed

that company growth tended to accompany rapid movement of

advanced technological ideas into the market-place (Roberts,

1968). The emphasis of this finding is on the quickness of market

exploitation of a technology. As somewhat further support, my

data showed that extensive market research correlated with
failures. Entrepreneurs observed that if you can market re-
search the innovation, you’re already too late!”+

A technology-dominated strategy requires inhouse technologi-
cal capacity. Such capacity may offer five kinds of primary benefits,
according to Gold:

1. Attaining competitive advantages through new or better
products or processes;

2. Obtaining knowledge that can be sold advantageously;

3. Keeping up with, or avoiding injurious lags behind, compet-
itors;

4. Minimizing prospective differential disadvantages involving
inputs, transport, and so on; and

5. Providing the image of highly progressive management.

Gold argues that most enthusiastic supporters of expanding
R&D efforts expect the outcomes to be concentrated in categories 1
and 2, but such expectations are not realistic and can only lead to
underestimates of the gains from R&D programs. In his estimation,
the largest and most consistent yields from technological develop-
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ment efforts are likely to be defensive gains in categories 3 and 4.
Such contributions appear to be underappreciated, or even ignored.
Gold also identifies four alternative strategies for advancing tech-
nology: evolutionary (or incremental) improvements; licensing;
scale increases (in search of production economies from larger op-
erations); and major advances. He provides a crude but useful com-
parison of these technology strategies, measuring each against five
characteristics: relative costs of development; relative likelihood of
commercial success; relative time to achieve such success; relative
magnitudes of resulting market rewards; and the extent of attendant
costly disruptions in organizational arrangements, capital alloca-
tions, materials requirements, labour relations and marketing pat-
terns.

Freeman*” has usefully categorized six alternative strategies of
firms towards technological innovation, emphasizing that these
strategies are not purely definable forms. Firms may shift between
strategies as well as follow different strategies in their different
product lines. The strategies, which range from those adopted by
firms with extensive inhouse scientific and technical capabilities to
those of firms that lack virtually all such functions, are categorized
as offensive, defensive, imitative, dependent, traditional and oppor-
tunist. The first two strategies require firms to be knowledge-
intensive. They are differentiated on the basis that an offensive
strategy involves seeking technical and market leadership by being
ahead of competitors in the introduction of new products, whereas
the defensive innovator does not wish to be first, but still wishes not
to be left too far behind. By contrast, the imitative innovator is con-
tent not to keep up with the leaders, but rather follow well behind,
often heavily dependent on licensing the appropriate technology
where the firm has a decisive cost advantage or a captive market.
The dependent firm is like the imitator in that both lack many in-
house scientific and technical functions. However, the dependent
firm essentially plays a satellite or subordinate role, drawing usu-
ally upon either its parent or a large customer for its technology. It
frequently operates as a subcontractor. And the traditional firm is
like this dependent firm with respect to its lack of most inhouse tech-
nology functions, but differs in that the dependent firm is often re-
quested to change the nature of its product, whereas the traditional
firm operates in a market where there is no such need. Finally there
is the opportunist strategy, which involves the sharp entrepreneur
taking advantage of new opportunities without any inhouse scien-
tific and technical capabilities.

Our understanding of technology strategies of firms has been
only modestly furthered by studies of technological innovation. Most
studies have been directed towards analyzing such innovation as a
discrete event rather than continuing effort. They have viewed var-
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ious technological and other features of new products in a product-
specific rather than company-related perspective, so Nystrom*® ar-
gues, with emphasis on differences between products rather than
companies. Nystrom’s concern has been with company development,
including how companies choose new markets and areas of technol-
ogy, and how they organize and focus their R&D efforts, points which
require further attention in studies of product innovation. In two
empirical analyses he has distinguished between company R&D pol-
icy and realized R&D strategies. He has also tackled the problem of
measuring the success of such strategies. Nystrom identifies three
main R&D policy dimensions. He distinguishes between concen-
trated and diversified R&D, according to whether or not the firm
intends to branch into new product areas and technology; between
technological and market orientation in seeking ideas for new prod-
ucts; and between defensive and offensive R&D. An offensive ap-
proach involves attempts to be ahead of competitors in new product
development; a defensive one to protect an established market and
technological position by developing and introducing new products
of a “me-too” or imitative type. Nystrom also identifies three distin-
guishing characteristics of R&D strategies: orientation — external
orientation involves greater dependence on external consultants to
carry out the whole range of R&D activities than does internal ori-
entation; use — use can be isolated or synergistic, meaning that dif-
ferent technologies are combined; and organization, which can be
fixed or responsive. Attempts to differentiate firms on the basis of
these distinctions appear to be useful, but inevitably depend on a
good deal of intuitive appraisal. Nevertheless, the concepts offer
some insight into contrasts in R&D strategies. Of course, the use-
fulness of such distinctions also depends on whether the choice of
strategy determines the success of R&D, a sparsely plumbed area of
research.

A major problem in this area is how to measure R&D success.
Each measure, such as number of new products, sales of new prod-
ucts, market position for a new product or degree of patent protec-
tion, has distinctive limitations. Nystrom,* in one study drawing
upon detailed personal interviews of executives of a few Swedish
companies, opts for an outcome measure based on the level of tech-
nological innovation, which he interprets to refer to the extent to
which the basic product design utilizes advanced technology not pre-
viously applied to the problem area. A high level of technological
innovation may not, however, be combined with strong patent pro-
tection. The presumption is that the combination of a high level of
technological innovation and strong patent protection will
strengthen competitive advantage. In another study of a larger num-
ber of companies in the Swedish farm machinery industry, Nystrom
and Edvardsson® use two measures, the number of new products and
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the number of new products for which companies have gained patent
protection. Such measures, by emphasizing the contribution of R&D
to development of new products, of course underestimate the other
contributions, including the role of upgrading existing products and
processes.

Indigenous Enterprises and Technology Strategies
In characterizing Canada’s manufacturing firms, Britton and
Gilmour®! suggest:

“There is a unique size-ownership dichotomy producing a sort

of technological dualism, with a plethora of small, often ineffi-

cient technologically-isolated Canadian firms on one side, and
larger, but still inefficent, technologically-dependent foreign
firms on the other.”

Safarian® disagrees with this view. He argues that “once one
moves beyond the tail in the distribution, one is likely in a number
of industries to see some medium-sized and larger domestically-
owned firms competing with the medium-sized and larger foreign-
owned firms.” This report does not resolve the issue but it will in-
dicate that in most of the more technology-intensive sectors the num-
ber of indigenous, medium-sized firms would seem to be strikingly
small.

Safarian also raises the question why Canadian-owned firms are
not entering more quickly at the mature technology stage of the
product cycle, or even earlier, if it is the case that multinational
firms are becoming vulnerable to oligopolistic reaction effects far
more quickly on both products and processes. The answer lies in the
problems they have establishing and maintaining strong inhouse
R&D and technical capabilities, cracking multinational business
procurement practices and obtaining the capital to exploit opportun-
ities.

Over a decade ago Crookell® evaluated the competitive problem
of the Canadian-owned firm and argued that it stemmed from its
inability to operate in conditions of high uncertainty, a thesis he
supported with evidence from the household appliance sector.
Killing> extended the argument, suggesting it applies primarily to
those industries in which there is a short lag between world intro-
duction and Canadian introduction of new products. His research on
the 50 largest public Canadian-owned secondary manufacturing
firms that are acquiring product-related technology under licence
agreements also indicates that for those firms with a low inhouse
R&D competence, which rely on the licensor for a continuing transfer
of technology, licensing is not a viable growth strategy. In subse-
quent work exploring which type of licence agreement or joint ven-
ture is most appropriate for a given situation, he argues that, no
matter which type of agreement is chosen, the firm acquiring the
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technology should strengthen its own technical capabilities, the bet-
ter to understand the supplier and judge the appropriateness of the
technology .55

It seems likely, moreover, that licensing is more appropriate for
process innovations, which can probably be more easily transmitted
at arm’s length between firms, than for product innovations. How-
ever, firms may hesitate to send their process technology abroad for
fear of losing control over it, particularly if circumstances encourage
hard-to-detect illegal imitation. From the viewpoint of indigenous
firms it is also not encouraging to discover, on the basis of results
from a relatively small sample of US multinationals, that “firms are
more likely to license innovations that are only marginally profit-
able than ones that are very profitable, and that they are more likely
to transfer very profitable innovations via subsidiaries than by li-
censing.”’® To obtain access to more profitable technology it may be
necessary to have worthwhile technology, or the prospect thereof, to
offer in exchange. Telesio for instance, on the basis of a survey of 66
large multinationals, concluded:

“Licensees might find that they cannot obtain access to state-of-

the-art technology in the pharmaceutical, chemical, and elec-

trical industries if they offer no technology in return or if their

R&D program does not promise important innovations. A licen-

see wanting to purchase such technology should be prepared to

do research at the same advanced level and to license competi-
tors with some of the fruits of this research.”s”

Licensing may also be fruitful for indigenous medium-sized
firms with existing technical capabilities in two situations. First, to
obtain government-originated technology. As Miedzinski®® has ar-
gued, such firms are the most likely clients for government technol-
ogy in Canada, where most large firms tend to acquire their tech-
nology either internally or from their parents abroad, and small
firms lack the capability to accept sophisticated technology. The sec-
ond situation is revealed through the example of an industrial chem-
ical specialty business, whose versatile equipment enables it to make
numerous products for which production scale is not very important.
This indigenous chemical firm has built a successful technology
strategy on licensing by negotiating the best agreement it can, then,
having established itself in the market, developing other products
based on similar or closely related technology which it sells to the
same or similar markets. However, such a strategy may be less fea-
sible now than it used to be. As the firm’s chief executive officer
laments:

“It has become increasingly difficult to find foreign companies

willing to undertake licence agreements with Canadian com-

panies. A few years ago, many companies were keen to conclude
them but now they want to enter joint ventures with Canadian
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firms, to export into Canada, or to find Canadian companies who

will manufacture their products on a toll basis.”s®

Moreover, for indigenous firms lacking technological capability,
joint ventures are not likely to be a fruitful mechanism either. Such
ventures are only appropriate in unique circumstances, and are most
common when each partner contributes something unobtainable
through the market place. SMEs involved in successful joint ventures
are usually the suppliers of technology, not the acquirers.t® And if
they lack good marketing skills and distribution channels they have
little to offer in exchange for needed technology.

An alternative route for those lacking technological capabilities
is diversification. Yet diversification, especially through a strategy
of technology acquisition in areas outside the prevailing core skills
of the firm, would not seem a profitable path for indigenous firms,
few of which have had, at least until recently, core skills in tech-
nology-intensive areas. Canadian manufacturing firms, most of
them with core skills in resource-oriented and low-technology sec-
tors, have generally lacked success in their diversification strate-
gies, particularly in their attempts to achieve reasonable size within
related product groups. This has left them at a considerable disad-
vantage in their ability to undertake R&D and to innovate.6! Many
enterprises that have achieved larger size have done so through div-
ersification into product areas unrelated to their core skills, whereas
it is the size of the related product units that is crucial to achieving
economies of scale and continuous process and product innovation.

Insofar as diversification involves the learning of new skills it
is a risky process. Analyses by Killing of 40 companies manufactur-
ing more than 70 products under licence in Canada and the United
Kingdom indicate that:

“Licensing can help, if the skills which need to be learned are
related to those existing in the firm. If they are not, licensing
can become a trap, enticing a firm to produce a product which
it does not have and cannot develop the skills to produce. Firms
which license products requiring the development of unrelated
skills invariably use current and future technology agreements
which restrict them to old products, and their lack of confidence
limits them to products requiring a low initial investment.”62

For Canadian SMEs lacking inhouse R&D and technological ca-
pability, the strategy of making licensing agreements with foreign
sources of technology would not seem a fruitful path to diversifica-
tion. However, although creating an inhouse R&D capability may
first be easier, maintaining it has been a major problem.
Crookell,Wrigley and Killing have concluded that:

“Canadian firms lack the scale and the local market size to gen-

erate continuous R&D profitably. This is not to say that small

firms cannot generate new products, but simply that small firms

38



usually cannot do so on the continuous basis necessary to remain
competitive internationally in the long run.”s3
The implication is that they must achieve a larger scale and extend
their sights to foreign markets, in order to maintain continuous R&D
profitably.

Questions Arising

This review of literature on technological innovation and discussion
of the Canadian context provide both background perspective as well
as a basis for the following questions. These questions are explored
in more detail in subsequent chapters.

1. Do threshold firms undertake R&D and, if so, how critical
has their R&D been to their survival?

2. Have they managed to maintain continuous R&D profitably
over recent years?

3. To what extent are their strategies technology-dominated?

4. Are their technology strategies primarily offensive, defen-
sive, imitative or dependent?

5. Are their technological innovations radical or largely incre-
mental?

6. Have their designs progressed from an early fluid state —
with orientation to customized or small batch production —to become
dominant designs with longer production runs?

7. Is their base for competition in functional product perform-
ance, product variation or cost reduction?

8. Is their R&D outcome reasonably measured by the number
of new products and patents achieved?

9. What has been the source of government support, if any, for
their efforts in technological innovation?

10. What has been the efficacy of such government support?
11. Do they differ in their knowledge of and attitudes towards
government action regarding R&D and innovation?
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III. A Vital and Innovative
Core?

Small Indigenous Enterprises

Threshold firms develop out of the pool of small firms. The plight of
small manufacturing firms in Canada has been the subject of wide-
spread attention in the past decade. Among the advocates of the role
of small business in building a more balanced economy is Peterson.!
He has demonstrated how small manufacturing firms are disadvan-
taged, and how the greater capital-intensiveness of large firms and
their continued growth has been fostered by the Canadian income
tax system.

Small firms in Canada’s technology-intensive sectors have been
the specific focus of several reports, following widespread recrimi-
nations over the lack of a supportive environment to stimulate more
of them. Usually founded by scientists or engineers, a high propor-
tion of whom are not Canadian born, they tend to lead a very pre-
carious existence. With creativity in technical areas often at a pre-
mium, they have been characterized in reports made mainly in the
early 1970s as having a narrow product line and limited local market
and financial resources; as being weak in management skills, es-
pecially in marketing and financial areas; and on the whole as not
being highly innovative, tending to adapt ideas and modify products
from outside the firm.2 Litvak and Maule?® found there was little tax
incentive in the 1960s and early 1970s for entrepreneurs in these
small firms to invest their time and capital in the pursuit of a product
concept or marketing opportunity. Financial problems are particu-
larly prominent among these firms at an early age and the scarcity
and cost of venture and development capital to start and expand such
firms have been widely noted and deplored.*
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The problems are complex and involve widely contrasting view-
points. For instance, one venture capitalist recently indicated that
for each 500 deals he reviews, he will fund only 10-15, and out of
these only two will be phenomenally successful. Hence, “investing
in small firms requires a stout heart and staying power. Losses ap-
pear quickly; winners take time to mature.”® A contrasting view-
point, on the trials and tribulations of Canada’s technological entre-
preneurs searching for financial support in the earlier 1970s and
their intense frustrations with private risk taking, for which Canada
has had an excessively weak tradition, is vividly portrayed by Ross.
Canada’s banking system is not well suited for domestic high-risk
situations.” The chartered banks are not venture-capital lenders.
Although they could play a key role for SMEs in their early years by
providing loans against initial orders, in practice the banks cur-
rently provide capital based upon three times the firm’s asset cov-
erage, including personal cross guarantees on borrowers’ assets.

The opportunities, incentives and range of start-up and devel-
opment assistance for small firms significantly improved, however,
in the past decade, at least until the economic slump and the 1981
federal budget. Venture capital has become more readily available,
as through Ontario’s Small Business Development Corporations,
and management, technical and information assistance has been im-
proved. Ingenious little firms have arisen in a wide range of com-
munities across the country, many of them producing electronic
products or scientific equipment, others manufacturing machinery
or transport equipment.® The scale and geographic pattern of their
emergence is not readily documented at this stage, but the regional
propensity for innovation is probably far more widespread than gen-
erally expected and is not restricted to the major industrial centres.
Indeed, although the constraints to technological innovation may
still increase with remoteness from the industrial heartland, as some
suggest,® those constraints are being more successfully overcome
now in many peripheral centres, particularly across western Canada.
Moreover, even within the industrial heartland the propensity to
spawn small high-technology firms in the 1970s has probably been
greater in little industrialized Ottawa-Hull than in the much larger
industrial centres of Montréal and Toronto. The scale and geographic
dispersion of this emergence augurs well for the development in the
near future of several potential “core” companies. The most viable
members of this wave of new firms have already reached the cate-
gory of threshold firms.

The creation of a Ministry of State for Small Business at the
federal level in the mid-1970s and the introduction in recent years
of several federal and provincial business programs and incentive
schemes tailored to small business needs and potentials are indica-
tive of a greater, though not concerted or clearly focused, attempt to
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alter the previously excessive orientation of government support to-
wards big business. Québec has been notably ahead of the other prov-
inces in the extent of its programs focusing on building successful
SMEs, organizing much of its economic machinery around them.® No
doubt more could be done, perhaps by improved financing and public
sector procurement policies, by training assistance and by aiding
small firms to serve foreign markets, through export incentives and
promotion. Canada’s banks might well be more innovative and ag-
gressive in adapting their trade, finance and related services to the
needs of small exporters.

However, the proliferation of federal and provincial programs
bears the aura of a shotgun approach. Some programs, such as
Ontario’s recently introduced Small Business Development Corpo-
ration and the various new provincial organizations that aid SMEs
to solve technical problems and support promotion of innovative
products, certainly show initial signs of success. They strengthen the
prospects for small indigenous firms in the technology-intensive sec-
tors. But the flurry of government programs needs more careful fo-
cusing and intermeshing. Moreover, it seems likely that much of the
assistance may simply go to prop up weak firms leaving less funds
available to back the strong. Demands for government assistance
are increasing, but government resources are not expected to grow
commensurately. Currently most programs are not very selective,
and they usually involve both a last-resort approach and a signifi-
cant burden criterion, which may lead to inefficient allocation of gov-
ernment resources. A number of suggestions have been made to
deepen the incentives and improve the programs. One warranting
attention is for more private sector participation in decisions about
allocation of funds and that the federal government, “. . .in taking
a higher degree of risk than the private sector under similar condi-
tions, might be subject to less criticisms if it picked the winners both
in terms of firms it supports and sectors where there is a perceived
need for government intervention.”!!

Threshold Firms

Do threshold firms constitute a vital and innovative core from which
Canada’s future winners will most likely emerge? They are already
successful survivors in that they have managed to overcome (1) the
pitfalls of the start-up crisis, which lead to high failure rate within
the first few years of most new firms; and (2) the delegation crisis,
in which the initial entrepreneur or owner-manager confronts the
need to delegate key tasks, as the firm’s growth renders him or her
unable to exercise total managerial control any longer and internal
and external forces necessitate the development of a more rational
and bureaucratic structure.'? They have moved beyond the more
frenzied and fragile existence of the mass of smaller companies. It
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is on such medium-sized indigenous firms in the more technology-
intensive sectors that we shall now focus. It is their capacity to in-
novate and seek out new opportunities that makes them fundamen-
tal to the further development of Canada’s economy. Among them
are Canada’s largely invisible stars, positioned on the threshold of
leadership and providing the strong foundation on which, some ar-
gue, Canada must rapidly seek to build. But how many firms are
there of this type? And where are they? What niches have they cre-
ated to survive and succeed?

There has been almost no discussion of the growth and problems
of this type of SME among management scientists, organization
theorists and economists until very recently.’® Theory construction
has been limited and subject to harsh criticism.* The dominant
theme has been one of “stage” models of growth, whereby firms are
viewed as passing through stages, involving both external pressures
for growth and internal driving forces. Other main insights include
how the limitations of the entrepreneur’s expertise limit growth of
the firm; how the desire for growth and the capacity to grow varies
between entrepreneurs and is affected by the social identity of the
entrepreneur, distinctions being made between the “artisan,” the
“classical entrepreneur” and the “manager”; and how the greatest
opportunities for SMEs lie in the interstices left open by large firms,
or comprise functions in which the SME operates as a dependent “sat-
ellite” or “specialist servant” producing mainly to the specifications
of large firms.

Significant differences have also been noted between countries
in the climate they offer to nourish the founding and growth of these
firms.*® Research on technological innovations by SMEs reveals a use-
ful distinction between entrepreneurial and other firms. It indicates
that entrepreneurial firms, which are capable of making their own
innovations and often have a high level of scientific and technolog-
ical skills, tend to be found only in certain industries, which gen-
erally have relatively low barriers to entry. The main industries ap-
pear to be scientific instruments, electronics and machinery, which
are industries with low physical capital intensity.16

Canadian Reports

Several recent reports provide useful insights into Canada’s indig-
enous medium-sized firms, particularly those more technology-
based. For instance, Simmonds et al.,’” who have analyzed the use
of technology and science in Canadian industry, surveyed 226 firms
known to be engaged in R&D. Among the firms, 74 were, by their
definition, medium-sized (100-999 employees), and 39 out of the 74
were Canadian-owned. In their ranking of the relative importance
of components of technical effort, the medium-sized Canadian-owned
firms differed from their US-subsidiary counterparts. Indigenous
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firms gave greater emphasis to R&D and design and engineering;
whereas the US subsidiaries ranked production support first. The
rankings by small and medium Canadian-owned firms were similar,
indicating perhaps that growth from small to medium size did not
lead to a shift in technical priority from R&D to production support,
a shift which was common to US-owned subsidiaries. Simmons et al.
note the significance of hiring or promoting the right staff when the
medium firm undergoes its management transition. They suggest
how the firm, as it moves into areas it knows less well, confronts a
significant change in the nature of its competition, no longer nec-
essarily being ignored by the larger firms, with which it enters com-
petition despite lacking their resources. They quote Shepherd on the
emergence of the transition company, “characterized by increasing
numbers of products and markets, far flung efforts, highly leveraged
financial structures, widely fluctuating earnings and weakness in
management control.” They argue that, from the subsequent shake-
down and winnowing the company frequently emerges with aims
better defined and management more assured. Often the original
entrepreneur moves on, perhaps to establish another company, a fea-
ture noted in several other recent reports.

Knight and Lemon placed a similar emphasis on the importance
of finding or developing good management.!® They surveyed 53 small
and medium-sized Canadian technology-based companies, 26 of
which had over 100 employees. They found few of these firms were
large enough to have a formal R&D or marketing group, but the
larger the firm the more likely it was to have a well-rounded man-
agement team, and the more successful it was in the commercial
phase of innovation. They also found that few firms considered them-
selves technologically innovative, or had more than one innovation.
Most of the firms made use of government assistance, mainly tech-
nical assistance, and managers felt assistance should be more ori-
ented to commercialization than R&D efforts. Managements were
usually more oriented to the technology of the product rather than
the market need for the product. Expansion by the survey firms, they
found, was occurring chiefly in the United States.

A report by Litvak and Maule' focused specifically on this
phenomenon of direct foreign investment in the US by Canadian-
owned technology-based sMEs. Of the 25 firms they surveyed, 18
were essentially medium-sized, having a sales volume of between
$5 million and $50 million. Most of the firms had established affiliate
operations in the US in the 1970s, usually after exporting for a few
years first. The affiliates were nearly all wholly owned, operated
with high-debt ratios, with much of the debt capital raised in the
US. The firms had mostly built a dominant market position in
Canada and were not in competition with large firms. Their US sub-
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sidiary, rarely established on the basis of a production cost compar-
ison, had as a major objective to project to their American customers
the image of a US-oriented company. The combination of the tend-
ency to replicate their operations and to borrow heavily in the US
means that expansion there will not generate much in the way of
earnings for repatriation for some time.

A different insight into SMEs is provided in another recent
article by Litvak and Maule.?° In an initial study?! in 1970-71 they
had surveyed 47 small companies, relatively newly established and
founded by technologically oriented entrepreneurs, all of whom had
received government assistance. At that time they had judged
15 per cent of the firms to be successful and 30 per cent to have some
chance of success. A decade later, they found 18 had become failures,
and 29 (62 per cent) were still in operation. They considered 9 of the
29 survivors to be marginal, most of them having remained small,
focused on narrow product lines and earning minimal or no profits.
Twenty (43 per cent) of the initial 47 firms remained financially vi-
able. Marketing myopia, pronounced among the failures, appeared
less of a problem among the successful survivors. Eight of the 20
companies had publicly traded shares. Two of the eight had become
subsidiaries of larger firms, suggesting their viability might be at-
tributed to their parents. The act of “going public,” to raise small
amounts of capital, had not been assisted by prevailing rules and
practices, and Litvak and Maule noted “the disappointing financing
performance of the new issue, and the loss of some control that ac-
companied it, made the ‘going public’ experience less than a satis-
factory one for most of the firms, regardless of their subsequent com-
mercial performance.”

Among the 29 survivors 13 had sales in excess of $5 million, and
10 of these Litvak and Maule defined to be threshold firms. Many of
the firms, they found, had chosen to expand operations outside
Canada. Most of the successful survivors had followed strategies of
geographic rather than product diversification, establishing foreign
subsidiaries generally in the United States. This suggests that the
firms’ competitiveness and possibly their survival in Canada hinged
on achieving market success in the US. Rather than confront the
bigger companies, in the manner suggested by Simmonds et al.,?
these firms had avoided direct competition. With few exceptions they
had concentrated on specialized rather than mass markets, served
mainly industrial users, and competed largely on a basis other than

rice.
P A fifth report, produced for the Toronto Stock Exchange, at-
tempts to portray the financial environment as it faces Canada’s
“potential winners,” the high-technology “stage three” companies
— those which have survived start-up (stage 1) and early develop-
ment (stage 2), and are still growing, hence are typical candidates
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for listing on the stock exchange.?® The report examines the growth
and development of 10 private Canadian-owned high-technology
companies founded in the 1970s. Each had survived five years and
their size ranged from 47 to 280 employees. The sample was skewed
to the upper end; most were medium-sized firms. None was still
solely dependent on its founding entrepreneur. Their growth rates,
even though volatile and sometimes involving violent contractions,
were nevertheless furious, averaging almost 60 per cent compounded
average annual growth in sales and requiring annually almost
40 per cent more employees. Their debt/equity was twice the average
of Canadian manufacturing, a high level of leverage which heavily
increased risk. Each had been approached by potential acquirers.
Despite their average need for 75 per cent more equity to maintain
adequate working capital and more comfortable debt-to-equity ra-
tios, there was little reason for them to contemplate a public issue.
The report revealed how transaction costs and undervaluation of
shares made it prohibitively expensive. “As a consequence, the coun-
try doesn’t get the growth of employment it requires; some compa-
nies are acquired and their growth rates probably slow; some may
be acquired by foreign-based companies and their technologies are
lost. Everyone loses.” The solutions visualized involve transaction
cost reduction, increased market visibility, and improving the main
marketplace by encouraging extensive individual participation in
stock ownership. The report identifies an equity gap for firms in the
100-200 employee range, a size too small to warrant listing on the
Toronto Stock Exchange, yet, at least for those in Ontario, too large
to have access to funds from small business development corpora-
tions. Investors in SBDCs must divest when the firm achieves the 200
employee level, which is far too low to facilitate the normal venture
capital payback period.

Financial problems for the medium-sized firms are not eased by
Canada’s income-tax system, insofar as corporations with assets of
$1 million to $25 million pay the highest effective tax rate. As
Peterson?* has revealed, these corporations are too large to benefit
significantly from the small business deduction and not capital-
intensive enough to benefit from the capital cost allowance (cca), a
key factor in keeping down the effective tax-rate of larger corpora-
tions. The cca encourages the growth of the larger firms through
the deferral of a significant portion of income taxes each year. The
effective tax rate is highest for medium-sized manufacturing cor-
porations. In 1974 it was about 36 per cent, compared to an average
of about 30 per cent for all manufacturing corporations.

Identifying Threshold Firms
To identify the category of firms that we have called threshold firms
requires definitions specifying size, industry sector and ownership.
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No single definition can satisfactorily describe a diverse and chang-
ing universe of firms. The definition must also be adapted to the data
available. The source of our data is a special tabulation provided by
the Multinational Enterprises (MNE) section of Statistics Canada.
The basic unit of the tabulation is the individual plant or establish-
ment, each of which since 1970 has been assigned a unique serial
number (which therefore enables us to trace a plant when its own-
ership, industry classification, or country of control changes), a num-
ber to indicate its company or legal entity membership, and a num-
ber indicating the country of control. In those instances in which
several legal entities are under common control, the companies mak-
ing up the enterprise receive a common enterprise number as well.
Regarding the size criterion, there is no single, simple and
widely agreed upon definition to indicate the upper limit of a small
firm or the lower limit of a large one. Definitions abound.?’ They
tend to vary according to purpose, form of ownership, stage of a coun-
try’s development and type of decision behaviour. Size is most fre-
quently defined by number of employees, and often by total assets
or capital invested by owners. For this study the type of threshold
firm to be analyzed is defined as a Canadian-owned enterprise with
100 to 2499 employees in Canada, that provides 100 or more jobs at
one or several establishments classified according to its (their) main
product as belonging to one of the more technology-intensive sectors.
The definition effectively includes what some may consider to be still
relatively small firms as well as others which have achieved quite
large size. Several countries, for instance, define the absolute upper
limit of a small firm as 500 employees. Nor does our definition at-
tempt to differentiate small from medium-sized firms on the basis
that the former are independently owned and managed or that their
decision-making behaviour is different. Moreover, with this defini-
tion an enterprise may be included as a threshold firm even though
its main product focus is outside the technology-intensive sectors, as
long as it fulfills the other criteria and has a plant, or plants, with
a total of 100 or more employees assigned to the sectors included.
The definition of technology-intensive sectors is also subject to
widely varying opinions, particularly as the usual procedure of
equating technology-intensive with amount of R&D performed tends
to ignore the extent of technology-input through licensing and other
transfers, which often involve little or no domestic inhouse R&D.
However, the distinction between R&D intensity and technology-
intensity in Canadian conditions, although relevant for a few indi-
genous concerns heavily dependent on licensing agreements, is gen-
erally far more pertinent for foreign subsidiaries of the branch plant
or rationalized type, which may be technology-intensive but de-
pendent on their parents’ R&D. For the purposes of this study the
technology-intensive sectors are given a broad definition, using the
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2-digit sic (Standard Industrial Classification) category, to include
industries that ranked in the top four either in research-intensity or
in percentage of current intramural R&D expenditures in 1975.26
The four highest research-intensity industries, measured in terms
of R&D as a percentage of value added, are electrical products (5.1),
petroleum and coal products (4.6), machinery (3.2) and chemical
products (2.5). The fifth industry included is transportation equip-
ment (1.5), which ranked fourth in percentage of current intramural
R&D expenditures, but was of medium research-intensity. These
five accounted for three-quarters of the 1975 current intramural
R&D expenditures. The number of firms in these five industries
that reported undertaking R&D in 1975 was 410, or about
56 per cent of the total 727 manufacturing firms reported as per-
forming R&D.2” The other main industries that performed R&D but
are excluded by the definition used here are primary metals, and
pulp and paper, both of which were of medium research-intensity.

The definition of ownership and its relation to control is also
subject to some dispute, mainly with regard to a few large Canadian
enterprises not held through some form of majority ownership.28
Within Canada few corporations control others by holding minority
shares.?? Among SMEs maintenance of control generally requires
over 50 per cent ownership. The smaller the enterprise, the easier
it will be, if the enterprise is public, for outside groups to obtain funds
sufficient to buy a large block of shares and acquire control.

This analysis identified threshold firms through the special tab-
ulation provided by Statistics Canada. Firms in the tabulation were
assigned to enterprises according to ownership of majority voting
rights. Where information on ownership of voting rights is unavail-
able (for smaller firms) to assign control, Statistics Canada under-
takes research on ownership patterns and assigns control to what
they consider the most likely enterprise. With regard to foreign con-
trol the Statistics Canada procedure is as follows: “In the absence of
conclusive evidence to the contrary, a corporation is considered to be
foreign controlled if 50 per cent or more of its voting rights are known
to be held outside Canada or are held by one or more Canadian cor-
porations that are themselves foreign controlled.” Of course control
is not only attained through means of ownership. Some firms may,
for instance, be subject to a degree of foreign control to the extent
they are dependent on, or tied to, restrictive licensing agreements
or management contracts.

The Scale and Distribution of Threshold Firms, 1976

In 1976, the latest year for which the Statistics Canada special tab-
ulation was available, there were 165 threshold firms. Between
them, they employed about 71 000 people. Among these firms, 93
(56 per cent) were at the smaller end, with 100 to 200 employees,

48



whereas only 10 firms (6 per cent) employed 1000 to 2499 people
(Table II1.1). Notably, threshold firms were virtually absent (just
one firm) in the petroleum and coal products industry, and were only
sparsely represented (18 firms) among the eight subcategories in the
chemical industry. Twenty-nine (nearly 18 per cent) were in the elec-
trical industries, including five of the ten that employed over 1000
people. Threshold firms were mainly concentrated in the machinery
and transportation equipment industries, each with just over one-
third of the firms. The rather narrow industrial distribution of the
firms is more apparent when analyzed at the 3-digit Sic level, which
breaks the five industries down to 30 subindustries. Fifty-five per
cent of the firms were based in one of four subindustries: “other”
machinery (40 firms); motor vehicle parts and accessories (20); truck
and trailer bodies (19); and agricultural implements (12).

On a regional basis, and assigning the few multiple-region en-
terprises to the region having the enterprise’s major technology-
intensive employment, about half the threshold firms in 1976 were
in Ontario (86 firms), 21 per cent in Québec (35), 18 per cent in the
Prairies (30), and the remaining 8 per cent in BC (8) or the Atlantic
Provinces (6) (Table II1.2). The threshold firms tended to cluster into
five regional groupings of subindustries: “other” machinery in
Ontario (22 firms); motor vehicle parts and accessories in Ontario
(18); “other” machinery in Québec (10); agricultural implements in
the Prairies (10); and truck and trailer bodies in the Prairies (10).
These five regional clusters accounted for 70 firms (45 per cent).

The Entry and Exit of Threshold Firms, 1970-76
Consider now the turnover of threshold firms. In a dynamic economy
the population of firms and their activities will inevitably fluctuate.
There is a continual process of reorganization, often including merg-
ers, acquisitions and high rates of entry and exit among SMEs, as
they adapt to changing circumstances. The more dynamic and rap-
idly growing smaller public companies, in particular, soon attract
acquirers’ attentions and if not closely held find it difficult to resist
take-over pressure. A Canadian banker?® portrays the crisis con-
fronting the ambitious:
“In the world of small business, the moment of crisis arises at
that point when they are about to break through ‘from small to
big.’ The major problems are financial and these are com-
pounded if the new success is largely dependent on off-shore
sales. For many a small firm with a potentiality for greatness
this is the end of the line. Lacking sufficient capital and una-
ware of the alternatives of bridging the gap, the original owners
feel compelled, if not to sell out, then at least to grossly water
down and so be reduced to managing that which they once
owned.” :
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Table II1.1 - Canada’s Threshold Firms,* by Size and Industry, 1976

Enterprise Size — by Employment

SIC 100-199 200-499 500-999 1000-1499 1500-2499 Total
Machinery
311 Agricultural implement 9 2 1 12
315 Other machinery, equipment 23 13 2 1 1 40
316 Com. refrigeration, air

conditioning 2 1 3
318 Office, other machinery 1 1 2

Transport Equipment

321 Aircraft and parts 4 2 3 9
323 Motor vehicle 1 1
324 Truck and trailer 7 7 3 2 19
325 Auto parts, accessories 12 6 1 1 20
326 Railroad rolling stock 0
327 Shipbuilding, repair 7 1 8
328 Boatbuilding, repair 1 1 2
329 Misc. vehicle 1 1
Electrical Products
331 Small electrical appliances 1 2 3
332 Major appliances 2 2 1 5
333 Lighting fixtures 2 2
334 Household radio and TV 1 1
335 Communications equipment 6 1 1 1 9
336 Electrical industrial

equipment 3 1 1 5
338 Electric wire and cable 1 1

339 Misc. electric products 1 1 1 3
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Petroleum and Coal Products

365
369

Petroleum refining
Misc. petroleum, coal products

Chemicals and Products

372
373
374
375
376
377
378
379

Total

Mixed fertilizers

Plastics, synthetic resins
Pharmaceuticals, medicines
Paint and varnish

Soap and cleaning compounds
Toilet preparations
Industrial chemicals

Misc. chemicals

== NN

—

93

—

45

—

ANO - WNO

17 3 7

—
[=2]
n

* See p. 47.

Source: Statistics Canada, special tabulation by MNE Section.




Table II1.2 - Canada’s Threshold Firms, by Industry and Region, 1976

SIC BC Prairies Ontario Québec Atlantic
311 10 1 1

315 4 3 22 10 1
316 1 2

318 ‘ 2

321 1 4 2 2
323 1

324 1 10 5 3

325 2 18

326

327 3 3 2
328 2

329 1

331 3

332 3 1 1
333 2

334 1

335 5 4

336 5

338 1

339 2 1

365

369 1

372

373 1 1

374 2 1

375 2 2

376 1

377

378 2

379 3 3

Total 8 30 86 35 6

Source: Statistics Canada, special tabulation.

Canadians perceive the reorganization process for technology-
intensive firms as involving probable foreign takeover. To those who
support domestic ownership, the vision of their compatriots nurtur-
ing the birth and growth of small firms, only to see the more suc-
cessful taken over by foreigners, may have limited appeal. However,
the initiative for mergers and acquisitions usually comes not from
any predatory behaviour on the part of foreign enterprise but rather
from those wishing to sell control of their business. The desire to sell
may arise from several motives, including the wish of an owner-man-
ager to make a significant capital gain, to retire, to overcome per-
sonal deficiencies or difficulties in managing rapid growth, or per-
haps to cut losses in a failing enterprise or to get needed capital for
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expansion. The motives for acquisition are also complex. The Royal
Commission on Corporate Concentration®! identified more than a
dozen such motives, one of which was that of acquiring control of
independent and relatively small but promising companies in order
to provide financing and management that they could not otherwise
obtain. Very fast growing firms in particular may seek a takeover,
to help finance their growth in order to seize an opportunity or pros-
pect that may not remain open for long. Acquisitions by nonresident
owners have raised questions as to why the indigenous firms are
worth more to nonresidents than to Canadians, and whether it is
more appropriate to provide incentives and to adjust income-tax leg-
islation in order to encourage domestic acquirers, rather than to re-
strict foreign acquirers through the Foreign Investment Review
Agency (FIRA), and thus to motivate and assist the growth of Cana-
dian ownership at a rate faster than the growth of foreign owner-
ship.?2 Of course, the impact of FIRA is still open to wide conjecture,
but one general contention is that the FIRA procedure “amounts to
a process by which the acquisition activities of large domestic firms
are subsidized at the expense of smaller domestic companies.”® To
the extent that FIRA restricts the number of potential buyers of Ca-
nadian-owned firms it may also reduce the prospective capital gain
for owners of a threshold firm who desire to sell out to the highest
bidder and, theoretically, reduce the incentive for establishment of
such firms.

This report does not attempt to examine the complexities of
mergers, acquisitions and FIRA’s impact on threshold firms. It does,
however, provide some insight into changes in the population of
threshold firms in the early 1970s, a period in which FIRA’s impact
was minimal in that FIRA was only formed in 1973. Special tabula-
tions from Statistics Canada can be used to reveal some dynamics
of the population of threshold firms during 1970-76, including
changes between domestic and foreign ownership. I matched the
1970 and 1976 files on individual plants, noting changes, if any, in
their controlling enterprise. Those few plants and enterprises that
were founded after 1970 and that closed before 1976 were excluded.
The analysis covers three plant categories: those in continuous ex-
istence between 1970 and 1976; those founded after 1970 but still
operating in 1976; and closures by 1976 of those existing in 1970. By
far the majority of enterprises had just one plant within Canada.

Between 1970 and 1976, 92 firms achieved threshold status, a
rate of about 15 per year, or 9 per cent per year, if measured against
the base of 165 threshold firms in 1976 (Table II1.3). However, these
entries were not entirely new enterprises. They comprised two basic
categories. One was those plants and enterprises in the 1976 file not
matched in the 1970 file, hence apparently new. There were only 19
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Table II1.3 - Canada’s Threshold Firms Entries, by Industry, 1970-76

Entry Category and Subcategory

SIC U M Mi M2 M3 M4 Total (U+M)
311 9 8 1 9
315 5 12 8 1 3 17
316 1 2 2 3
318 0
321 3 1 2 3
323 0
324 5 10 8 2 15
325 4 9 4 4 1 13
326 0
327 6 4 2 6
328 0
329 1 1 1
331 1 1 1
332 0
333 0
334 0
335 3 3 3
336 4 2 2 4
338 0
339 1 2 1 1 3
365 0
369 1 1 1 2
372 0
373 2 1 1 2
374 3 2 1 3
375 2 1 1 2
376 1 1 1
377 0
378 1 1 1 2
379 1 1 1 2
Total 19 73 49 8 15 1 92

*U = unmatched in 1970 file: apparently new between 1970 and 1976;
M = match in 1970 and 1976 files, but in 1976 meets criteria;
M1 = same enterprise, ownership and SIC category, but below 100 employees in
1970;
M2 = same enterprise, ownership and within size criterion, but changed SIC
category since 1970;
M3 = same enterprise, SIC category and within size criterion, but repatriated since
1970;
M4 = same enterprise and ownership, but below 100 employees and changed SIC
category since 1970.
Source: Statistics Canada, special tabulation.

of them, including five each in “other” machinery and truck and
trailer bodies, and four in motor vehicle parts. The second category,
with 73 firms, comprises those enterprises matched in both files,
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meaning the firms were not new. This category is made up of four
subgroups. The main one, with 49 firms, includes those firms that
otherwise fulfilled the criteria for threshold status in 1970 except
they were too small. By 1976 they had reached 100 or more employ-
ees. A second subgroup, with eight firms, joined the threshold pop-
ulation because of a shift in their Sic status. For instance, four left
the ranks of metal fabricating firms when their product focus became
relatively more weighted, by share of shipments, to motor vehicle
parts. Another 15 represented the phenomenon of repatriation, a re-
sult some observers may find unexpectedly large. They entered the
threshold category not because of any change in SIC or employment
size group, but because they changed ownership from foreign-owned
to Canadian-owned. This subgroup was spread relatively evenly
among the industry categories. The final subgroup comprises only
one firm, which increased in size to 100 employees by 1976 and
shifted its product focus, leading to a change in SIC status.

There were also 45 exits from the category of threshold firms in
1970-76 (Table II1.4). Exits should not, of course, be construed to
mean failure or bankruptcies. Among the 45 exits, 17 comprised
firms that, according to the criteria specified, would have been iden-
tified as threshold firms from the 1970 file, but that were not
matched in the 1976 file. Thus these apparent closures occurred at
a rate of about three per year. The larger category of exits, with 28
firms, included those firms still in existence in 1976, but no longer
qualifying for threshold status. For 16 of those 28 firms, the reason
was that they were no longer Canadian-owned. Several were ac-
quired by European concerns, but most were taken over by American
enterprises. Thus the net loss to foreign ownership in threshold firms
for 1970-76 was just one firm. There were no cases identified of exit
through takeover by larger domestic concerns. There were two
smaller subgroups of exits, with nine and three firms respectively.
In the first, firms retained Canadian-ownership and stayed in the
same SIC category, but dropped to less than 100 employees. In the
second, they retained Canadian-ownership and were still of suitable
size; but shifted product focus sufficiently to be reclassified in an SIc
category not included here.

These figures do not seem to indicate a supportive environment
stimulating a thriving entrepreneurial spirit. With 92 entries and
45 exits during 1970-76, the net increase in threshold firms was 47.
Eight additions per year hardly constitutes a dynamic pace of
change. At this rate new threshold firms will not have a suitably
wide impact on the economy. The Canadian environment appeared
more supportive for some sectors than others, insofar as the additions
were not evenly distributed among the five industries (Table III.5).
Most net additions were in transportation equipment and other ma-
chinery. There was a small net loss recorded in electrical products.
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Table I11.4 - Canada’s Threshold Firms Exits, by Industry, 1970-76

Exit Category and Subcategory*

SIC U M M1 M2 M3 Total (U+M)
311 1 1 1 2
315 3 6 3 1 2 9
316 0
318 1 1 1
321 1 1
323 0
324 1 1 1 2
325 2 3 3 5
326 0
327 2 1 1 2
328 1 1 1
329 0
331 1 1 1 2
332 1 1 1 2
333 1 1
334 0
335 3 3 2 1 6
336 1 3 3 4
338 0
339 1 1 1
365 0
369 0
372 0
373 1 1
374 2 1 1 2
375 0
376 1 1 1
377 1 1 1 2
378 0
379 0
Total 17 28 9 3 16 45

*U = unmatched in 1977 file: apparent closure;
M = match in 1970 and 1976 files, but does not meet criteria in 1976,
M1 = same enterprise, ownership and SIC, but size reduced to below 100 employees;
M2 = same enterprise, ownership and within size criterion, but changed SIC;
M3 = same enterprise, SIC and within size criterion, but became foreign-owned.
Source: Statistics Canada, special tabulation.

R&D and Patents of Threshold Firms

Threshold firms do not necessarily deploy an offensive, or even de-
fensive, technology-development strategy. Nor are they all likely to
be technologically innovative. Some firms may well be largely de-
pendent, lacking initiative in product design and having no R&D;
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Table II1.5 - Percentage Distribution of Canada’s Threshold Firm Turnover,
by Industry, 1970-76

1970-76
1976 Net Change
Population Entries Exits in Number
Industry (%) (%) (%) of Firms
Other machinery 35 32 27 17
Transport
equipment 36 41 24 27
Electrical products 18 12 36 -5
Petroleum and coal
products 1 2 — 2
Chemicals 11 13 13 6

Source: Statistics Canada, special tabulation.

some are imitative, following the leaders in established technologies
and maintaining some adaptive R&D functions.

An initial simplistic indication of the technological innovative-
ness of threshold firms may be obtained through the use of two sci-
ence and technology indicators, R&D and patents. Neither measure
is particularly satisfactory. R&D, a widely used surrogate for tech-
nological innovation, is only one of many phases contributing to such
innovation. It is, however, one of the most costly phases, particularly
it seems for Canadian innovations.?* Moreover, R&D is simply a
measure of input and not necessarily a good indicator of innovative
output.

The number of threshold firms undertaking R&D and the extent
of their R&D employment is given by the Directory of Scientific and
Technological Capabilities in Canadian Industry, 1977.3 The direc-
tory may not be accurate because it was based on voluntary replies,
hence the following numbers are probably underéstimates. It indi-
cates that there were only 43 threshold firms undertaking R&D,
about one in four (Table II.6). Their total R&D employment came
to more than 1000 scientists, engineers and technicians, in a ratio
of about 1:6.5:5 respectively. This R&D effort was heavily concen-
trated in two industries, “aircraft and parts,” and “communications
equipment,” which between them accounted for over half the thresh-
old firms’ total R&D employment. Notable for their proportionately
low level of R&D contribution were firms in the “truck and trailer”
and “auto parts” industries. Only 10 of the threshold firms had more
than 15 employees in R&D, and three of these had over 150 so em-
ployed, a rough indication of the extent to which R&D was concen-
trated in relatively few of the threshold firms.

Patent data provide another surrogate for technological inno-
vation, in this case a measure of the inventive output of the firm.
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Table 111.6 - Canada’s Threshold Firms, R&D 1977 and Patents 1972-77, by

Industry
R&D New Patents
Total No. Employ- No. Total
SIC firms firms ment firms patents
311 12 6 29 2 3
315 40 6 76 15 70
316 3 1 29 1 2
318 2 2 23 1 1
321 9 4 384 2 7
323 1 0 0 0 0
324 19 1 2 5 13
325 20 1 3 8 26
326 0 0 0 0 0
327 8 1 3 0 0
328 2 0 0 1 2
329 1 0 0 1 5
331 3 1 3 3 5
332 5 2 17 1 4
333 2 0 0 1 1
334 1 1 26 1 31
335 9 6 346 3 12
336 5 3 18 0 0
338 1 0 0 0 0
339 3 1 14 1 4
365 0 0 0 0
369 1 0 0 0
372 0 0 0 0 0
373 2 0 0 0 0
374 3 1 13 0 0
375 4 2 20 0 0
376 1 0 0 0 0
377 0 0 0 0 0
378 2 0 0 0 0
379 6 4 65 1 2
Total 165 43 1071 47 188

Source: Ministry of State for Science and Technology, Directory of Scientific and
Technological Capabilities in Canadian Industry, 1977; and Patent Office Records,
1972-77.

The measure is, unfortunately, a highly imperfect one, to be used
with considerable caution. Not all innovations, for instance, are el-
igible for patent protection and in some industries there is a much
lower propensity to patent than in others. For example, many elec-
tronics firms have avoided or stopped patenting many of their in-
ventions, to maintain secrecy and help retain their competitive
edge.’® In other instances, a firm may seek to protect itself by sur-
rounding a single invention with a number of defensive patents,
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hence the patent data may overstate the number of inventions. More-
over, the patented invention may not necessarily become a commer-
cially successful technological innovation.

The threshold firms between them received 188 new patents in
1972-77 (Table II1.6). The “other machinery” industry was by far the
leading source of patents, followed by “household radio and TV,” and
“auto parts.”?” Interestingly, then, the distribution of these patents
by industry is not significantly correlated with the industry distri-
bution of R&D. The patent measure identifies a different set of sec-
tors as innovative. Although there are discrepancies between the
time periods of the two data sets, and we might expect current pat-
enting activity to be a function of past R&D activity, nevertheless,
the juxtaposition of these two surrogate measures seems to indicate
that R&D input does not necessarily lead to successful innovative
output, at least in the form of patents. Nor, perhaps, is R&D neces-
sary to achieve patents. In fact, among the 47 threshold firms that
obtained new patents, there were 29 firms (62 per cent) that between
them had 101 new patents, yet reportedly were without R&D. The
remaining 18 that did have R&D obtained 87 new patents.

In order to provide further insight into the type of technological
innovativeness and the particular niches created by threshold firms,
the next chapters consider in more depth both the nature of R&D
and its role in the competitive strategy of some R&D performers, and
the situation of the machinery firms, which constitute the main
subgroup of threshold firms.
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IV. Defensive Technology
Strategies and
Incremental
Innovation

Canadian R&D and Innovation

Future core companies may well emerge from Canada’s group of
R&D-performing threshold firms, but there is no simple way to iden-
tify the sectors or firms most likely to continue to be innovative and
successful. Nevertheless, we can describe the recent track record of
many of the firms, the nature of their technology strategies and the
role of government programs in supporting or stimulating their R&D
and technological innovativeness. We look, first, at the relatively
few Canadian studies concerning firm size, ownership or control, and
innovative activity. The studies have largely focused on aspects of
R&D, such as the determinants of R&D expenditures, rather than
the broad concept of technological innovation. They indicate, among
other points, the following:

1. Although there is evidence from other countries suggesting
that, among firms engaged in R&D, the R&D effort tends to be high-
est relative to size in middle-sized firms, in Canada the small R&D-
performing firms devote a larger proportion of their sales to R&D
activities than other firms, and medium-sized R&D-performing
firms (sales $10-50 million) have a higher R&D intensity than their
larger counterparts, a situation partly reflective of conditions of ex-
tensive foreign ownership.!

2. R&D-intensity levels are generally greater in the Canadian-
controlled segments of industries than in the foreign-controlled seg-
ments, with the differences between the two intensities likely to be
greater, the greater the R&D intensity of industry.2

3. Government incentive grants in particular, and current sales
and cash flow are the principal determinants of R&D expenditures.3
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4. Government-subsidized R&D increases the total amount of
R&D spending, rather than causing company-funded R&D to fall
proportionally.*

5. The probability of receiving a government subsidy for R&D
is determined principally by the industry in which a firm is oper-
ating and, to a lesser extent, by the size of the firm, its ownership,
and its location.’

6. Larger firms in some industries seem to be able to make bet-
ter use of a given R&D budget than smaller firms, but innovative
activity does not seem to rise more than proportionally with firm
size.®

7. There is a link between government subsidies for R&D and
patenting activity, with the larger a firm’s reported R&D expendi-
tures, the greater the number of patents subsequently obtained.”

8. A company’s own commitment of funds to R&D increases
with size as measured by sales and employment, though in electrical
and some chemical products the R&D increases more than propor-
tionally with size after a very high sales threshold is reached.?

9. Based on an analysis of 283 major innovations in five indus-
tries, Canadian-controlled SMEs tend to come up with product rather
than process innovations, to finance their innovations from a large
number of external sources, to develop innovations designed to fill
market niches, and to rely heavily upon customers as sources of ideas
for their product innovations and upon suppliers for their process
innovations. For medium-sized firms the government tends to play
a less important role in funding innovations than it does for small
and large firms.’

Survey of R&D-Performing Firms

The widespread tendency to equate R&D with innovation and in-
novation with competitive advantage leads to the expectation that
core companies are most likely to emerge from the one-quarter of
threshold firms performing R&D. For this group of firms, we argue,
inhouse technological capacity is critical to their development and
combines with capital limitations and uncertainty about the poten-
tial success of their R&D efforts to dominate their management and
innovation strategies. To attain some understanding of company
strategies we report on selected elements of the firms’ recent or cur-
rent environment, behaviour, and performance. We gathered the
data by a survey of R&D-performing firms.

These threshold firms are based in the electrical products, trans-
port equipment and chemicals sectors. We indicate the employment
growth and competitive environment of the firms; their R&D scale,
trends and focus; their R&D contact system; the role and use of gov-
ernment support for R&D; and some features of the success of their
R&D. :
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Outside the machinery group there were, as previously indi-
cated, 28 firms categorized as both threshold firms in 1976 and per-
forming R&D in 1977 (see Table II1.6). This survey is based on in-
terviews with 24 of those firms. Excluded from the survey are the
three largest R&D performers, whose scale of R&D was substantially
greater than the firms surveyed, and one smaller firm, whose CEO
was new and not suitably informed to respond to several of the sur-
vey questions. The survey data were collected by telephone or face-
to-face interviews with the CEO or occasionally another senior ex-
ecutive of each firm. The interviews were based on an interview
guide (Appendix A) designed to focus the questions in the main areas
for all firms; multiple-choice answers were provided for several ques-
tions. The interviews sought to foster discussion to permit more pre-
cise understanding of the questions by the firms and more accurate
interpretation of their responses.

Growth, Profitability and Competitive Environment

The 24 threshold firms surveyed employed nearly 5000 people in
Canada in 1980. Several also had significant employment in plants
and offices abroad. Nine firms employed less than 200 people each
in Canada, eight from 200 to 400, whereas seven had over 400 em-
ployees. Performing R&D provides no assurance of capability for
growth or survival, but many of these firms did grow impressively
during the difficult years from 1975 to 1980. Only four firms actually
declined in employment, including one that dropped to 95 employees,
below the threshold status, and another whose employment reduc-
tion was weighted by the sale of one of its small subsidiaries. Five
firms made relatively marginal changes in their total employment,
growing at a rate of 1to 35 per cent over the five years. Six firms
grew 36 to 70 per cent, and another five 71 to 115 per cent. The final
four surged ahead by more than 116 per cent. In a few cases growth
was bolstered by acquisitions, but for most their growth was through
internal expansion. Each of the survey firms was still Canadian-
owned in 1980 despite the fact that several of the privately-owned
ones had received overtures for foreign and domestic takeover. They
reported they were not interested. One CEO, whose firm had quad-
rupled in size since 1973, indicated he received offers about once a
week for a foreign takeover. Among the public firms, one that had
only one shareholder with a significant stake kept a wary eye on the
market and expressed concern over the potential for a takeover, for-
eign or otherwise. One firm was state-owned, with a federal and pro-
vincial stake in its ownership.

The firms achieving very rapid growth did not necessarily attain
high profitability. The CEOs were asked to rate their firms’ recent
profit performance (1977-79) in relation to both the Canadian man-
ufacturing average and that of their main competitors in Canada
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TableIV.1 - Employment Growth and Profitability of 24 Threshold Firms

Profitability in
Relation to Canadian Profitability in Relation

Employment Manufacturing to Main Domestic

Growth, Average, 1977-79 Competitors, 1977-79

1975-80 (by

percentage) Below Average Above Below Average Above Unknown
Negative 2 1 1 1 1 1 1

0-35 0 3 2 0 2 3 0
36-70 0 2 4 0 0 6 0
71-115 0 3 2 0 1 2 2

116+ 0 3 1 0 3 1 0

Source: 1980 survey.

(Table IV.1). Discussion concerning the best measure of profit for
these types of firm proved inconclusive; CEOs of private firms rarely
will provide such measures. Hence the rating used here is a subjec-
tive one, albeit reasonably accurate in that only three categories are
used. The rating is based on the CEO’s personal interpretation of
which is the most appropriate measure or combination of measures
of profit. Only two of the CEOs considered their profit performance
in recent years below the national average for manufacturing.
Twelve (50 per cent) rated their level as average and 10 (42 per cent)
above average. Among CEOs of the nine fastest growing firms only
three assessed their profit performance to be above average, whereas
CEOs of four of the six firms with an intermediate growth rate (36-
70 per cent) rated their level as above average. The two firms with
below average profit performance were among the four firms whose
employment level declined.

When compared with their competitors in Canada, only one of
the CEOs rated his company’s profitability as below average. Three
CEOs indicated they were unable to compare their profitability with
their competitors in Canada as their main domestic competitors were
either large firms whose profit levels covered a wide range of items
or smaller private firms who did not report their profits. Among the
remaining 20 CEOs, 7 considered their profitability to be similar to
their competitors, whereas 13 (54 per cent) reported above average
profitability. Notably, all six CEOs in firms with intermediate growth
rates considered their profits to be above those of their domestic com-
petitors.

How intense is the competition in the niches occupied by these
threshold firms and is this related to their profitability and employ-
ment growth? The CEOs were asked to rate the strength of the com-
petition confronting them, using a scale ranging from 1 (very in-
tense) to 7 (insignificant). The majority of the cEOs (54 per cent)
rated their competitive environment in categories 1 or 2. Only two
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Table IV.2 - Profitability, Growth and Intensity of Competition of
24 Threshold Firms

Strength of Competition, 1980

Very intense Insignificant Varied
1 2 3 4 5 6 7

Profitability

relative to below 1 1 0 0 0 0 0 0
Canadian manu- average 4 2 1 1 0 0 1 3
facturing, 1977-79 above 4 1 0 0 0 1 0 4
Employment negative 3 1 0 0 0 0 0 0
growth, 0-35 2 2 0 0 0 0 0 1
1975-80 (by 36-70 1 0 0 0 0 1 0 4
percentage) 71-115 2 0 1 0 0 0 1 1

116+ 1 1 0 1 0 0 0 1

Source: 1980 survey.

CEOs (8 per cent) viewed their competition to be relatively insignif-
icant. However, seven CEOs (29 per cent), each managing several
product lines, noted the extent of competition varied widely across
their product range, some lines having a virtual monopoly, others
facing strong competition. There was no simple relationship between
the reported degree of competition and level of profits (Table IV.2).
Among the 10 CEOs reporting above average profitability, five con-
fronted intense competition and four were in the “varied” category.
Similarly, a lack of strong competition did not necessarily signify
high rates of employment growth, and CEOs in four of the nine fastest
growing firms assessed their competition as intense.

The pertinent role of the firms’ technology strategies is sug-
gested by the fact that with few exceptions, the CEOs of the surveyed
threshold firms perceived they had attained their competitive edge
most importantly through inhouse technological developments.
Fourteen CEOs (58 per cent) rated such inhouse developments as the
single most important factor. One CEO gave equal weight to inhouse
technological developments, licenses purchased from other firms and
lower prices. The CEOs gave a singular lack of emphasis to the direct
role of price competition. Only one CEO, with a firm in the chemical
sector, perceived his competitive edge was obtained most impor-
tantly through lower prices. The remaining eight CEOs (33 per cent)
gave equal weight to inhouse technological developments and the
development of production and/or marketing and service capabili-
ties.

R&D Importance, Scale and Focus

Inhouse technological developments may be achieved, of course,
without R&D. To ascertain the role of R&D, the CEOs were asked to
indicate, on a scale of 1 (critical) to 5 (unimportant), how significant
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they considered their R&D efforts to have been in the survival and
success of their firm in the past decade. Two-thirds of them rated
such efforts to be critical, and less than one-tenth suggested they
were relatively unimportant. R&D was defined, as in Statistics
Canada surveys of industrial R&D, to be investigative work carried
out (1) to acquire new scientific and technological knowledge, (2) to
devise and develop new products or processes, or (3) to apply newly
acquired knowledge in making technically significant improve-
ments to existing products or processes.

Most of the 24 threshold firms maintain only a small R&D effort,
without formal organization. To discern the changing scale of their
effort, the CEOs were asked to indicate, to the nearest half person-
year, how many scientists, engineers and technicians they employed
for inhouse R&D in 1975 and 1980. Several emphasized the difficulty
of responding accurately because various people do several jobs in
addition to R&D, particularly engineers in the small threshold firms.
Most firms sustained at least a small R&D team. In 1975, nine firms
had less than three person-years in R&D, 11 between four and nine
person-years, and only four over 10 person-years. The trend, how-
ever, was towards significantly increased R&D effort. Only one firm
cut back on its R&D person-years between 1975 and 1980, six main-
tained the same effort, two increased it up to 20 per cent, five be-
tween 20 and 49 per cent, and 10 over 100 per cent. Indeed, nine of
the latter 10 firms more than doubled their R&D person-years (and
six of those nine also reported above average profitability).

The focus of R&D by these 24 threshold firms was predomi-
nantly on the development component, leading to the design, con-
struction and testing of prototypes or models. Seventeen CEOs
(71 per cent) indicated 100 per cent of their R&D was devoted to
the development component. Most of the remaining firms allocated
5-25 per cent of R&D person-years to research, all of which was
applied research rather than basic, as we might expect. The focus of
the development work was quite varied. About 17 per cent of the
firms devoted the whole of their development effort to the improve-
ment or adaptation of existing products. Another 17 per cent of the
firms spent 25-50 per cent of such effort on developing new products;
21 per cent spent 51-75 per cent on new products; and another 17 per
cent spent 76-100 per cent on new products. However, several CEOs
emphasized the difficulty of meaningfully defining “new” products
and indicated also that their allocation of development effort be-
tween new products and the improvement or adaptation of existing
products tended to fluctuate quite widely. Among those undertaking
the development of new products, one-quarter emphasized the new
products on which they were working were not essentially imitative
(“me-t00”) products. Seventeen per cent specifically noted that their
new product R&D comprised largely custom design work. Thus most
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of the firms surveyed seem to be taking a defensive approach to R&D.
Much of their emphasis is on incremental improvements, often mi-
nor adaptations.

The infrequency of an offensive approach is not surprising.
Thus, as Hogan and Chirichiello'® argue, in their review of R&D by
American small firms, which they defined to be firms employing less
than 1000 people:

“In addition to capital limitations, a second major problem fac-

ing the small firm is the one of uncertainty of success in its R&D

effort. A small company with only limited available capital can-

not afford to finance very many unsuccessful projects. They do
not have the financial capacity to sustain long-term losses in
their R&D efforts. To do so could force the company out of busi-
ness. Therefore, most small manufacturing companies must, of
necessity, forego long-range R&D work that does not have a high
probability of success and concentrate their R&D efforts against
short-term work with a low risk factor. Since the small firm gen-
erally does not have the resources necessary to conduct exten-
sive systematic marketing studies and to forecast marketing
demands, they will generally concentrate their R&D efforts in
areas in which they have already gained a marketing expertise.”

Confronted typically with limited working capital, and given
that R&D is a current expense, SMES generally must attempt to keep
R&D payback time to a minimum. Thus their focus tends to be on
urgent projects in areas closely related to their current market and
technological expertise.

These points suitably characterize the behaviour of the thresh-
old firms in the survey. Among the 15 CEOs who discussed the points
in some detail, 78 per cent noted that 90 per cent or more of their
R&D person-years are allotted to urgent or high priority projects.
Over 85 per cent of these CEOs also mentioned that virtually 100 per
cent of their R&D effort focuses on areas in which they have existing
market expertise. Similarly, nearly all judged that 80 per cent or
more of their R&D efforts focus on areas of technology with which
they are familiar. With regard to the risks of not succeeding in their
projects, six out of 15 CEOs (40 per cent) assessed 90 per cent or more
of their projects to be operating at low risk. As one commented, such
projects are ones for which you are reasonably assured of success,
even if the process is likely to be painful. Several argued the risks
for their firms were less in terms of finding a clearly identified
market than in choosing which technology would be most appropri-
ate. There were, however, a few survey firms attempting more risky
projects. Three CEOs (20 per cent) rated as much as one-half of their
R&D projects to be medium or higher risk. Of course, successful com-
mercial development, particularly of new projects, depends on strong
performance in all areas of the firm, and perception of the risks of
not succeeding in R&D projects must be seen in this context.
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Table IV.3 - R&D Contact System of 24 Threshold Firms, by Type and Firm

Scale
Total Employment R&D Person-Years

Environmental 100- 200-
Contact 199 399 400 + 1-3 4-9 10+
Little or none 3 1 0 1 3 0
Spontaneous but

temporary 5 4 2 5 4 2
Systematic and

organized 1 3 5 1 3 5

Source: 1980 survey.

R&D Contact System, Funding and Government Support

In the development of new products and processes or the improve-
ment of existing ones, a major determinant of success is the extent
of cooperation in R&D among firms and between firms and agen-
cies.!! Such contacts are particularly significant for threshold firms
as a source of ideas and development assistance; they reduce other-
wise excessive reliance on limited internal R&D competence. Thus
the CEOs of the 24 threshold firms were asked to indicate what sort
of cooperation existed between their inhouse R&D and that of other
firms or agencies: whether there was (1)little or none,
(2) spontaneous but temporary cooperation, or (3) systematic orga-
nized cooperation. The responses indicate most firms make some ef-
fort to cooperate. Only four CEOs (17 per cent) responded they had
little or no cooperation. Eleven (46 per cent) reported their cooper-
ation was spontaneous but temporary, generally depending on the
requirements of particular projects. The remaining nine (38 per cent)
maintained systematic and organized cooperation. The general tend-
ency was that the larger the firm and the more person-years alloted
to R&D, the greater the likelihood of maintaining systematic and
organized cooperation (Table IV.3).

The cEOs identified the extent to which they maintained, in the
two previous years, R&D contacts with provincial government re-
search establishments (such as CRIQ in Québec), universities, the
National Research Council (NRC), other federal establishments (such
as the Department of Communications) and contracting engineers
or consultants. The main R&D contacts of these threshold firms, out-
side those with their immediate suppliers or purchasers, are with
contracting engineers or consultants (42 per cent of firms) and with
universities (33 per cent) (Table IV.4). Although two CEOs noted
their university contacts involved searches for practical applications
of academic research, the dominant university contact is with
Waterloo University through its student co-op program. Some CEOs
reported satisfaction with this linkage, others were less keen about
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Table IV.4 - R&D Contacts of 24 Threshold Firms, by Institution and Type

Contact Type

(by no. of firms)

Spontaneous but Systematic and
Institution temporary organized

Provincial government

establishments 2 3
Universities 3 5
National Research Council 1 2
Other federal government

establishments 2 2
Contracting engineers
and consultants 5 5

Source: 1980 survey.

the results to date. Surprising, perhaps, is the small use of the federal
and provincial establishments. Although only three CEOs (13 per
cent) noted they had R&D contacts with the NRC, several expressed
a desire to find ways to make better use of this federal agency.
Among those maintaining contact with provincial research estab-
lishments (25 per cent), there are also mixed reactions. Several were
very pleased with their results, whereas one CEO simply dismissed
his experience as a disaster.

The tendency noted by Hogan and Chirichiello'? for sMEs with
small R&D operations to contract out some of their specialized R&D
work was not apparent among these threshold firms. Two-thirds of
the firms do no contracting out of their R&D and only 17 per cent of
the firms contract out more than 15 per cent of their R&D effort.
Some CEOs commented on the difficulty of finding suitable contrac-
tors for specialized work in Canada. Some kept the work inhouse for
fear of leaking out ideas.

The 24 threshold firms are relatively R&D-intensive in that
about 80 per cent of them have a level of R&D spending that is 1 per
cent or more of their total sales. Indeed, over a third of them have
a level of 3 per cent or more. Government support appears to have
provided only small stimulus to this level of R&D effort. Funding for
R&D has come almost entirely from company sources. More than
80 per cent of the firms funded 1980 R&D from retained earnings;
others supplemented this with grants from the federal government.
Another source of government support for R&D is through tax in-
centives. In several recent budgets the federal government has in-
troduced tax incentives for increased R&D. Although these tax in-
centive initiatives may help boost retained earnings and indirectly
therefore support R&D, in practice they have not been very helpful.
Even though just over 40 per cent of the CEOs indicated the tax in-
centive measures for R&D in the federal budgets of 1977-80 had been
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helpful, several mentioned that the impact was very marginal. More-
over, despite the fact that nearly all the threshold firms in the survey
were making a profit, several had not made use of the tax incentives.
Firms found the R&D tax incentives very complex to compute, and
virtually impossible to forecast accurately. Some firms, particularly
those with small R&D efforts and without a formal R&D budget,
noted their difficulty in specifying which costs were eligible for re-
mission of taxes.

R&D grants have been more fruitful. Their impact has been
greater than is apparent from the simple measure of contribution
towards R&D funding. Whereas few of the 24 threshold firms in 1980
had any type of federal grant in support of their R&D, several had
at one time or another during the previous decade obtained such a
grant. And although one-quarter of the firms had not received any
R&D grants, another quarter had obtained two or more. Four types
of grants available to support R&D during the 1970s were used by
the survey firms: IRAP, PAIT, IRDIA and EDP grants.

IraP (the Industrial Research Assistance Program), adminis-
tered by the NRC, was initiated in 1962 to provide financial assis-
tance for the establishment of new industrial research teams or the
expansion of existing ones. NRC pays the salaries of the company
research staff working on approved research projects, with the com-
pany paying for all other R&D equipment and overhead costs. In
recent years about 65 per cent of IRAP funds have been allocated to
SMEs (less than 1000 employees).

PAIT (the Program for Advancement of Industrial Technology),
administered by the Department of Industry, Trade and Commerce,
was in operation from 1965 to 1977. When initiated it was intended
to be a loan program with emphasis on product development. How-
ever, by 1970 it had not generated sufficient interest and the repay-
ment provisions were dropped. The program was changed to a
shared-cost grant, oriented to the development or improvement of a
product or process. Analysis of the program indicates that medium-
sized firms, with sales of $10 million to $50 million, had the greatest
chance of successfully undertaking a PAIT project.!3

IrDIA (Industrial Research and Development Incentives Act),
introduced in 1967, was a more ambitious attempt to influence R&D.
It offered a nontaxable cash grant of 25 per cent of the capital costs
for R&D and 25 per cent of the increase in current R&D expenditures
in Canada over the average of such expenditures in the preceding
five years.

The final program, EDP (Enterprise Development Program) ad-
ministered by the Department of Industry, Trade and Commerce,
was introduced in 1977 and designed to consolidate seven of that
department’s industry-related assistance programs, including PAIT
and IRDIA.!* EDP gives preference to promising SMEs and its philos-
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ophy is to operate at the margin, to supplement rather than to com-
pete with or supplant private-sector resources. Its criteria provide
for a last-resort test for loan insurance and a means test, called the
“significant burden” criterion, for contributions. This latter criterion
has reputedly successfully redirected innovation funds to SMEs un-
dertaking relatively major development projects.® Of the four pro-
grams, EDP is the most oriented to the whole innovation process,
rather than just the earliest R&D stages.

Among the firms surveyed, 3 (13 per cent) had received an IRAP
grant, 10 (41 per cent) a PAIT grant, 6 (25 per cent) an IRDIA grant,
and another 6 (25 per cent) an EDP grant. Although there were oc-
casional dissident notes, especially concerning EDP which several
CEOs considered thoroughly clumsy and complicated, generally there
was consensus among the CEOs of the recipient firms concerning the
effectiveness of the grants. Comments such as “it put us on the map”
or “was crucial in the firm’s development” were common. Many CEOs
were not enamoured with the paperwork required, particularly for
the EDP grants. Focusing on EDP, they generally agreed with the need
to provide detailed information to protect the public interest and
avoid excessive government grants but several felt the program
should be prepared to support more high-risk projects, especially
with firms having a reasonable track record. Of those few applying,
none had been turned down for an EDP grant on account of the “sig-
nificant burden” criterion, but some had been refused for other rea-
sons. However, a number of CEOs stated they had not attempted to
obtain an EDP grant for a new product on the grounds the approval
cycle was too slow for the program to be of assistance, or they felt
that the hassle simply wasn’t worth it. Some CEOs with small thresh-
old firms simply confessed their ignorance concerning what pro-
grams were available.

R&D Success

The combination of the critical role assigned to R&D efforts in the
survival of the survey firms plus their average or above average prof-
itability provides a general measure of the success of their R&D. To
further evaluate R&D success, we requested information on three
additional measures:

1. the number of new products (from both a technical and
marketing point of view) that their R&D contributed during the
1970s;

2. the percentage of total sales in 1979 that those new products
accounted for; and

3. the number of those new products for which they had ob-
tained patent protection.

Taken at face value the responses suggest there was a great deal
of technological innovativeness and renewal of product ranges by the
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survey firms. Only one CEO indicated his firm’s R&D contributed no
new products. Four (17 per cent) reported from one to three new prod-
ucts; six (25 per cent) reported from four to six new products; and
five (21 per cent) reported seven or more new products. The remain-
ing eight CEOs (33 per cent) noted they had many new products, some
reporting between 30 and 40, but many of them were actually pro-
duced as single items or perhaps in small batches. Insofar as one new
product produced in volume may have greater overall impact than
a large number of custom-manufactured new products, little empha-
sis should be given to this simple quantitative measure alone. More-
over, several CEOs indicated they were not comfortable with defini-
tions of new products, finding it difficult in particular to decide
whether a substantially improved model with a slightly different
market was really new or not. Conceptual difficulties abound in this
area.

The estimated contribution of the new products of the 1970s to
total sales in 1979 varied widely. This measure revealed that many
of the survey firms depended heavily on what they identified as their
new items. Out of the 22 CEOs providing information, eight (36 per
cent), not all of whose firms were basically custom designers or fab-
ricators, revealed that over half their total sales came from such new
items (Table IV.5). Those with greatest dependence on the new prod-

Table IV.5 - New Products and Profitability of 22 Threshold Firms

Profitability Relative to Canadian
Manufacturing, 1977-79

Sales of Products New

in the 1970s as a % of Below Above
Total 1979 Sales average Average average
0-10 0 3 4
11-25 1 2 2
26-50 0 1 5
51-75 1 1 2
76+ 0 4 0

Source: 1980 survey.

ucts were not necessarily the most profitable, however. Indeed the
majority of the survey firms that reported above average profitabil-
ity compared to all Canadian manufacturing were at an intermedi-
ate level in their dependence on those new products, in the range of
26-50 per cent. Neither were those with the greatest dependence on
the new products the fastest growing in employment during 1975-80
(Table IV.6).

Regarding the final measure, the CEOs generally considered pat-
ent protection to be a poor surrogate measure of technological in-
novativeness, for the type of reasons noted earlier. Several of the
firms did hold patents, but a frequent response, particularly in the
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Table IV.6 - New Products and Employment Growth of 22 Threshold Firms

Employment Growth, 1975-80

Sales of Products New (%)

in the 1970s as a % of

Total Salesin 1979 Negative  0-35 36-70 71-115 116+
0-10 0 1 0 1 1
11-25 1 9 0 2 0
26-50 1 1 0 2 0
51-75 1 1 > 5 !
76 + 1 0 0 1 9

Source: 1980 survey.

electrical products sector, was that technology was moving too fast
to warrant filing for patents. Besides, for many firms a major concern
was not to divulge their technology. Moreover, although some did
take out patents they wondered whether it made sense as it would
be extremely expensive to fight to protect their patents from in-
fringement, a concern which others noted had deterred them from
bothering to file. One CEO in a transport equipment firm mentioned
that he took out patents to protect himself because he worried some-
one might copy his product and subsequently turn around to sue his
firm. Thus the pertinence of this measure seems to vary from sector
to sector, indeed between particular lines within sectors, for some
cEOs referred to specific product lines in which they considered the
patent they held was important to their competitive ability and to
others in which their patent was really insignificant. As Hogan and
Chirichiello'® note, smaller firms do not consider patents as valuable
as do larger firms. Patenting is important, however, when the small
firm is interested in licensing its R&D results to other firms.
Whereas such an interest was not mentioned by the CEOs inter-
viewed here, it was pertinent to some of the case study firms dis-
cussed in Chapter VI

In view of prevailing conditions, most firms in this survey have
shown a remarkable propensity for adaptation and renewal. Inhouse
development of technology, considered critical to their continued
success in very competitive conditions, has received important sup-
port in many cases from government R&D grants. The R&D tax in-
centives have proved less helpful in supporting and stimulating
R&D spending, according to the CEOs. Most firms have boosted their
R&D input, much of which focuses on urgent, short-term work with
a low risk factor and high potential profitability. They have largely
defensive technology strategies and are seeking mainly incremental
improvements or development of imitative new products predomi-
nantly within their existing areas of marketing and technological
competence. One-third of the firms have maintained and developed
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their inhouse technology capabilities largely to serve unique custom
demands or small orders, and serve market niches which in some
cases are less prone to intense competition.
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V. Thrusters and Sleepers
Among the Threshold
Machinery Firms

A Bleak Environment

The largest group of threshold firms is in the machinery industry,
producing primarily resource-based and industrial machinery.
Among developed countries this industry, which is often broadly
termed “the mechanical engineering industry,” contains businesses
ranging from those whose competitive success is built largely on
their production skills and capability to produce long runs of stand-
ard mechanical components such as bearings, valves or springs, to
some that are little more than simple local assembly and service
operations. Others are highly specialized in complex machine assem-
bly and their competitive success lies less in scale of production than
in R&D and/or design capability. Each of these types of business has
its own innovative focus.

The machinery industry has been heavily buffeted during the
past decade by technical change, particularly by the race to incor-
porate new technologies such as microelectronics, ultrasonics and
lasers into machinery design. Internationally the industry typically
has a high skill-intensity of manufacturing and contains many SMEs,
sometimes operating in oligopolistic conditions, sometimes achiev-
ing virtual monopoly powers, usually of short duration, through the
development of new or improved products. Some firms are regionally
sheltered, specializing in servicing local needs; this work frequently
involves short lead times. Some SMEs have achieved success through
specialization in producing long runs of one or two products, and
others have found their niche in custom production, or as subcon-
tractors with production capabilities closely geared to the require-
ments and specifications of large firms.
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Price is not the major determinant of commercial success in the
nonelectrical machinery industries. Although large changes in ex-
change rates and relative prices in recent years have had some im-
pact on export volumes internationally, the competitive advantages
due to lower prices have not been large and have been felt slowly.!
Buyers are often prepared to pay premiums for machinery or com-
ponents that are more sophisticated or technologically advanced,
that have a better reputation for quality and reliability or where
speed of delivery is advantageous.? Buyers tend also to support firms
with a reputation for meeting delivery dates and providing speedy
and reliable spares service and good after-sales service.

In export competitiveness for engineering products generally,
and for mechanical engineering products in particular, technical
quality or sophistication appears to be a prime determinant. More-
over, during periods of rapidly changing technology there tends to
be continual pressure for technical improvements. Yet, as Rothwell3
notes, following his appraisal of British and West German exports
of 41 engineering products in 1975, “Technical change, in engineer-
ing goods at least, is not a sufficient condition for ensuring trading
success; it is, however, most certainly a necessary condition.” Al-
though the importance of technological innovation to the trading
success of a country may seem apparent, such innovation is difficult
to identify in the machinery and components industry. R&D is par-
ticularly deficient as a proxy measure of innovative effort for this
industry, as a substantial part of the innovative effort is in design
engineering, which is not incorporated within the usual definition
of R&D. One major attempt to relate innovative effort (using R&D
as a proxy) to changes in trade shares for 10 developed countries
indicated, among other points, a positive correlation for four R&D-
intensive industries (aircraft, chemicals, drugs and instruments) but
a poor correlation for mechanical machinery.*

Canada offers an unusually bleak environment for machinery
production. Comparing the industrial structures of the United States
and Western Europe with Canada reveals Canada is about 60 per
cent underrepresented in the machinery industries.’ Indeed the ma-
jor portion of Canada’s deficit in manufactured end products is ac-
counted for by machinery, in which import penetration rose from 67
to 70 per cent over the past decade. The machinery deficit reached
$6.1 billion in 1980. Despite a massive growth in domestic demand
for machinery in the past two years, domestic producers have man-
aged to compete successfully for a very small part of that growth,
and Canada now only produces about 30 per cent of the machinery
it buys. This situation, which represents an enormous and growing
drain on our foreign exchange account, will not be readily reversed
without a significant change in policy towards the industry. Yet at-
tempts to stimulate import substitution and export promotion may
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well be constrained by the size, structure and ownership features of
the domestic industry. The protection provided for the industry by
tariffs is generally very limited.

The prevailing viewpoint of Canadian governments has been
that to protect or encourage the machinery sector could prove coun-
terproductive to supporting the resource and other manufacturing
sectors. Prior to the Kennedy Round of GATT (General Agreement on
Trade and Tariffs) negotiations there was a 22.5 per cent duty on
machinery and equipment of a make or kind produced in Canada,
but only a 7.5 per cent duty on other kinds. In 1968, following the
Kennedy Round, the duty was lowered to a uniform 15 per cent rate,
but a Machinery Program (MACH) was also introduced allowing on
two main categories virtual duty-free importation of machinery and
equipment considered not available in Canada. MACH was intro-
duced as a new approach to industrial development based on indi-
vidual technical and commercial assessments of the capability of the
Canadian machinery industry to supply products to meet the needs
of domestic users. There is little or no tariff protection on a wide
range of resource machinery that is imported under “end use” tariff
items, as a special support for the resource industries, as well as
virtual duty-free entry on agricultural equipment. Canadian ma-
chinery producers have also only received mild protection from the
various types of nontariff barriers.® They have, however, received
some assistance through the MACH program, which the federal De-
partment of Industry, Trade and Commerce? argues has been an im-
portant industrial development tool. It has provided a continuing
interchange between the department and machinery manufacturers
regarding their capacity to meet users’ requirements; it has brought
their capabilities to the attention of potential customers; and it has
identified the demand for specific types of machines that might prof-
itably be manufactured domestically. The department claims, in this
regard, that:

“Many machinery manufacturers have been assisted through

the provisions of the program to either increase the range of

products manufactured in Canada, expand production facilities,
carry out rationalization arrangements, increase Canadian con-
tent and/or improve their international competitiveness

(through special remissions of duty for production components

not available in Canada on an economic basis).”

Although the machinery industry has had difficulty in captur-
ing a significant portion of its domestic market, its strength, deriving
partly from growing concentration on specialized types and sizes of
machines, has enabled it to boost its exports from $0.6 billion in 1969
to $3.4 billion in 1979. The latter represents about 35 per cent of
sales. Yet, despite the export surge, the machinery deficit has wors-
ened and fears have been expressed that there is little the govern-
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ment can do, given the prevailing ownership structure of the indus-
try, other than try to persuade foreign-owned subsidiaries to expand
in Canada. Robinson® has also recommended Canadian-made ma-
chinery and equipment should be allowed more rapid depreciation
than that imported. In view of the enormous potential market for
machinery for the major new resource projects expected during the
next decade, it has been suggested the federal government pursue
a strategy to encourage new product development by approaching
Canadian machinery and equipment producers and offering them
grants to develop product lines not currently produced in Canada.®
Provincial government officials in Alberta and Québec have recently
advocated coordination of their large provincial projects to assist the
emergence of a much stronger Canadian mining-equipment indus-
try, and the Ontario government has decided to establish a resource-
machinery centre in Sudbury. Mining purchasers have expressed
further interest in obtaining domestic supplies —~ for the practical
reason of security of supply.’® However, these initiatives confront,
among other things, a structural problem. The smaller machinery
firms are largely custom producers and lack the size or capability to
respond, and the larger firms are predominantly foreign-owned and,
with rare and notable exceptions, have limited product responsibil-
ities assigned to them and weak domestic R&D and design capabil-
ities. Moreover, the introduction a decade ago of the American DISC
program (Domestic International Sales Corporation) which cuts
manufacturers’ corporate taxes by 50 per cent on production ex-
ported from the United States, plus the further lowering of tariffs
following the Tokyo Round, has prompted some American subsidi-
aries to relocate production to the United States. The Canadian in-
dustry has sought, with little avail, to obtain better export assistance
and measures to counteract DISC.

Many of Canada’s machinery firms are oriented to serving the
special needs of one or two industries in a given region. Ondrack,
from his evaluation of 22 small and medium-sized industrial ma-
chinery firms in 1975, and subsequent follow-up analysis in 1980
of 19 of those firms (11 of them Canadian-owned), argues:

“Rarely can a firm hope to expand from one region of Canada to

another by staying within the market and technological knowl-

edge of its original market. Instead, it appears that many re-
gional firms prefer to seek out foreign markets before trying to
expand operations very much in other regions of Canada. . ..

This situation forces small firms to prematurely try to enter for-

eign markets when the firm lacks sufficient depth in capital and

personnel resources.”!?
Also, in his estimation, the foreign-owned firms are less sensitive to
Canada’s market conditions, often having the option, for instance,
to use slack facilities in Canada to produce inventory for other lo-
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cations, a form of “passive” exports that has arisen to take advantage
of the lower value of the Canadian dollar.
“Thus in order to compete, the Canadian-owned firms must take
more risks in establishing R&D operations and pursuing export
sales than foreign-owned competitors in Canada. By taking
these risks, the Canadian-owned firm has a far greater danger
of becoming overextended and thus must be much more sensi-
tive to variations in Canadian business conditions.”!?
Although Canada has about 2000 machinery firms, the 10 per
cent that employ more than 100 people account for nearly 70 per cent
of total employment and value of production. Most larger companies
are American-owned, and foreign-owned subsidiaries account for
close to 70 per cent of the value of assets in this industry. However,
nearly a quarter of the 200 or so larger machinery firms are thresh-
old firms, and it is to consideration of their circumstances and per-
formance we now turn.

Survey of Threshold Machinery Firms

There were 52 firms identified as threshold machinery firms in 1976.
They accounted for more than a quarter of the total number of
threshold firms. Thirty-nine of those firms (75 per cent) were sur-
veyed in 1980. The survey includes more than half of those that em-
ployed over 200 people in 1976. Three of those whose CEOs were in-
terviewed were subsequently excluded from the survey, one because
it became foreign-owned in 1979, another because its newly ap-
pointed CEO was in the process of trying to stave off a bankruptcy,
and the third because it had just gone into receivership and bank-
ruptcy. The second of these three firms was among those that had
been repatriated from foreign-ownership in the early 1970s. It had
had a large R&D and engineering team, now virtually disbanded,
had moved into a new computerized product area, became overex-
tended and ran into cash-flow problems on some large government
contracts. Among the remaining 36 firms in the survey, all were still
Canadian-owned at the time of the survey in 1980, but one was
awaiting approval, subsequently granted, from FIRA to be taken over
by a foreign-owned subsidiary firm. Its CEO claimed his company was
a world leader in some of its market segments. Even though he had
plants operating in several countries, he was finding that shifting
exchange rates were making the Canadian plant, which was already
exporting more than 75 per cent of its output, increasingly export
competitive. He was particularly frustrated at the loss of much busi-
ness — contracts approaching $20 million in recent years — through
inability to finance the expansion of his plant and the installation
of up-to-date machinery. The CEO was embittered by his experience
with Canadian banks, which he argued were nowhere near as gen-
erous as the banks in the US. His company had written off several
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million dollars on R&D and his application for a PAIT grant had been
turned down. The CEO had reviewed Canada’s system of R&D and
innovation grants and could not see how they could be used by a
medium-sized firm that required continuous improvements to its
products, did not have a large R&D team, and was not operating in
areas considered high technology. In this regard his experience re-
sembles that of another medium-sized mechanical equipment man-
ufacturer recently quoted in The Financial Post:'*

“All R&D is carried out under our own funding. With the present
government systems it is possible to obtain help if your company
is a small or large business. Government also favors high tech-
nology areas such as electronics. For a business with $14 million
sales and 300 employees (and not doing high technology) there
is little value in any government program.”

The survey data for the remaining 36 machinery threshold firms
were collected by telephone or face-to-face interviews in spring and
summer 1980. The interviewers used an interview guide (Appen-
dix B) similar to that used for the survey of R&D-performing firms.

Nearly all the survey firms (83 per cent) were not controlled by
another firm and were privately owned. One firm was a cooperative.
Among the remaining firms most were owned by holding companies
and reportedly operated in a highly autonomous manner. Many of
the CEOs indicated they received frequent offers for foreign takeover,
but, so far at least, were not interested. One CEO, who held
51 per cent of the shares in his firm, indicated that if he were to sell
he would rather have a large Canadian-owned firm to assist him and
provide overseas marketing clout. Another CEO, his firm publicly
owned, reported, “We’ve been worried about our backside, but can
pretty well control our stock, and at least we have FIRA to go to bat
for us.” Among the more profitable firms several CEOs agreed their
firms might appear ripe for takeover but argued not only were they
not for sale but they were in search of acquisitions themselves.

Employment, Profitability and Competitive Environment

The 36 machinery firms employed about 8300 people in Canada in
1975 and 10 200 in 1980, an increase of 23 per cent. Four of the firms
had yet to reach threshold status in 1975, employing less than 100
people each. Twenty firms had 100-199 employees in Canada, eight
had 200-399 employees and four had over 399 employees. The pace,
as indeed the direction, of employment change from 1975 to 1980
was far from even among the firms (Table V.1). Eleven firms (31 per
cent) grew by over 70 per cent; eight of them, nearly all smaller ones,
more than doubling their size. Nine firms (25 per cent) dropped in
size, a few by over 30 per cent, and another nine remained stable or
grew by less than 35 per cent over the five years. Thus in both the
R&D and machinery surveys, about one-third of the firms (37.5 and
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Table V.1 - Employment Size and Growth, 1975-80, 36 Threshold Machinery
Firms

Employment Growth, 1975-80 (by percentage)

Employees -

in 1975 Negative 0-35 36-70 71-115 116+ Total
less than 100 0 0 1 2 1 4
100-199 4 6 3 4 3 20
200-399 4 2 1 0 1 8
400+ 1 1 2 0 0 4
Total 9 9 7 6 5 36

Source: 1980 survey.

Table V.2 - Employment Growth and Profitability of 36 Threshold Machinery
Firms

Profitability in Relation  Profitability in Relation

Employment to Canadian Manu- to Main Domestic

Growth, facturing, 1977-79 Competitors, 1977-79

1975-80 (by -
percentage) Below Average Above Below Average Above Unknown
Negative 6 3 0 5 3 1 0
0-35 1 4 4 1 2 4 2
36-70 1 3 3 1 2 3 1
71-115 0 5 1 0 5 1 0
116+ 0 4 1 0 2 2 1
Total 8 19 9 7 14 11 4

Source: 1980 survey.

31 per cent, respectively) achieved an employment growth of more
than 70 per cent during the turbulent years 1975-80. A higher per-
centage of the machinery firms than R&D-performing firms declined
in employment (25 versus 17 per cent respectively).

The threshold machinery firms proved relatively profitable. In-
deed, 28 CEOs (78 per cent) viewed their profitability in 1977-79
to be average or better in relation to all Canadian manufacturing.
Asin the case of the R&D survey, the machinery firms that achieved
very rapid growth did not necessarily attain higher profitability
(Table V.2). Among the nine firms (25 per cent) whose CEOs consid-
ered their profitability to be above average (this compares with
46 per cent in the R&D survey), most made employment gains at a
slow or intermediate pace. However, the CEOs of the 11 fastest grow-
ing firms all claimed average or better profitability. The CEOs of six
of the nine firms whose employment levels had declined viewed their
profitability to be below the national average. In comparing their
profitability with that of their main domestic competitors, rather
than against the national average, the picture shifts only slightly,
with two additional CEOs claiming above average performance. Four
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CEOs felt unable to respond satisfactorily on this point. Table V.3
relates firm employment size in 1980 to the level of profitability with
regard to the national average for 1977-79. There is a higher pro-
pensity for above average profitability, the larger the machinery
threshold firm. Sixty-seven per cent of those employing over 400 peo-
ple in 1980 achieved above average profitability, according to their
CEOs, compared with 25 per cent of those employing 200-399, and 11
per cent of those employing less than 200.

The nature of the competitive environment confronting the
threshold machinery firms may be ascertained in part by identifying
their key sources of competition and the number of their main com-
petitors. Only one CEO, his firm a custom producer, highly specialized
and with nearly all of its output exported, claimed a virtual monop-
oly. Among the remaining 35 firms, 25 (71 per cent) of the CEOs iden-
tified imports as a key source of competition, though often in con-
junction with competition against domestic foreign subsidiaries (23
per cent) or Canadian-owned firms (14 per cent) or both (9 per cent)
(Table V.4). Nine CEOs (26 per cent) identified imports alone as their
key source of competition. The main source of import competition
was the United States, as mentioned by 24 CE0s (69 per cent). Eight
(23 per cent) referred to European competition, and three (9 per cent)
to Japanese. For 10 firms (29 per cent) their key competitors were
within Canada alone and only one was predominantly competing
against another Canadian-owned firm. Among the nine most suc-
cessful machinery threshold firms, defined here to be those claiming
above average profits and hereafter called the “thrusters,” only two
competed primarily with domestic foreign subsidiaries. Seven were
confronted by significant import competition. Just one of the thrus-
ters had another Canadian-owned firm as one of its key competitors.
The “sleepers,” those eight machinery threshold firms whose CEOs
claimed below average profitability, were more varied in their range
of competition.

Table V.3 - Employment Size and Profitability of 36 Threshold Machinery
Firms

Profitability in Relation
to Canadian Manufacturing,

1977-79

Employees -

in 1980 Below Average Above Total
Less than 100 1 0 0 1
100-199 4 11 2 17
200-399 2 7 3 12
400+ 1 1 4 6
Total 8 19 9 36

Source: 1980 survey.
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Table V.4 - Key Sources of Competition for 35 Threshold Machinery Firms

Source of Competition

Firm Type I* I+DFS+ I1+DCO4% I+DFS+DCO DFS DCO DFS+DCO
All 35 firms 9 8 5 3 6 1 3
Thrusters§ 2 4 1 0 2 2 -0
Sleepers** 2 1 1 2 2 0 0

*I = Imports.

+ DFS = Domestic foreign subsidiary.
+ DCO = Domestic Canadian-owned.
§ CEO claims above average profits.
** CEO claims below average profits.
Source: Survey 1980.




Table V.5 - Number of Firms Constituting Key Competition in Main Product
Lines of 34 Threshold Machinery Firms

Number of Key Competitors

Firm Type 1-2 3-5 6-10 11+
All 34 firms 11 6 5 12
Thrusters 5 0 1 3
Sleepers 1 2 2 2

Source: Survey 1980.

Several firms compete in markets marked by a high degree of
economic concentration. Among the 34 firms whose CEO reported the
number of the firm’s main competitors, 11 (32 per cent) considered
that only one or two firms constituted their key competition in their
main product lines, and five of the 11 were thrusters (Table V.5). By
contrast, among the 12 firms in the least economically concentrated
markets, just three were thrusters. The number of key competitors
may not necessarily be indicative, however, of the intensity of the
competition, at least as perceived by those confronting it. In practice,
just under one-half of the CEOs viewed their competitive environ-
ment to be very intense, but there was a greater propensity for sleep-
ers to assess their competitive environment to be very intense than
for thrusters to do so (Table V.6).

Twenty-five (69 per cent) of the CEOs perceived that their firm’s
competitive edge arose from product performance (innovative tech-
nology), ranking this factor as the single most important or first
equal, usually equal with distribution and service to their customers
(Table V.7). Eleven CEOs (31 per cent) emphasized the role of timing
and service, and their capacity for flexibility, as significant in main-
taining their competitive edge. By contrast, only two CEOs viewed
their firm’s edge to lie most importantly in price competition alone,
and five others ranked such competition equal first with other fac-
tors. Relatively less emphasis was given also to marketing, which
was ranked first or first equal by only one-fifth of the CEOs, none of
them, notably, being among the sleepers. The thrusters predomi-
nantly emphasized the crucial role of innovative technology in their

Table V.6 - Intensity of Competition of 36 Threshold Machinery Firms

Competition Intensity

Firm type Very Intense  Intermediate Insignificant Varied
All 16 15 1 4
Thrusters 3 5 0 1
Sleepers 5 2 0 1

Source: Survey 1980.
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Table V.7 - Basis of Competitive Edge for 36 Threshold Machinery Firms

All Firms Thrusters Sleepers*
1of2 lof2 lof2
Most most Most most Most most
imp. imp. imp. imp. imp. imp.
Factor factor factors factor factors factor factors
Product
performance 12 13 4 4 2 4
Marketing
skills 1 6 0 3 2 0
Price 2 5 0 1 1 1
Production
capability 0 4 0 2 0 0
Distribution
and service 1 10 0 2 0 3

* The CEO of one sleeper bewailed his firm’s current lack of any competitive edge.
Source: Survey 1980.

competitive edge, but not to the exclusion of other factors. This focus,
and the lack of emphasis on price, is not too surprising for firms in
this sector. As the chairman of a large machine tool firm notes:!5
“When you spread the cost of the machine the price doesn’t really
matter. The technical side of the machine and its ability to do the
job are more important than price.”

Technology Strategies
Although innovative technology was given less emphasis by the
threshold machinery firms surveyed than by the R&D performers,
nevertheless it was a prominent feature of their competitive edge.
Did the firms obtain that innovative technology by licence, inhouse
development, or some other means? The means by which it is ob-
tained is of considerable consequence, as Bourgault and Crookell¢
have so astutely argued. Continual product renewal is imperative to
sustain a modern manufacturing firm; this requires a design and
engineering capability to produce engineering drawings, product
and equipment specifications, materials and parts specifications,
production procedures and quality control procedures. Bourgault
and Crookell suggest that between the completion of R&D and the
finalization of the design of the new product, the product must be
tuned to market needs and engineered to be suitably cost competi-
tive. Once it is in production it requires continuous updating, to take
advantage of new materials, techniques and production machines.
However,
“the capability for autonomy in technology is not necessarily
absent if a firm does not engage in R&D. The absence of the
R&D function can be compensated to a large degree through the
purchase of licences and know-how. A far more serious defi-
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ciency in a firm is the lack of design and engineering capability.

Without this function, or access to it from a parent or affiliate,

a manufacturing company cannot survive except in the most

static types of industry.””

Indeed, without such a function it becomes technologically depend-
~ent and is most unlikely to be able to compete against its own tech-
nology source.

Consider the state of R&D and design and engineering capabil-
ities in the threshold machinery firms. In 1980 the total number of
scientists, engineers and technologists employed in R&D, as re-
ported by each CEO (according to the nearest half person-year for
each firm), was 197. That represented a 55 per cent increase over
the 127 so employed five years earlier, some indication of a growing
focus on increasing R&D capabilities. Nearly a third of those em-
ployed in R&D in 1980 were in the thrusters, which sustained a
167 per cent rate of increase in R&D employment between 1975 and
1980. By contrast the sleepers, which between them had employed
virtually the same number in R&D as the thrusters in 1975, in-
creased their total by 53 per cent. However, the bigger R&D per-
formers were not the fastest growing. Indeed, four of the nine firms
which grew most rapidly in employment in 1975-80 had no R&D in
1975 and three still had none five years later.

In 1980, only eight (22 per cent) of the machinery thresholds did
not undertake R&D. Thus most firms did maintain at least a small
R&D effort, with more than half employing four or more people in
R&D on a person-year basis and nine employing 10 or more
(Table V.8). Virtually all the R&D was development work. Only one

Table V.8 - R&D Employment by Threshold Machinery Firms, 1980

Person-Years Employed in R&D

0 1-3 4-9 10+
All 36 firms 8 9 10 9
Thrusters 1 2 4 2
Sleepers 1 3 3 1

Source: 1980 survey.

CEO, in a firm with one of the larger R&D efforts, indicated more
than 5 per cent of that effort was on applied research. The develop-
ment emphasis was relatively evenly split between that on new prod-
ucts as opposed to incremental adjustments to existing product lines,
although some CEOs indicated all their development was towards
new products and others focused entirely on incremental develop-
ments. Seven CEOs (19 per cent) indicated some of their R&D effort
was towards development of new rather than imitative products.

85



The machinery threshold firms are of a size that is most likely
to benefit from outside RD?E (research, development, design and en-
gineering) assistance. Indeed Rothwell'® argues the signs are that
few mechanical engineering companies can survive without the use
of external technical assistance to supplement inhouse resources.
For instance, competitive pressures for innovation in the farm im-
plements industry are forcing SMEs to look outside for specialist
skills in electronics, metallurgy, soil mechanics and agrochemistry.
It is not surprising, therefore, to find the threshold firms have a rel-
atively diverse RD?E contact system. Yet eight CEOs (22 per cent)
indicated they had made no use of RD?E facilities at provincial gov-
ernment establishments, universities, the NRC, other federal estab-
lishments or contracting engineers and consultants. The most fre-
quent contacts were with provincial government establishments and
the universities (44 per cent of the firms and 33 per cent respectively)
(Table V.9). Firms in the Prairies made relatively frequent use of

Table V.9 - Use of External R&D and Design and Engineering Facilities by
36 Threshold Machinery Firms, 1977-79

All 36
Firms  Thrusters Sleepers Largest* Smallest+
Provincial
government
establishments 16 3 4 4 3
Universities 12 3 3 3 2
National Research
Council 3 0 0 0 1
Other federal
establishments 1 1 0 1 0
Contracting
engineers and
consultants 9 1 2 2 6
None of above 8 2 0 3 1

* Ten largest firms, each employing 300 or more people in 1980.
+ Ten smallest firms, each employing less than 140 people in 1980.
Source: 1980 survey.

their provincial research councils, and several of the Ontario firms
had turned to the Ontario Research Foundation for assistance. Use
of the universities tended to be on an infrequent basis, as well as
being less common. One CEO was in the process of looking to see what
the universities had to offer. Another had had troubles communi-
cating. Most surprising, perhaps, was the limited use of the NRC by
only three firms (8 per cent). One CEO indicated he had tried without
much success, whereas another had had discussions with NRcC staff
but felt NRC was not able to perform the sort of research he needed.
Nine firms (25 per cent) made use of contracting engineers and con-
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sultants, whose services were in particular demand by the smallest
firms. Thrusters did not use external RD?E facilities more exten-
sively than sleepers, and the largest firms showed less dependence
than the smallest on such facilities.

Thirty-one (86 per cent) of the machinery threshold firms had
the full range of design and engineering functions, the capability to
produce engineering drawings, product and equipment specifica-
tions, materials and parts specifications, production procedures and
quality control procedures. One firm lacked capability in the last two
functions, and three firms lacked one of the last three functions. The
one firm which lacked all five design and engineering functions drew
upon design consultants. Its CEO indicated he had obtained an AP
grant (Industrial Design Assistance Program) “but the project
bombed.” Ninety-five per cent of his sales were products designed by
others. He assessed his profits as average in 1977-79, but feared they
were rapidly declining and he anticipated substantial layoffs.

Among the eight threshold machinery firms that undertook no
R&D, all but one maintained the full range of design and engineer-
ing functions. One was a thruster, designed all the products it sold
and exported a third of its production. The other seven had average
profits. They either manufactured under licence (up to 30 per cent
of their sales volume being accounted for by the licensed products),
or acted largely as distributors of other firms’ products, or, in the
case of two firms, made products to customers’ designs, such products
accounting for all the sales of one firm and 40 per cent of the other.
One, whose CEO candidly commented he copied his competitors’ prod-
ucts and did some redesigning, had no exports. Among the other six,
two did virtually no exporting, whereas four had exports accounting
for 20-50 per cent of their total sales. Evidently the lack of R&D
capability, although it may deter capacity to innovate and develop
products suitable for export competitiveness, may be countered in
part, in the machinery sector at least, by maintenance of the range
of design and engineering functions. However, CEOs of two of the four
firms achieving over 20 per cent exports emphasized price as the sin-
gle most important factor in their competitive edge, and the third
CEO gave marketing skills and the firm’s distribution network equal
weight. Only the fourth, the CEO of one of the most rapidly growing
threshold machinery firms, with 50 per cent of its total sales ac-
counted for by products of its own design, gave primary emphasis to
the firm’s innovative technology.

The threshold machinery firms tend to design most of the prod-
ucts they sell (Table V:10). Only seven (19 per cent) sold products of
other firms’ design that accounted for over 60 per cent of their total
sales. Products designed by the firm made up a larger proportion of
the sales of the thrusters and largest 10 firms than of the sleepers
and smallest 10 firms.
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Table V.10 - Sales of Products of their Own Design by 36 Threshold
Machinery Firms, 1980

% Total Sales Accounted for
by Products of their Own Design

Firm Type 0-19 20-39 40-59 60-74 75-89 90-100
All 36 firms 3 3 1 3 8 18
Thrusters ' 2 2 5
Sleepers 2 2 4
Largest 1 1 3 5
Smallest 2 1 3 4

Source: 1980 survey.

Production Method and Product Innovation

Firms generally compete according to their methods of production.
Those with custom and small batch production tend to compete on
the basis of their technical performance, whereas those geared to
long production runs are most frequently concerned with minimizing
costs. The nature and function of innovation differs between these
modes.?

Twenty of the threshold firms (56 per cent) were custom or job
shops, and small batch producers or some combination thereof
(Table V.11). Among those 20 only two were thrusters, and one of
these was among the largest firms. The smallest firms had a high
propensity to produce only in small batches, whereas the largest
machinery thresholds, and seven of the nine thrusters compared to
three of the eight sleepers, achieved much of their production in
large batches or by continuous or mass production methods. How-
ever, custom work did not necessarily lead to slow growth. Of the
eight firms wholly oriented to custom work, two were “speedsters,”
that is among the nine firms (25 per cent) that grew by more than
90 per cent in employment in 1975-80, whereas four were “laggards,”
that is among the nine firms whose employment levels declined.
However, the laggards did tend to have a high proportion of custom
work, whereas the speedsters were more likely to achieve large batch
production. Some CEOs noted their firms made their money on the
custom work and took on work with larger batches primarily as fill-
ers, whereas others made their money on the larger batches, com-
peting on a price basis with little, or even a “ruinous,” margin for
the custom work.

This focus on the firms’ production methods provides some in-
sight into the firms’ types of product innovation, in the form of new
product innovation in the 1970s both from a marketing and tech-
nical point of view. The CEOs of only five firms (14 per cent) indicated
they had no such new products, and three of the five were among the
smallest firms (Table V.12). One of the five was also a thruster. It
was lacking in R&D but had the full range of design and engineering

88



Table V.11 - Production Methods of 36 Threshold Machinery Firms

Type of Firm

Production All 36
Method Firms Thruster Sleeper Largest Smallest Speedster* Laggardt

Custom/job

shop

80-100% 8 0 3 2 1 2 4
Small batch

and

custom/

job 3 2 0 1 0 0 1
Small batch

80-100% 9 0 3 0 6 2 1
Small batch

and large

batch 10 3 2 3 2 4 2
Large batch

and/or

continuous

process

or mass

production 6 4 1 4 1 1 1

* Speedsters are the nine firms (25 per cent) with fastest growth (over 90 per cent) in
employment, 1975-80.

+ Laggards are the nine firms (25 per cent) whose employment declined, 1975-80.
Source: 1980 survey.

Table V.12 - New Product Innovation by 36 Threshold Machinery Firms

Type of Firm
No. of New
Products All 36
in 1970s Firms Thruster Sleeper Largest Smallest Speedster Laggard

0 5 1 0 0 3 0 1
1 9 4 1 4 2 1 0
2 1 4 1 0 1 0 1
3 4 2 2 3 0 4 2
4+ 17 2 5 3 4 5 6

Source: 1980 survey.

functions, provided parts for the agricultural machinery industry
and exported a third of its output. Its CEO emphasized, however, that
the firm’s competitive edge lay in price and production capability as
much as product performance. Nearly half the CEos claimed their
firms had introduced four or more new products in the 1970s. This
seemingly high level of innovation is predominantly related, how-
ever, to the production of new machinery or equipment on a custom
basis or in small batches, an approach rarely leading to better than
average profitability for the firm as a whole. Thus only two thrusters
produced four or more new products in the 1970s, whereas four thrus-
ters produced only one each. The threshold machinery firms that had
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achieved larger size and/or above average profitability were gener-
ally those with relatively few new products, but they were new prod-
ucts for which they had found markets enabling them to produce in
large batches, continuous processes or mass production. By contrast,
the sleepers and laggards, although apparently quite innovative on
the basis of introduction of new products did not achieve such high
profits and increases in employment. Moreover, the introduction of
many new products was characteristic not only of the speedsters,
accounting for the major portion of total sales in most of them and
revealing a high degree of product turnover, but also of the laggards,
whose innovative efforts had a stronger custom focus.

Not all the laggards had a custom focus, and the experience of
one that was particularly innovative warrants brief discussion. The
CEO of this firm, which devoted 12 person-years to R&D in 1980, was
a highly imaginative engineer and appeared more interested in in-
novation than simply making money. The firm had introduced,
through inhouse developments, 16 new products in the 1970s, vir-
tually all of them profitable, but some more marginally so than
others. The firm had grown rapidly until recently when it had to
make a substantial cutback in employment. The main basis for its
decline in employment, as explained by the research director and
paraphrased here, provides some insight into the difficulties for a
threshold firm in producing a new product, particularly an imitative
item, as a direct challenge to a large multinational. A significant
part of this threshold’s sales between 1967 and 1977 arose from its
distribution of a product for an American corporation we shall call
“C.” Cancellation of the distributorship in Canada by “C” had been
mooted at least as early as 1976 and this caused the CEO to consider
very seriously developing a rival product for the Canadian market
to preserve the $2-million business associated with the distributor-
ship. The CEO obtained outside research assistance to review the pat-
ents on the product of “C” and come up with a rival concept that
would not infringe on the American patents, and that could be pat-
ented by the threshold to protect its new line. This involved studying
some 15-20 patents with as many as 13-15 clauses in each patent.
The study after about five months led to several concepts calculated
not to infringe the patents held by “C.” Three months later the
threshold had ready a prototype whose performance was considered
acceptable. It proceeded to produce 50 preproduction units in late
1977 and early 1978. It sold most in Canada and some in the United
States. The product was such a success in the United States, a de-
cision was made to enter the United States market and plans were
made to build up to 350-500 production units per month. Many of
the components were subcontracted, but much fabrication and the
final assembly work were done inhouse, with units being produced
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at an average of 300 per month. Subsequently, it was decided to in-
crease the power output both to adjust for the Canadian climate and
in response to a similar move by “C.” Six prototypes were built and
tested, a new power unit evolved, and by February 1979 ten pre-
production units were sent for field evaluation. “C,” which held 85
per cent of the American market and was the threshold’s only sig-
nificant competitor for this product, had fixed its price sufficiently
low that the threshold was unable to obtain a margin of more than
about 12 per cent gross profit for the sale of its units in the United
States, where it had a limited set of distributors. The profitability
in Canada was considerably better, with a gross profit of 25-28 per
cent. Nevertheless, because of the high volume of production going
to the United States, about 300 per month, the CEO saw that without
the cost reduction activities, which had been planned but largely
side-tracked when development efforts went towards the new power
unit, a loss of sufficient magnitude would be incurred that it was
necessary to sell off the product. Another major American corpora-
tion, “D,” expressed interest in early 1979 and negotiations for the
product’s sale were completed in five months. To complete the ne-
gotiations the firm had to obtain permission from the federal De-
partment of Industry, Trade and Commerce to sell off the technology
for the product since it had been developed under an EDP grant. The
grant funding had to be paid back. In the meantime “D” committed
to produce the products in Canada and obtained approval from FIRA.
The firm had also managed to develop sales in Japan and Aus-
tralia. “C” reacted in both those export markets as well as the United
States with legal harassment reflected in lawsuits for alleged patent
infringement. In its arrangements with the threshold firm, “D”
agreed to pick up these costs of litigation. It was subsequently re-
solved that the patent on which “C” was hanging its case was not
valid because the technology had been disclosed prior to issue of the
patent. In consequence, according to the research director, an anti-
trust suit by the US government will be added to the antitrust
counter suit issued by the threshold, and it is expected the matter
will be settled much in favour of the threshold firm and “D.” Never-
theless, in the meantime the firm had dissipated part of its market-
ing organization, cut back on production lines and employees and
expected its sales to drop to about half the prior level of $12 million.
“D,” by contrast, a $3-billion corporation with a wide distribution
system in place, is expected within three years to move the new prod-
uct from the approximate 7 per cent share achieved in the US market
by the threshold firm in the first year, to nearer 50 per cent.
Evidently this apparent laggard has been very innovative, de-
veloping and producing a product which looms as a considerable suc-
cess. According to the research director, “the whole situation proves
that we can concept, design and manufacture competitive products
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in respect to performance and market acceptance. We fall very short,
however, in being competitive on price and profitability.” Tackling
a giant corporation head-on with an imitative product that must
compete on a price basis with very high-volume production would
not seem a suitable strategy for a threshold lacking substantial re-
sources and without considerable marketing clout. Threshold firms
usually stand their best chance of success by focusing on areas in
which they currently have a strong business position that they can
sustain or expand through a relatively low level of RD?E investment.

Government Support for R&D and Innovation

The machinery threshold firms tend to vary widely in their incli-
nation and ability to obtain federal grants to support their efforts in
technological innovation. Although several firms were well tuned to
the grant mechanisms and had received three or more grants in the
past decade, a few CEOs expressed bewilderment at the changing ar-
ray of programs available and felt it was time to assign someone in
their firm to explore the possibilities. One CEO noted his predecessors
had shied away from government “interference.” Some CEOs felt
“handouts” should be available only to the smallest firms, and there
was the occasional CEO antagonistic to any grants, devout in the
belief there was no good reason for the government to interfere in
the marketplace. In any event, relatively few threshold machinery
firms were heavily dependent on government innovation grants.
One recently appointed CEO was uncertain whether his firm had re-
ceived a grant in the 1970s. Among the remaining 35, 16 (46 per
cent) had not received any federal grant directly oriented to the sup-
port of their R&D and product innovation efforts (Table V.13). The

Table V.13 - R&D Innovation Grants Awarded to 35 Threshold Machinery

Firms
Type of Type of Firm
Grant All 35 —
Awarded Firms Thruster Sleeper Largest Smallest Speedster Laggard
None 16 4 4 2 4 3 4
PAIT 8 3 1 2 3 1 2
IRAP 2 0 1 1 1 0 2
DIP* 2 0 0 0 1 1 0
IRDIA 7 2 0 3 1 4 1
EDP 2 0 1 0 2 0 1
Mini-IRAP+ 1 0 1 0 1 0 1

* A program designed to sustain and develop the technological capability of Canadian
firms for defence export sales or associated civil export sales.

+ Initiated in 1978-79 and assists firms not large enough to maintain their own
separate research facility by paying salaries of those working in research
organizations on the client’s project.

Source: 1980 survey.
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smallest thresholds, with probably the greatest needs for assistance,
nevertheless had a greater propensity than the largest not to have
received such grants, and more than half those at an intermediate
size, with 140-300 employees, had not received grants. The most fre-
quently obtained grants were from PAIT, received by eight firms, and
IRDIA, received by seven. Five of the thrusters, compared to only one
sleeper, had received either a PAIT or an IRDIA grant. EDP had been
used by only two of the machinery thresholds, although three firms
were waiting to hear if their EDP grant applications were accepted.

Among the comments and complaints expressed concerning the
programs were the following:

1. Several CEOs were frustrated by what they perceived to be
unnecessary and overwhelming paperwork, a burden particularly
for smaller firms lacking experience in these matters.

2. Two CEOs referred to the fact that costs that are covered by
an EDP grant are those incurred after the date of grant approval.
However, to achieve a competitive posture it may be necessary to
move faster than the grant approval time allows, so some k