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Executive Summary

This report details the results of a project undertaken by The Office for the
Study of Automotive Transportation (OSAT) for the Science Council of Canada. The
report draws on a series of interviews, available public data, and OSAT analysis to
evaluate the current role of and likely prospects for Canadian R&D activity in the
automotive sector.

Estimates of North American automotive R&D expenditures vary widely,
reflecting differing definitions of what activities constitute R&D, differing definitions
of the automotive industry, and different sources. Estimates from industry sources
are generally higher than public estimates, often by a factor of two to three.
Interviewees estimate a range of $15 to $20 billion in 1989, while public estimates
are on the order of some $7.5 billion. Roughly half of these total expenditures are
funded by the Big Three, although both the NAMs (North American subsidiaries of
offs}%ore automotive manufacturers) and part suppliers will increase their levels in
the future.

The bulk of automotive R&D expenditures (72%) are incurred in applications
R&D, the type that is "closest to market" and farthest from "pure" science. Perhaps
two-thirds of this application R&D is targeted to product efforts, especially vehicles,
although our respondents anticipate a shift to process efforts in the future. Basic
R&D receives as little as 7% of expenditures. The majority of R&D at the Big Three
is performed in-house, but part suppliers are a major, growing outside source of R&D
performance.

Canada’s automotive R&D activity, on a per vehicle basis, is probably about 5%
to 6% of the U.S. level, although our respondents estimate it at nearer parity.
However, they assign a lower share of basic and developmental R&D to Canada than
in applications R&D. Mexico’s R&D share is small. The United States is the
generally preferred site for automotive R&D, reflected in its 84% share of the total,
although Canada is a strong contender in certain materials for which it is a source.
These patterns have been stable over the past decade, and are expected to stay
relatively stable over the next decade.

Decisions to site R&D in one or another nation reflect both technical factors,
like capability, and political considerations, such as corporate relationships and
image. Generally, the more political implications in the decision, the higher in the
corporation it will be made.

Canada certainly represents an attractive location for automotive R&D siting.
It has three areas of relatively clear strength compared to the United States:
government policies that are viewed as more supportive and less burdensome,
generally lower costs, and certain advantages inhering in its material endowment.
However, these advantages may not be not especially significant when stacked up
against the many areas where Canada and the United States are comparable, or the
United States holds an advantage, including its developed infrastructure and
tradition of automotive R&D.

In a sense, Canada suffers from being insufficiently distinct from the United
States, both in terms of its endowments and in the views of decision-makers. This
results in Canada receiving consideration only at the second stage of R&D siting
decisions, and may limit its opportunities to secure R&D work. However, Mexico is
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considered quite distinctly, and that has not led to increases in R&D, nor does it
currer(litl represent much of a threat to existing R&D activity in Canada and the
United States.

There are a number of possible strategies for increasing Canada’s automotive
R&D, some focused on enhancing Canada’s current strengths and others on
ameliorating its weaknesses. Of course, effective strategies must reflect a realistic
appraisal of the developing trends in automotive R&D as well as Canada’s situation
and potential. In all probability, such strategies will target efforts to sustainable,
small increments in automotive R&D. Canada should seek to distinguish itself from
other R&D locations, and this is probably most easily accomplished in selected,
focused areas. It probably makes sense to develop an area of R&D expertise that
addresses a material, a process, a product (family), or an intersection of all three.
One clear way to bolster such efforts would be to create a center of expertise in a
selected material(s) in the Canadian university system, or to focus on emerging
areas, such as the Intelligent Vehicle Highway System (IVHS).

Government incentives can play a role in attracting R&D, although perhaps
more through broad efforts in education and improving t%e business environment,
rather than through targeted activities like tax credits. Canada might well benefit
from an easy immigration policy for technical and engineering personnel, and
perhaps even a targeted recruitment of such immigrants, to provide an experienced
automotive R&D cadre. Government might support an automotive R&D service
function, providing services to user companies, or even establish a broad-based
automotive research laboratory at a Canadian university. Canadian universities
could strengthen programs that provide training at the interface of engineering
disciplines, or even provide training in systems approaches to engineering.

However, canada must ask itself a fundamental question: should it seek to
increase its "low" rate of automotive R&D relative to the United States, or should it
concentrate its efforts on protecting and increasing its relatively "high" rate of
assembly activity?
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I Introduction

Background. Industrial research and development (R&D) is increasingly
viewed as an important component of manufacturing competitiveness for both firms
and countries. For many firms, such R&D is a critical capability for producing new
products for rapidly changing markets that are increasingly served by international
competitors. For countries, industrial R&D capability is often viewed as an
important attribute for independently attracting and holding other industrial
activity, such as manufacturing jobs.

The Canadian automotive industry today primarily consists of facilities owned
by Canadian subsidiaries of the U.S. Big Three.! Most of these facilities are final
assembly operations for passenger cars, vans, and light duty trucks, and much of
their production is targeted to the U.S. market. While Canadian share of U.S. and
Canadian vehicle assembly has risen sharply since the creation of the 1965 Auto
Pact, and even risen somewhat through the decade of the 1980s, this has not
resulted in matching levels of expansion in Canadian automotive R&D, nor in
accompanying supplier activity. In a sense, then, Canada’s role in automotive
production continues to depend heavily on its integration with Big Three activity
elsewhere, especially in the United States.

Over the past 15 years, the Big Three have faced a serious competitive
challenge from the Japanese automotive manufacturers in both U.S. and Canadian
markets, and this challenge has grown as these manufacturers have established
production facilities throughout the United States, Canada, and Mexico. The Big
Three response to this challenge has involved a number of strategic decisions that
potentially affect Canada’s role in their operations. First, initially forced by local
content laws, but now driven more by the pull of less expensive labor, the Big Three
have all significantly expanded their operations in Mexico, and that presents a
possible threat to their activity levels in both the United States and Canada. Second,
both Ford and GM have increased their investment levels in their European

1Chrysler, Ford, and General Motors (GM), the traditional North American automotive manufacturers.
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operations. Thus Canada may eventually be part of a smaller U.S. and Canadian
portion of Big Three global activities.

. A more directed outcome of the Japanese challenge has been a strategic
reconsideration of R&D at the Big Three, E)cused especiaiy on the issue of what
units or companies should perform such activity, and where it should be sited. In
particular, the second half of the 1980s has witnessed varying efforts to "outsource"
engineering work, to have it performed at suppliers of parts and components, and
specialized engineering service (ES) suppliers as well. This same time period has
seen part and component purchases re-sourced from traditional U.S. and Canadian
suppliers not only to Mexico, but to a variety of producers outside North America as
well. This is primarily driven by cost considerations. Some re-sourcing of R&D work
has also developed, and more might develop in the future.

Canada clearly has two interests in automotive R&D work. First, such work
might provide a more independent anchor for Canada’s current automotive economy,
and an attraction for the further expansion of that activity. This may become
increasingly important as other producing areas improve, and Canada’s relative
advantages narrow.2 Second, R&D activity provides well-paying, skilled work in its
own right, and increasing R&D activity therefore offers direct economic benefits.

Overview. The Office for the Study of Automotive Transportation (OSAT) has
performed a study and analysis of the automotive R&D process and the decisions
controlling where that work will be performed. The primary focus of this effort was
the geographical siting of automotive R&D, and the factors that promote or inhibit
the selection of certain locations for such activity. Recent developments and changes
in the focus and patterns of automotive R&D sourcing, particularly in regard to the
roles of different functions, firms, and agencies in this process, constitute an
important secondary emphasis.

The purpose of this report is to provide the client, the Science Council of
Canada, the results of the study and our observations on possible strategies for
increasing automotive R&D work in Canada. In addition to this introduction, the
report encompasses four sections that parallel the major tasks of the project. Section
II describes and analyzes major recent trends and likely future developments in
automotive industry R&D work, highlighting the decisional context for locating such
work organizationally. Section III examines the geographical distribution of North
American automotive R&D, again focusing especially on the process and criteria
governing this process. Section IV identifies Canada’s current strengths and
weaknesses as a location for automotive R&D. Finally, Section V reviews some of
Canada’s options for increasing its attractiveness as an R&D location, including
enhancing its current strengths and ameliorating its weaknesses.

2A recent survey of supplier attitudes about potential production sites found that Canada had declined an average of 0.4 scale
points (on a five point scale) on five performance dimensions, compared to a survey conducted about 20 months earlier. This
included a 0.4 point decline on "technical capability.” Canada also declined an average of 0.2 points on five dimensions of
attractiveness as a site for production. The earlier results are from Flynn, Michael S. and David J. Andrea "Capacity,
Competition, and Change: The 1988/1989 Supplier Survey,” OSAT, June 1989, 32 pp. (Permission to report these 1990 results
was granted by the contracting agency, an economic development unit of an EEC country.)
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The report includes a major separate essay, Appendix I. This essay, drawing
on other sources of data, also addresses some of the issues covered in the interviews.
It provides estimates of R&D expenditure patterns and reviews the effectiveness of
investment tax credits as an incentive for R&D. It also analyzes Canada’s relevant
labor endowment, and describes Canada’s contract engineering sector, an
jflﬁeasmgly important source of engineering for the traditional North American Big

ee.

Method. We collected information from a structured set of interviews
covering a wide range of topics. This instrument is attached as Appendix II.
Interview topics include: the current distribution of R&D, significant developments
or changes since 1980, and likely developments by 2000, perceptions of Canada’s
strengths and weaknesses for both types of R&D, and any external barriers to or
facilitators of Canadian location for such work.

Information from these interviews is supplemented by the essay in Appendix
I. Drawing on publicly available data, this essay addresses an important subset of
the issues covered in our interviews, including levels of automotive R&D
expenditures in Canada and the United States, and factors that may render a
location relatively more or less attractive as an R&D site. This essay, then, permits
some comparison of the interview respondents’ perceptions and attitudes with the
reality revealed by official reports and statistics.

Respondents. We interviewed nine respondents for this project. Our strategy
for securing respondents relied on nominations by OSAT staff, well placed executives
in the industry, and initially nominated personnel from the companies themselves.
This process identified engineering/technical personnel with broad experience and
overview of R&D efforts, often at the industry level as well as within their own
companies. They include seven executives with the Big Three and two executives of
large engineering service (ES) firms. Both ES executives have extensive prior
experience at major part and component suppliers, and one of them has been
Director of R&D at such a parts supplier. We are persuaded that the experience and
knowledge of these respondents make them appropriate and useful sources of the
information required for this project.

Our efforts to obtain interviews at transplant manufacturers, or NAMs3, have
been unsuccessful. Why we have experienced this difficulty is unclear. In some
cases, we simply have not been able to establish contact with identified personnel in
spite of repeated efforts. In one case, the appropriate company representative, after
numerous contacts, eventually refused to arrange an interview, stating that all their
R&D would continue to be performed in Japan.4 This project is not alone in failing to
gain research access to the NAMs. The source of this reluctance of the NAMs is
unclear. It might reflect a general company preference for restricting information, or
an unwillingness, or perhaps simply an inability, of their North American-sited
employees to make these decisions. Our own suspicion is that it is at least in part
due to the NAMs’ own uncertainties in regard to future R&D siting.- We suspect that
these policies are now under development and not yet finalized, and that these
companies, as others, are reluctant to discuss policy decisions and issues that are not
yet resolved.

3For New American Manufacturer, an acronym these companies seem to prefer to the more temporary flavor of "transplant.”
4This is difficult to accept, since this company has established an R&D center and design facilities in the United States, and,
according to a recent Economist Intelligence Unit Report, plans to perform a third of its R&D in North America.
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This failure to access the NAMs is somewhat ameliorated by information
shared by two of our Big Three interviewees. One of these respondents has
completed an extensive, high level assignment in Japan with an affiliated
manufacturer, including exposure to its R&D efforts. Another has performed
extensive analysis of Japanese automotive industry R&D practices. Both these
executives shared their views on Japanese R&D an?likely orth American activity
with the Project.5

Data. These interview responses do not support statistical analysis because
the respondents do not constitute an appropriate sample for such techniques. Nor,
in most instances, do they lend themselves to tabular presentation because their low
number does not require such a summary approach. However, they still are a useful
and potentially rich source of information because of the experience and expertise of
the respondents. We will draw on these responses to develop an overall snapshot of
current and likely developments in R&D, and to highlight the insights these
respondents provide.

Section II: Developments and Trends in Automotive R&D

This section describes and analyzes major recent trends and likely future
developments in automotive industry R&D work, highlighting the decisional context
for locating such work organizationally.

Types of automotive R&D. The project attempted to address three forms or
variants of industrial R&D, and these definitions were presented at the initiation of
the interview. The first type is basic or "breakthrough" research, where the effort is
targeted on new discoveries in the basic sciences and the applications to product,
process, or materials technology is speculative rather than established. This type of
R&D fulfills even the most restrictive definitions, and is the most heavily tilted to
the research component of R&D. The second type is developmental engineering or
“innovation," where the effort builds on established basic science and focuses on
developing new product, process, or materials technology for automotive application.
This type of R&D focuses on the commercial development of the kind of discoveries
that might be yielded by basic research of the first type. The third type, applications
engineering or "adaptation,” where both the basic science and technology are
establishei focuses on adapting or enhancing its implementation in product, process,
or materials. This type of R&D is incremental in approach, and is frequently tied to
a specific developmental program, such as a new vehicle. It also includes many

ggza]%nditures that are typically excluded from research and monitoring definitions of

The North American automotive industry engages in all three types of R&D,
In varying mixes over time. Most importantly, for purposes of this report, the
industry does not attempt to distinguish carefully among them, and often includes
other expenditures under the rubric of R&D. Thus expenditures that might be
better categorized elsewhere are often included as R&D. For example, this happens
with capital expenditure for new tooling and new products, with respondents on
occasion including entire costs of new vehicle programs and plant modernizations
under one or another of these three types of R&D. Routine expenditures for product

5Appendix III contains two general industry press articles that review what is commonly known, suspected, and speculated about
NAM R&D intentions in regard to North American siting.
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testing and routine technical services are often included as well. Consequently, the
levels and distributions reported by our interview respondents differ from the
estimates provided in Appendix I, and, to a certain extent, reflect a different, more
industry-oriented view of R&D.

Our respondents provided numerous examples of each of these three types of
R&D that their companies and others have pursued over the past decade. Examples
of basic research include research in ceramics, base metal catalysts to replace
platinum in exhaust systems, friction materials, powdered metallurgy, fiberoptics,
dense magnetic material for use in small motors, and electro-rheological fluids that
change viscosity with a change in voltage applied across the fluid. Of course, all of
these efforts are at least theoretically tied to possible improvements in the vehicle or
its component systems. For example, base metal catalysts reduce costs, electro-
rheological fluids can provide enhanced performance, and denser magnetic materials
permit motor weight reductions. Even basic research in industry is typically tied to a
product, rather than constituting science for science’s sake.

Industry efforts in innovation or developmental engineering span an equally
wide range, although more such efforts were common across the companies. The
industry has invested heavily in material development efforts over the past decade,
especially driven by the emphasis on weight reé)uction to meet the U.S. Corporate
Average Fuel Economy (CAFE) standards and competitive cost pressures. Numerous
new polymer-based materials have gone from the labs to installation on-board
vehicles during that time, including various plastic and composite panels. Electronic
and electro-mechanical controls, for emission control, fuel economy, and driveability
have been major areas of developmental engineering effort. Perhaps the most
publicized development has been the variety of antilock braking systems that have
become available over the past decade, and have already become standard equipment
on some light trucks and passenger cars.

These respondents reported numerous examples of application engineering,
including enhanced computerization of processes and communication, expansion of
Computer-Aided Design (CAD) and Computer-Aided Manufacturing (CAM) systems,
refinement of plastic and metal processing and product technology, and
improvements in a range of electronic controls and sensors.

Levels and distribution of R&D expenditures. As the discussion in Appendix I
indicates, estimates of automotive R&D spending are variable, reflecting differences
in both definitions of R&D and definitions of what companies are included in the
automotive industry. The interviews indicated that our respondents were not
always clear, nor in agreement with each other, on exactly where to classify various
efforts. Unfortunately, exact classification probably requires far more detailed
information on projects than either these respondents or OSAT could hope to
develop. Nevertheless, we asked our respondents to estimate the total 1989
expenditures of the North American industry, including both manufacturers and
suppliers, for all three types of R&D. Not surprisingly, the estimates varied widely:
from $12 billion to $22 billion. Even the low estimate exceeds the definitionally
more restrictive NSF results ($7.5 billion) and the more industry restrictive
BusinessWeek estimates ($10.3 billion) reported in Appendix I.
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Our respondents estimate that 1989 levels are up a bit over the past, perhaps
on the order of 5% to 10% in real dollars. Competition has driven R&D expenditures
up, as model proliferation, plant investments, regulations, and necessary quality
improvements have all required R&D investment. As one respondent put it, the
North American companies have recognized that technical advances are part of
winning.

Looking to the future, most of our respondents see little threat to levels of
North American R&D from other potential sources, although particular areas or
projects may be shift between North America and other locations. In particular,
Japan is not seen as a direct threat to R&D activity, although increased sales of
Japanese vehicles in North America would perhaps lead to some decrease in Big
Three levels. This may be somewhat compensated by a shift of some Japanese
manufacturer R&D to North America. Both Ireland and Eastern Europe were
identiﬁed1 as potential R&D sites because of availability of technical and engineering
personnel.

These executives estimate that automotive R&D expenditures are allocated
about 7% to basic research, 21% to developmental engineering, and 72% to
applications engineering. There was little disagreement on basic research, with all
respondents estimating between 5% and 10%.5 There was some disagreement in
regard to the other two types of R&D, with a few respondents seeing little more
allocated to developmental engineering than to basic research, and the vast bulk of
expenditures in the application area. However, this probably reflected the
respondents’ differing views on how to categorize certain efforts, such as antilock
brakes, than to substantial differences of opinions. One (non-GM) respondent
suggested that in the future virtually no truly basic research will be performed in the
automotive industry, with the possible exception of efforts at GM’s Technical Center.
In his view, the competing needs for engineering dollars in the development and
application stages will strip the funding for basic research at most automakers.

Within adaptation or application R&D, roughly two-thirds of expenditures go
to product efforts and about one-third to process or manufacturing engineering. This
has shifted over the past five years, with manufacturing engineering receiving a
larger share than in the gast. Two respondents expect the manufacturing share to
increase even more as the traditional separation between the two disciplines and
their functional separation within the companies lessens. In any case, the
integration of product and process development engineering, through efforts like
simultaneous engineering and design for manufacture, should render this distinction
not only less clear, but perhaps less important.

Most product adaptation engineering expenditures are focused on the vehicle,
simply because the packaging of the parts and components is a major category of
expense. While it is difficult to separate the expenditures because many components
are adapted and redesigned as part of new vehicle programs, it does appear that the
majority of expenditures are tied to developing vehicles. -

6Appendix I reports NSF results that suggest that 3.9% of all U.S. industrial research is basic research. These results suggest
that the automotive industry is probably not substantially different from this overall industry average.
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It is clear that applications engineering for both products and manufacturing
processes dominates the R&D budget of the automotive industry, and most of this is
in some way tied to new vehicle programs. Onl% a small part of these expenditures,
certainly less than 10%, is applied to basic R&D. One respondent suggests that at
most 10% of traditional automotive R&D in North America goes into efforts that are
not tied to an existing product, while 90% is focused in areas of "off the shelf"
technology. In contrast, he estimates that as much of 30% of R&D at Toyota is to
develop technology to put "on the shelf" for possible use in the future.

Sources of automotive R&D. The Big Three patterns of allocating their R&D
budgets across different R&D sources appear to differ somewhat. Ford and GM
perform the majority of all three types of R&D within their own facilities, while
Chrysler relies more heavily on outside sources for basic and developmental
engineering R&D. All three source some basic research from universities and
participate in industry consortia. This may account for roughly 10% of Ford and GM
basic research, but perhaps as much of 80 to 90% of Chrysler’s. Ford concentrates its
developmental engineering in-house and at its suppliers of materials, parts, and
components, and relies even more strongly on its own capabilities for application
engineering, although also drawing on other manufacturers and its suppliers in this
area. GM draws more broadly from the available sources for all three types of R&D,
perhaps performing more developmental engineerin%, and a bit less applications
R&D in-house than does Ford. Chrysler is less vertically integrated than either Ford
or GM, buying as much as 70% of vehicle value from outside suppliers. This
undoubtedly accounts for its somewhat lower R&D per vehicle expenditures than
either Ford or GM, and its greater reliance on outside sources of R&D. GM appears
to rely more heavily than either Ford or Chrysler on ES firms for applications R&D,
reflecting perhaps its recent moves to outsource more of its engineering functions.

All these respondents expect to see increased reliance on outside sources of
R&D over the coming five to ten years. Some of this shift will be to industry
consortia, as the legal climate permits more joint efforts, and some will be to
automotive suppliers. This shifting, or outsourcing, of engineering to part suppliers
and ES firms is confirmed by other research work, although the pace of this change
does appear to have slowed somewhat from earlier expectations.” Moreover, Ford
has already relied on Mazda, one of its alliance partners, to do the bulk of the
engineering development for the new Escort model.

One respondent presented an interesting argument in regard to the role of
universities. While respondents generally discusse§ universities in relation to basic
research, this executive suggested that universities may show a significant activity
increase in the developmental type of R&D. He argued that their basic cost
structure is attractive because of effective public subsidies and the presence of a
large pool of talented, inexpensive labor (graduate students). Furthermore,
universities can focus their R&D efforts better than companies that must wrestle
with day-to-day business concerns. Of course, universities have historically resisted
R&D work that moves away from the pure science, knowledge-for-the-sake-of-
knowledge model. However, pressures on university to expand their funding sources
may alter this attitude in the future.

7Flynn, Michael S. "Engineering Outsourcing” AIM Newsletter November, 1986 2, 1, pp. 5-6.
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Funding of automotive R&D. These respondents estimate that the Big Three
fund about 50% of the total North American automotive R&D effort, allocated
roughly equal to their sale shares, with perhaps GM a bit higher and Chrysler a bit
lower on a per vehicle basis. That suggests that GM accounts for somewhat over 50%
of Big Three expenditures, Ford in the low 30%’s, and Chrysler at about 10 to 15%.
Probably a bit less than 50% of total North American automotive R&D is funded by
their suppliers of raw materials, parts, and corl?‘gonents. The engineering service
firms do very little independent funding of R&D, since most of their contract
expenditures in this area are funded by the Big Three. The North American
governments are not seen as significant sources of automotive R&D funding.

Both BusinessWeek and NSF estimates suggest that the major performers of
R&D, the manufacturers, account for the vast bulk of automotive R&D, perhaps over
90%.2 Our respondents estimate that it is much lower, perhaps only on the order of
50%. While some of this difference may be due to different definitions of the
"automotive industry,” more is probably due to differences in definitions of R&D
work. We suspect that these respondents include far more routine testing and
applications engineering R&D in their definitions, and much of this work is
performed at suppliers.  Ultimately, the Big Three may pay for much of this R&D
performed at suppliers through purchase prices, although it appears that less than
25% of supplier I1J)asic R&D is recoverable from the Big Three. On the other hand,
R&D work at ES firms is typically negotiated for and billed out as separate items, so
};_he Big Three recognize this as R&D they pay for, although it is performed at the ES
irms.

At this time, these respondents feel the NAMs are funding very little
automotive R&D in North America, probably no more than $100 million in 1989,
althoufh much of their R&D expenditure in Japan is targeted on North America.
Total Japanese automotive manufacturers’ R&D expenditures may be as high as $4
billion, and perhaps a third of that is in some sense targeted on North America.
These respondents do expect to see some increased R&D expenditure in North
America by the NAMs, although how much of an increase is unclear. Toyota, Honda,
and Nissan are all installing more R&D capacity in North America, but whether this
will go beyond design studios and manufacturing engineering support for their North
American plants is simply not clear.

Our respondents expect these funding patterns to shift significantly over the
next five to ten years in a number of other ways as well. First and foremost, they
expect the Big Three to rely more on their suppliers of raw materials, parts, and
components to pick up the R&D and engineering loads. This is driven by cost
considerations, but also by the difficulty of developing and maintaining the human
resources and expertise required across so many different areas. Second, they do
expect that the ES suppliers will fund and perform more R&D work, for much the
same reasons. Third, there may be some shift away from North America as the
manufacturers around the world develop alliances and the Big Three begin to rely on
these European and Japanese "partners" to perform engineering work.

83ee Appendix I, pp. 3-4.
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R&D sourcing decisions. Decisions about where to source a particular R&D
effort are literally made everywhere throughout the levels and functional divisions of
the Big Three hierarchies. Exactly where such a decision is made depends on the
specific R&D effort under consideration and its budgetary requirements. The actual
decision maker can range all the way from a project engineer to the head of advanced
engineering, the program manager, or vice president of engineering. Often these top
managers will make a policy decision to outsource the work, but lower ranking
rxlllanagef{s in engineering and/or purchasing will select the actual source to perform
the work.

The grounds for such decisions also vary widely from instance to instance.
Expertise, cost, and confidentiality are probably the main factors that determine
whether the R&D work will be performed in-house. If the Big Three believe they
can perform the work, they will likely do so. If in-house expertise is lacking, or the
cost of in-house performance is high, or would require adding capacity, and
confidentiality is less important, then the Big Three are likely to seek outside
sources. The selection among possible outside sources is typically driven again by
cost and expertise, although resources to carry a project through to completion, and
general reputation of the source weigh heavily as well. This decision process
suggests that the Big Three essentially reserve a right of "first refusal” for in-house
performance, and seek outside sources if that is appropriate. That first refusal is
typically exercised at a fairly high level of management, but the consideration and
selection among outside sources occurs at varying levels, often fairly low in the
organizational hierarchy.

Summary. These respondents estimate that the North American automotive
R&D budget for 1989 was in the range of $15 to $20 billion, up some 5% to 10% in
real dollars over the past five years. Roughly half of these total expenditures are
funded by the Big Three, although both the NAMs and part suppliers will increase
their levels in the future. The clear majority of these expenditures (72%) are
incurred in applications R&D, the type that is "closest to market" and farthest from
"pure” science. Perhaps two-thirds of this application R&D is targeted to product
efforts, although our respondents anticipate a shift to process efforts. Most of
product R&D is allocated to vehicles programs. On the other hand, basic R&D
receives only about 7% of these expenditures. The majority of R&D at the Big Three
is performed in-house, but part suppliers are a major, growing outside source of R&D
performance.
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Section III: Geographical Distribution of Automotive R&D

This Section examines the national distribution of North American
automotive R&D. North America offers three national sites for R&D, as it does for
production: Canada, Mexico, and the United States. Our research effort again
focused especially on the process and criteria governing geographical site selection.

National distribution of R&D. Our respondents believe that the
overwhelming majority, at least 87%, of basic and developmental automotive R&D in
North America is sited in the United States. They report virtually no basic or
developmental research activities in Mexico, 2%, and no more than 11% in Canada.
Applications R&D reveals a different pattern, with U.S. share falling to about 79%,
Mexico doubling to 4%, and Canada’s share rising to just over 17%. Summing these
estimates, weighted by our respondents’ estimates of the distribution of R&D by
type, yields a total U.S. R&D share of 81%, a total Canadian share of just over 15%,
and a total Mexican share of just over 3%.

Here our estimates differ substantially from the patterns revealed in official
statistics. Those sources suggest that the R&D intensity of the Canadian automotive
industry, on a production corrected basis, is on the order of 5% to 6% that of the U.S.
industry.® Our interview estimates portray a level that approximates the U.S. level,
with about 15% of R&D expenditures and assembly activity located in Canada.
Again, we stress that differing definitions of "R&D" and “automotive industry”
probably apply to all these sources. In particular, our definition of "applications
F&D'ﬁ%fgem industry views, but includes many expenditures normally excluded
rom .

Additionally, our respondents estimated in 5% intervals, and estimated
Canada, then Mexico, and the balance to the United States. A reverse order of
estimation might have yielded different results, as might the use of finer intervals.
If we adjust these figures for our respondents’ reports of how closely their own
company'’s expenditures match their estimates of industry expenditures, Canada’s
shares fall to just under 9% in basic and developmental and 15% in applications R&D,
for a total share of just over 13%, or about 16% of U.S. levels. These adjusted
estimates of Canadian share of basic and developmental R&D suggest equivalent
research intensity between the two industries, and are still quite different from the
estimates presented in Appendix I.

In our judgement, these estimates err by overestimating Canadian and
Mexican shares and underestimating U.S. shares. The lower estimates of Canadian
R&D levels compared to U.S. levels provided in the Appendix are undoubtedly better
approximations to reality than are these interview estimates.

However, these interview estimates do have some value. In particular, they
suggest that Canadian R&D share is larger at the applications R&D stage than at
either the basic or developmental stage. This is consistent with other information.
On the one hand, the major technical and engineering centers of the Big Three are
all located in the United States, and these centers are important for both basic and
developmental R&D. On the other hand, the distribution of final vehicle assembly

9See Appendix I, pp. 6-8. Note that total automotive R&D spending in Canada may be more on the order of 1% to 2% of U.S.
levels.
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activity follows a different pattern, since Canada accounted for just under 15% of
1980 U.S. and Canadian vehicle assemblies, and just over 15% of 1989 assemblies.
Canada has also seen significant comparative plant investments over the past five
years. The focus of application R&D on vehicle programs and the shift in application
R&D expenditure to process efforts both suggest the importance of final assembly
activity in these expenditures.

We asked our respondents to identify which of these three countries
represents the preferred site for R&D activity, and whether that preference varies
depending on a range of specific factors. Most respondents indicated that the United
States represents the generally preferred site, largely reflecting its current level of
engineering and R&D activity. Most respondents mentioned at some point in these
interviews that proximity in R&D is important, and that proximity means nearness
to other R&D activity more than to manufacturing or assembly plants. They appear
to view the synergies provided to R&D as important advantages fostered by close
location of R&D facilities to each other. The preference for keeping basic research
confidential also favors its performance in existing U.S. facilities.

Beyond this general preference for the United States, respondents indicated a
number of specific preferences for Canada and none for Mexico. At the most general
level, these preferences for Canada are all tied to its importance as a raw material
supplier, and its current and potential expertise tied to those materials. Somewhat
surprisia%y, this general preference for the United States seems to vary little by
type of R&D, product, process, in-house execution, or size of expenditure. In a sense,
that reinforces the point that it is indeed a strong general preference.

Our respondents feel that these distributions of R&D activity across Canada,
Mexico, and the United States have been stable over the past decade. One
respondent thought that there might have been some marginal increase in R&D
activity in Canada, but that this would have been at other companies. These
executives generally expect that there will be no real shifts in these patterns over
the coming decade, although one thinks that Canada might see an increase of 5% to
10% in its share because of its capabilities and a shift of ES activity to Canada to be
close to assembly plants. Three other respondents noted that any shifts that might
develop would likely occur as a result of Big Three outsourcing of R&D to part
suppliers and ES firms. As the Big Three outsource some R&D activities, the
national siting of these activities will depend on where these companies have or
choose to open facilities. To the extent that other countries pose some threat to
North American R&D levels, the level of the threats to Canada, Mexico, and the
United States does not differ.

R&D siting decisions. Our respondents paint quite different pictures of where
most decisions on siting R&D are made, and these views to some extent reflect what
they feel are the grounds for such decisions. In general, all see these decisions being
made at fairly high levels, but the exact level varies from engineering directors at the
relevant unit all the way to the CEO and even the Board of Directors. The more
general the political and image implications of the decision are, the higher the level
of effective decision-making.

The grounds for siting R&D in different nations reflect a mixture of technical
and political factors. More technical factors and considerations include the
availability of expertise and facilities, and sometimes more specific considerations,
like climate for hot and cold weather testing. More political considerations include
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company image, policies of the potential host governments, and possible union (UAW
and CAW) reaction.

However, these general considerations can lead to quite different specific
outcomes. One company may keep work at a current site to maintain its relations
with local unions and/or current Elost governments, while another may seek new
sites to avoid too much dependency on a union of government. Image, too, is a
consideration that can have quite different specific applications. One company may
locate its facilities close to its customer plants to foster the image of a "good supplier,”
while another may locate close to its customers’ R&D facilities to provide the
opportunity of communicating an image of technical sophistication and concern for
cooperation.10

Summary. Canada’s automotive R&D activity is probably at about 5% to 6% of
the U.S. level, although our respondents estimate it at nearer parity. These
respondents are probably correct in assigning a lower share of basic and
developmental R&D to Canada than in applications R&D. Mexico’s R&D share is
small for all three types of automotive R&D. The United States is the generally
preferred site for automotive R&D, reflected in its 84% share of the total, although
Canada is a strong contender in certain materials R&D, reflecting its role as a source
for these materials. These patterns have been stable over the past decade, and are
expected to stay relatively stable over the next decade.

Decisions to site R&D in one or another nation reflect both technical factors,
like capability, and political considerations, such as relationships and image.
Generally, the more political implications in the decision, the higher in the
corporation it will be made.

Section IV: Canada’s Strengths and Weaknesses

This section focuses on respondents’ views of Canada’s current strengths and
weaknesses as a location for automotive R&D, comparing and contrasting them with
their views of the United States.

Canada’s strengths. These respondents see many advantages to Canada as a
location for automotive R&D. In the general area of government policy, some, but
not all of these respondents see definite advantages to locating R&D in Canada.
They mentioned the Canadian government’s essive policy in support of R&D in
general and in specific research areas, like dual fuel cars and crash studies, as well.
They also mentioned tax and energy policies. Some other governmental policy
advantages in Canada emerged as the respondents identified U.S. weaknesses:
environmental, workplace health and safety regulations, and anti-trust policies are
all seen as less burdensome in Canada.

Canada receives high marks for its general human resources and technical
manpower, and its strong universities. Respondents also note that frequently lower
costs, language and cultural similarity, and proximity all make Canada attractive to
U.S. decision-makers and employees who might have to be relocated.

10Note that this proximity can also lead to quite different outcomes, depending on how a company answers the question
"proximity to what?"
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Canada has some major attractions in specific areas of automotive R&D. It is
a major source for automotive aluminum, a material that has seen increased usage in
the face of pressures for vehicle weight reduction. Ford, for example, has an
aluminum foundry and casting plant in Essex, and such facilities might draw R&D
activity, especially if Canada develogs broader expertise in aluminum. Canada is also
a major source for natural gas, and this fuel, in both compressed (CNG) and liquid
(LN (J}) form, is an important alternative fuel candidate and the target of some R&D

activity. Canada also has some R&D strength in the powdered metals.

Canada’s weaknesses. If Canada offers a location that is, in some senses, close
to the North American automotive engineering and R&D facilities centered in the
Detroit area, it is still farther away than many possible locations in southeast
Michigan. One respondent suggested that this very proximity would make it difficult
to justify investments in Canada that would often rfuplicate existing investments in
the United States. Moreover, the trip crosses an international boundary, presenting
its own types of custom delays and problems, via a tunnel or bridge that present
simple but aggravating traffic delays. A number of respondents mentioned problems
with moving R&D material, from computer programs, drawings, and designs to
experimental and prototype products, across the border. Such goods are dutiable,
gfteél at the value of the project, and require time-consuming evaluation at the

order.

Respondents noted the lack of a developed infrastructure for automotive R&D
in Canada, including some feeling that the ES sector is weak. Nor were all
respondents enthusiastic about Canada’s human resources in the technical area,
expressing a feeling that while they were acceptable in terms of skill, there is not an
abundant supply of them. Some respondents specifically raised the issue of language
unrest in Canada as a concern, and one suggested that Canadian unions are more
radical than those in the United States.

While Canada possesses natural advantages in certain materials areas, our
respondents raised some concerns about Canada’s ability to exploit these areas. This
1s particularly problematic if automotive R&D activity moves to the supplier level of
the industry. Canada is somewhat hurt by its lack of major, independent suppliers
yvi%g:%e resources and experience to pursue aggressively the potential opportunities
in .

In terms of potential NAM R&D investments, Canada suffers a major
handicap. Whatever advantages Canada might provide the NAMs, it appears that
trade friction with the United States is one of their major concerns. They are not
simply interested in locating work outside Japan to avoid bilateral friction, but wish
to develop visible activity in the United States to mute that friction. In all likelihood,
then, the substantial bulk of NAM R&D activity that comes to North America will be
sited in the United States.

Canada compared to the United States. Canada seems to face three major
handicaps in comparison to the United States as a location for automotive R&D.
First, its areas of strength are largely areas of U.S. strength, and only in areas of cost
and government policy is Canada seen as more attractive, and one respondent
described these as minor differences in any case. Its universities are seen as strong,
but no stronger, and perhaps not quite as strong as U.S. universities; at any rate,
they are certainly less well known to U.S. decision-makers. Its workforce is as good
as, but not better than, the U.S. workforce. Its culture and language may be similar
to the U.S.’s, but they are not the same.




Automotive Research and Development in Canada page 14

Second, whatever advantages Canada might confer, those advantages accrue
to the companies only after they make the substantial investments required to
.overcome the developed tradition, infrastructure, and momentum of automotive
R&D in the United States. These are not trivial advantages to overcome, and they
even apply to decisions about new investments, if one feels, as do these respondents,
that there is an advantage to closely concentrating R&D work to capture synergies.
In a sense, then, the industry finds no compelling reasons to sigm'gcantly shift its
R&D activities to Canada, and many reasons to continue its current patterns.

Third, perhaps Canada’s biggest handicap is that it is insufficiently
distinguished from the United States in the view of automotive decision-makers.
The long history of integration of the U.S. and Canadian activities of the Big Three
and many of their suppliers has resulted in the United States and Canada becoming a
blurred distinction to many industry participants on both sides of the border. While
this has clear advantages to Canada, it sometimes imposes handicaps. These
decision-makers are likely to accord Canada the same decisional status as a U.S. state
like Michigan or Ohio. That means that the first stage decision--whether or not to
site activity outside Canada/United States--is often made without specific and
separate consideration of Canada, just as it may be made without specific
consideration of Ohio. Canada is more likely to receive separate consideration at the
second stage, after the decision is made to site the activity "here," and then it
competes with various U.S. states. To be sure, it often has advantages over these
U.S. states that are conferred by the Auto Pact. However, its failure to be considered
at the first stage decision may seriously injure its chances at selection for R&D
activity.

As one respondent put it, industry people think of Mexico when they consider
"going abroad," but not Canada. In their view, Canada/United States is "here," and
other countries are "there."

Mexico. The past decade has seen the shift of much automotive work from the
United States to Mexico, especially in labor intensive processes. The major drivers
for this shift have been Mexico’s policies on domestic content and the attraction of
less expensive labor. This shift probably captured some work that would otherwise
have been sited in Canada. In view of the increasing investments of the Big Three in
Mexico, might not Mexico represent an alternative site for R&D as well as for
production, and might not this adversely affect Canada’s chances for securing such
activity? We raised this question with our respondents.

The Big Three experience in Mexico has generally been positive. Moreover,
Mexico appears to have a supply of good technical workers and engineers, and its
universities are strong in some engineering disciplines. However, at this time it
presents no clear threat to Canadian automotive R&D activities or Canada’s
opportunities to secure more such activity. Mexico’s major attraction to the Big
Three is low wages, and that is simply not seen as a major attraction for R&D efforts.
Beyond that, there are language and cultural differences that would be barriers to
the smooth integration of large Mexican R&D investments into Big Three activities
elsewhere in North America. While Mexico is clearly a competitor to Canada for
some manufacturing investment, it is not likely to be a significant competitor for
R&D investment over the next decade.
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Summary. Canada certainly represents an attractive location for automotive
R&D siting. It has three areas of relatively clear strength compared to the United
States: government policies that are viewed as more supportive and less
burdensome, generally lower costs, and certain advantages inhering in its material
endowment. However, these advantages may not be not especially significant when
stacked up against the many areas where Canada and the United States are
comparable, or the United States holds an advantage, including its developed
infrastructure and tradition of automotive R&D.

In a sense, Canada suffers from being insufficiently distinct from the United
States, both in terms of its endowments and in the views of decision-makers. This
results in Canada receiving consideration only at the second stage of R&D siting
decisions, and may limit its opportunities to secure R&D work. However, Mexico is
considered quite distinctly, and that has not led to increases in R&D, nor does it
currently represent much of a threat to Canada/U.S. existing R&D.

Section V: Whither Canada?

This section reviews some of Canada’s options for increasing its attractiveness
as an R&D location, including enhancing its current strengths and ameliorating its
weaknesses. There are three preliminary points that are important to this
discussion. First, Canada’s current capacities for automotive R&D may differ
substantially from its capacities in other industries.!! Second, Canada’s strategies for
increasing automotive R&D must target three quite distinct types of companies,
parts suppliers and ES firms as well as the traditional manufacturers, and thus
present a more complex challenge.

Third, the United States is the preferred North American location for Big
Three automotive R&D, reflecting a long tradition that has established a strong
infrastructure for that activity. The United States currently holds in excess of 80%
of that R&D activity, and even higher proportions of basic and developmental R&D.
The NAMs’ R&D siting decisions are likely to tilt heavily to the political importance
of establishing U.S. R&D facilities and to the attraction of siting in the Detroit area,
where so much R&D work already exists. Therefore, there is no readily available
opportunity for Canada to secure large-scale, general R&D activity, and hence no
easy strategy that seems likely to yield substantial increases in automotive R&D.
Rather, Canada should probably target its efforts to sustainable, small increments in
automotive R&D. Such efforts must be well targeted to be successful, and should
build on Canadian advantages to be sustainable.

Our respondents clearly identify expertise as the primary grounds for
selecting R&D sources and sites. The Big Three are seeking "world class"
performance from their supply bases, including R&D sources as well as parts makers.
If it already exists, such expertise must be nurtured; if it needs to be created, it must
offer a realistic chance of success and sustainability. Our respondents were better
able to identify areas that Canada might develop than areas of expertise that already
exist, although Canada should review its current activities to identify any such
existing areas.

Hpata presented in Appendix I suggest that Canadian levels of R&D in the automotive industry compared to U.S. levels falls
short of Canadian comparative levels in other industries.
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Targeted expertise. One clear recommendation that comes through in these
interviews is that %anada needs to distinguish itself not only from the United States,
but from other possible R&D sites as well. Realistically, the general base for North
American automotive R&D is, and will continue to be located in the United States.
Canada should seek to establish itself as a world class R&D performer in selected,
targeted areas, rather than seeking to establish itself as another automotive R&D
generalist. An attempt to become an R&D generalist is unlikely to displace the
established role of U.S. automotive R&D. Moreover, it runs the risk that Canada will
consistently be a strong competitor for particular projects, but most often lose out to
any number of different locations that are especially strong in the particular area
under consideration. As one respondent expressed it, Canada needs to develop a
"hotbed" of activity and expertise within an R&D area, attracting attention,
consideration, and, ultimately, selection. Our respondents suggested a number of
R&D areas for Canada to concentrate its efforts. Some of these suggestions reflect
Canada’s situation, while others are simply new areas that have not yet been
developed by other locations.

One useful way to conceptualize the automotive industry is to think of it as a
series of material, process, and product flows. Part suppliers increasingly are
thinking of themselves as specialists along these dimensions, and they seem useful
dimensions for considering an R&D strategy. The notion is quite simple: develop
expertise within a restricted, defined area, based on a material, a process, or a
product (family). In creating an R&D strategy, it probably makes sense to develop an
expertise that addresses an intersection of afly three dimensions.

Suggestions for developing targeted expertise that reflect some current
Canadian advantage include four materials: aluminum, magnesium, plastic
composites, and natural gas. The strategy would be to build Canadian experience
and expertise in the automotive use and application of these materials, including
processing and manufacturing products from them. Broad experience and expertise
should draw associated R&D work to Canada.

One clear way to bolster such efforts would be to create a center of expertise
in a selected material(s) at a Canadian university or a consortium of universities.
This would not only provide an initial R&D effort, but would also contribute to the
supply of technical workers and engineers with expertise in that material. Another
path to build upon Canada’s material strengths could involve the encouragement of
strong Canadian materials firms to enter or increase their activity in supplying
automotive demand, pursuing the expansion of automotive business upstream into
product markets for parts and components. Some of these companies, such as Alcan
and Stelco, are sufficiently large to support the R&D levels that will be required of
major or "first tier" suppliers, while few of Canada’s traditional automotive part and
component suppliers are.

Identified areas of needed R&D expertise that bear no particular relationship
to Canada’s current advantages include the development of an Intelligent Vehicle
Highway System (IVHS) center of expertise. The development of sophisticated
communication between the vehicle and highway, spanning a range of information
and control functions, seems an eventual certainty. IVHS offers significant savings in
time and fuel consumption, permits denser usage of highways, and promises sharp
reductions in accidents. The only question appears to be when it will develop. While
extensive research and development efforts are currently being invested in IVHS, no
clear centers of expertise have emerged, and efforts in Asia, North America, and
Western Europe are still somewhat fragmented. A concerted effort to develop such a
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center might well pay handsome dividends. It is important that while Canada
perhaps has no special advantage in this area, neither do other countries, and
Canada does not appear to have any particular disadvantage. Indeed, Canada’s
strengths in telecommunications might even be construed as a comparative
advantage.

IVHS is an example of an emerging area of R&D activity, and as such should
be attractive to Canada. New and emerging areas of expertise provide Canada the
opportunity to pursue R&D without challenging the established tradition and
expertise of U.S. R&D centers, removing one of the major comparative weaknesses
that Canada faces. The same logic applies to expanding R&D activities, such as
testing. The demand for product testing has increased significantly, and the Big
Three seem open to sourcing many kinds of testing from outside their traditional
R&D functions, rather than expanding their own activities. It is possible that
developing specialized testing capabilities can eventually lead to developmental
expertise, as the tester incorporates upstream activities.

Government policy and efforts. While some of our respondents mentioned
direct government incentives as factors in R&D siting decisions, most viewed these
incentives as of marginal importance at best. For example, tax credits for R&D are
fine, but they are simply not very important in the broader scheme of R&D costs and
purposes. Nevertheless, tax credits that disap]]l)lear upon closer examination mRiELht
well become a disincentive for locating R&D facilities. The narrow definition of R&D
applied by Revenue Canada and the rather broad and loose definition commonly
employed in the automotive industry sets up potentially serious misunderstandings.

Unfortunately, government action that is most likely to be effective in
securing sustainable R&D is more likely to be found in longer-term efforts, such as
educational policies that yield the appropriate human resources and general policies
that influence the business environment. To be sure, tax credits may be an
important element of such strategies, but they will have little direct effect. One
reason for this is that they in fact typically have relatively small effect on the total
costs of R&D.12

If government policies are more effectively targeted to long-term strategies, or
to more automotive targeted support activities, our respondents did raise one
particular concern that calls for targeted government action. Nearly every
respondent had an anecdote about terrible problems encountered in moving R&D
material between Canada and the United States. These problems at the border have
largely been resolved by the Auto Pact in regard to products, but remain in physical
and intellectual R&D property. This seriously reduces any proximity advantage that
southern Ontario might have, because it effectively makes it farther away, in a time
sense, than it is in a physical sense. This issue may be important in the coming
years. As R&D moves to suppliers, many suppliers will be seeking to establish R&D
facilities close to Detroit. These new and/or added facilities are targets of
opportunity for Canada, but they are unlikely to locate in the Windsor area if the
border represents a time and cost penalty.

12Appendix I provides estimates of the actual dollar values of such credits: they are indeed remarkably small as a percent of R&D
expenditures.
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Many automotive companies are currently under business pressure to expand
their R&D activities, particularly those independent supplier companies that wish to
remain or become major, key suppliers in the emerging industry, and ES firms that
hope to offer full service capability to the manufacturers. Some of these companies
will want to locate close to Detroit, and Ontario might compete for their new
facilities. One government activity that might enhance Ontario’s competitiveness
would be an easy immigration policy for technical and en%i.neering personnel, and
perhaps even a targeted recruitment of such immigrants. Securing R&D personnel
experienced in automotive work would provide a ready labor supply and overcome a
major weakness in Canada: the lack of an experienced automotive R&D cadre.

Human resource strategies. Our respondents were in some disagreement as
to whether Canada had the requisite technical personnel to support a major effort to
attract automotive R&D, and whether expanded training at the university level was
required to supply such personnel. Several respondents suggested that Canada has
sufficient trained personnel, but that they lack the critical experience of working in
the automotive industry. In a sense, this presents Canada with a dilemma: it lacks
appropriately skilled personnel to attract automotive R&D because it does not
perform enough automotive R&D, but it cannot develop the people to attract such
work until it does more. At the same time, Canada faces some risk as automotive
R&D shifts from the manufacturers to part suppliers and ES firms, as our
respondents expect, because Canada’s automotive endowment is weaker in these
areas than in vehicle assembly.

One respondent suggested a strategy that might address both of these
concerns. He recommends that Canada support the development of an automotive
R&D service function, providing laboratory space and technical/engineering
personnel at reasonable fees to user companies. The companies would provide some
personnel, the R&D agenda, and support the cost of specific project equipment,
material, and so on. This should not be the typical incubator approach popular in
economic development circles, where the object is to subsidize the initial efforts of
companies, some of which will establish successful presences in the local economy.
This is more in the nature of a "rent-a-skunk-works," and would provide a training
ground for Canadian R&D personnel, as well as attractive housing for the
presumably expanding R&D efforts of many supplier companies. An alternative
possibility would be to establish an automotive R&D laboratory that would provide
"full-service" automotive R&D, simply taking on entire projects on a contract basis.
However, this variant might have more difficulty attracting clients for the simple
reason that there is no clear reason why a company should use its service. A "full-
service" labolratory might be an appropriate spin-off after a period of successful years
as a "rent-a-lab."

Another respondent suggested something that combines both the previous
strategies, and that is to establish a broad-based automotive research laboratory at a
Canadian university, providing a ready source for contract R&D, and gradually over
the years developing needed areas of expertise. He estimates that a serious effort of
this type would require the commitment of up to $100 million, and the efforts of
numerous people. He notes that the university would benefit as well, since, in his
view, none of the Canadian universities are particularly strong in mechanical
engineering, and an automotive R&D lab might foster such a strength.
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A longer-term strategy that involves drawing on the Canadian university base
reflects the concerns of many in the automotive industry about the extreme
separation of engineering disciplines. In particular, the automotive industry
increasingly requires engineers that are conversant in both mechanical and
electrical/electronics engineering. A Canadian university that developed an
intﬁfrated program in these two specialties would not only supply personnel that
would attract automotive activity to Canada, but would be a ready location for R&D
work that spans these two historically separate disciplines. A similar program that
integrated tge disciplines of mechanical and industrial/operations engineering might
play a similar role in the face of the increasing integration of product and process
engineering in the automotive industry.

Beyond the integration of two or more engineering disciplines, it is clear that
the traditional North American industry needs to adopt more of a systems approach
to the design and execution of the myriad tasks required to produce a vehicle. Again,
Canada might try to establish a clear center of expertise in the area of systems
engineering, systems management, or even the integration of these engineering and
business disciplines.

All of these human resource strategies require establishing some source of
cross-disciplinary or multi-disciplinary expertise. The disciplines that would properly
be involved would include, at a minimum, all engineering disciplines, perhaps
especially mechanical, electrical, and materials. A strong systems orientation might
require the addition of industrial/operations engineering, as well as the various
management disciplines. Since there clearly are limits to the individual’s capability
of developing true expertise across a number of fields, this training and development
would build a broad awareness and appreciation of other disciplines, anchored upon a
specific disciplinary expertise.

An alternative strategy focus. Automotive R&D provides well-paying careers
to technical, scientific, and engineering personnel, and that is sufficient reason for
Canada to wish to enhance its R&D activity. Another source of attractive
employment in the automotive industry is in design activity, particularly vehicle
design, although this field offers far fewer jobs than does the full detailing and
engineering of the automobile. There is a continuing demand for designers as the
manufacturers seek to offer fresh and updated vehicles in the marketplace. Like
automotive R&D, detailing, and engineering, this activity has historically been
centered in the Detroit area. However, unlike those other activities, design activity
has, to a very limited extent, broken free of that traditional base, and some design
activity for the Big Three and the NAMs now takes place in California.

Two reasons are offered to explain this shift. First, designers reportedly
prefer the California life style, and, since the activity is separable, the manufacturers
are wﬂhni put it where the workforce wants to live. Second, California is a leading
edge market in North America, and the manufacturers wish to design where the
environment provides the signals and trends that will characterize the market the
cars will eventually enter. It may be possible for Canada to offer itself as a type of
leading edge market, or even a desirable living environment. Some Canadian cities,
like Toronto and Vancouver, may offer attractive living, and there may be market
niches, such as light trucks and sports/utility vehicles, where Canada might
constitute a leading edge market. How one might develop a leading edge market
position is beyond the parameters of this report, and such a strategy would, in all
probability, be immensely difficult.
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Compared to the U.S. automotive industry, the Canadian industry is relatively
heavily concentrated in final vehicle assembly activities, and relatively light in
supplier and R&D activity. That leads to the natural question that drives this study:
what can Canada do to bring its R&D activity level up to its assembly level?1? That
question assumes that the assembly comparison portrays, if not the natural
comparative level of the two industries, then at least an attainable comparative level.
It suggests that Canada has been "less successful" in the R&D arena than in
assembly. Perhaps Canada should consider a reformulated question: what can
Canada do to ensure its continued relatively high level of assembly activity? This
question raises the possibility that the R&D comparison reflects the natural or
typically attainable comparison level, and that Canada has been "more successful" in
securing assembly activity, rather than less successful in obtaining R&D. It may be
that the better question for Canada is how to build on its assembly advantages to
protect and expand that work, rather than to use it as an anchor to pursue activity in
other automotive areas such as R&D.

From a strictly industry perspective, the blurring of Canada and the United
States in the views of industry executives may render the appropriate national
concern for achieving a balanced, full-range industry somewhat moot. The
integration of Canadian and U.S. operations of the Big Three make it industrially
unimportant whether Canada--or the United States, for that matter--has a full range
industry within its national borders. Certainly it is no easy task to develop a
completely independent industry, and R&D capability may be one of the most
difficult industry elements to establish. South Korea has pursued this route, and it
clearly is lagging in its efforts to become R&D independent.

If Canada focuses on buttressing its assembly endowment, it still may secure
increased R&D work. As automotive R&D shifts more into the process area, and as
more of it is sourced from part and ES suppliers, there is a chance that Canadian
assembly plants will draw R&D work into Canada. Moreover, if Canada can become
the sole national source for a particular vehicle or platform, the R&D work associated
with the vehicle may well shift to Canada. A few of our respondents see these as
possible outcomes over the next decade.

Finally, Canada should not underrate the susceptibility of corporate
management to good, targeted marketing efforts. An aggressive, realistic campaign
to bring automotive R&D to Canada mig.rxt well pay hangome dividends. However,
there is an important caveat in regard to this strategy raised by one of our
respondents. RED location decisions are made throughout the corporate hierarchy
at the Big Three, and marketing efforts must be appropriately targeted. There is
real danger in a strategy of top-down selling, where t?le agreement of a higher level
manager inappropriately constrains the decision of a lower manager. In such
situations, the lower manager almost always can and will subvert the constraint. So
marketing efforts should address policy issues and source selection issues at the
appropriate levels of the corporation, and not attempt to circumvent the traditional
decision-making structure. -

Summary. There are a number of possible strategies for Canada to increase
its automotive R&D, some focused on enhancing Canada’s current strengths and
others on ameliorating its weaknesses. Of course, effective strategies must reflect a
realistic appraisal of the developing trends in automotive R&D as well as Canada’s

13Presumably Canada is also asking what it can do to bring supplier activity up to that level as well.
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situation and poteﬁtial. In all probability, such strategies will target efforts to
sustainable, small increments in automotive R&D.

Canada should seek to distinguish itself from other R&D locations, and this is
probably most easily accomplished in selected, targeted areas. It probably makes
sense to develop an area of R&D expertise that addresses a material, a process, a
product (family), or an intersection of all three. One clear way to bolster such efforts
would be to create a center of expertise in a selected material(s) in the Canadian
university system, or to focus on emerging areas, such as the Intelligent Vehicle
Highway System (IVHS).

Government incentives can play a role in attracting R&D, although perhaps
more through broad efforts in education and improving t%e business environment,
rather than through targeted activities like tax credits. Canada might well benefit
from an easy immigration policy for technical and engineering personnel, and
perhaps even a targeted recruitment of such immigrants, to provide an experienced
automotive R&D cadre. Government might support an automotive R&D service
function, providing services to user companies, or even establish a broad-based
automotive research laboratory at a Canadian university. Canadian universities
could strengthen programs that provide training at the interface of engineering
disciplines, or even provide training in systems approaches to engineering.

Canada must ask itself a fundamental question: should it seek to increase its
"low" rate of automotive R&D relative to the United States, or should it protect and
increase its relatively "high" rate of assembly activity?
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Appendix I

Trends in U.S. and Canadian Automotive R&D Expenditures

Dr. Sean P. McAlinden
Associate Research Scientist
OSAT/UMTRI

This section of the report reviews recent trends in automotive research and
development (R&D) expenditures in the United States and Canada. This
information is analyzed in combination with other comparative trends in overall
industrial R&D spending and capacity in the two countries. Several popular theories
on the location of R&D are also discussed. The guiding purpose of this section is not
to reach any final or original conclusions about the future of Canadian automotive
R&D, or policies designed to alter these trends. Instead, the objective of this
empirical essay is to provide a useful scale and background to the central interview
analysis portion of this study.

Levels of Automotive R & D

New motor vehicles are the second largest category of consumer durable goods
expenditures. They are also the single largest traded manufactured good worldwide.
Only the privately owned energy industry may compete with motor vehicle
manufacturing in terms of levels of annual corporate profits and revenues on a global
basis. It is also probable that no other industry generates the same level of well-paid,
private employment, or supports a wider variety of basic manufacturing industries
than motor vehicle manufacturing.

It is not surprising, then, that global competition for vehicle markets and sales
has dramatically intensified in recent years. Much is at stake, both to win or to lose.
At least twenty-five major automotive producers now compete on a multi-regional
basis in terms of sales. There is no question that their competition is fiercest in the
potentially lucrative and largest regional market, North America (U.S. and Canada),
which accounts for 37% of worldwide vehicle sales. To an increasing extent, this
competition has recently focused on differences in product offerings to consumers.
Product competition, of course, relies to a significant degree on both the
effectiveness and commitment to research and development activities that promote
innovation and manufacturing efficiency. The pace of research and innovation
should accelerate because of remaining differences in the major regional markets for
motor vehicles, and remaining differences between firms in manufacturing methods.

Research and development activities are also expected to increase in response
to a new round of regulatory requirements for vehicle safety, emissions performance,
alternative fuels, and fuel economy. Firms are once again confronted with the twin
challenges of satisfying automotive consumers in the traditional product areas of
performance, quality, styling and price, while also meeting or exceeding the demands
of the public for safety and environmental performance as expressed in government
regulations. World motor vehicle firms ﬁntf this dilemma exacerbated by differences
in pgttggns of regional requirements for emissions, safety, and fuel economy
standards.
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Definitions

It is typical to start any discussion of patterns in industrial research and
development by defining these activities. The U.S. National Science Foundation
(NSF) provides standard definitions in this area which are used in their ongoing, 30
year, annual survey measurement of U.S. industrial R&D:

Research and Development - - Basic and applied research in the sciences and
engineering and the design and development of prototypes and processes. This
definition excludes quality control, routine product testing, market research, sales
promotion, sales service, research in the social sciences or psychology, and other
nontechnological activities or routine technical services.

The survey section of NSF segregates overall industrial R&D into three
familiar areas:

Basic research - - Original investigations for the advancement of scientific
knowledge not having specific immediate commercial objectives, although
such investigations may be in fields of present or potential interest to the
reporting company.

Applied research - - Investigations directed to the discovery of new scientific
knowledge having specific commercial objectives with respect to products or
processes. This definition differs from that of basic research chiefly in terms
of the objectives of the reporting company.

Development - - Technical activities of a nonroutine nature concerned with
translating research findings or other scientific. knowledge into products or
processes. Not included are routine technical services to customers or
activities excluded from the foregoing definition of R&D.!

The underlined passages in the above NSF definitions make clear the certain
qualification of almost any product or process development expenditure as R&D,
either as applied research or as development. It is important to note here that
expenditures on styling changes or other somewhat minor refinements to current
products would also qualify generally as industrial R&D. The NSF survey, for
example, reported $58.85 billion of company funded industrial R&D spending in the
United States in 1986. Development expenditures amounted to $38.88 billion (74%),
and basic research funding constituted $2.09 billion (3.6%) of total R&D spending.?

1Nat:ional Science Foundation, Research and Development in Industry: 1987, (NSF 89-323) (Washington
D.C., 1989) pp.2-3. These definitions are, of course, quite similar in content and meaning to those used
by the OECD, or the "Frascati Manual" definition.

ZNational Science Foundation, Science and Technology Resources in U.S. Industry, NSF 88-321
(Washington D.C., 1989), p.98.
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The NSF industrial survey primarily concentrates on the measurement of U.S.
based, "company performed" research and development by U.S. located industrial
establishments. R&D expenditures or funding contracted out to other firms, or
expended outside of the United States are measured separately and not well
reported. This usually leads to differences between the NSF survey-based estimates
of industry group R&D levels and those estimated by other organizations from other
sources.

There are occasionally serious differences between NSF estimations of
industrial R&D expenditures and those available from alternative sources. This is
certainly the case for motor vehicle and equipment manufacturing. A recent
business publication, BusinessWeek, provides an industry composite of R&D
spending by 25 U.S. automotive firms that totals $10.3 billion in 1989, up 9% from
$9.4 billion in 1988. About $9.5 billion (92%) of the 1989 total was reported by the 7
traditional U.S. original equipment (OE) producers, with the remaining $.8 billion
reported by 17 large automotive suppliers.> In contrast, the NSF has recently
estimated that the the U.S. motor vehicle industry expended $7.5 billion of
company funds on R&D in 1989, a decrease from the previous year of 3.8% . In 1987,
the NSF reported that the four largest performers of R&D in the motor vehicle
accounted for 94% of the $7.3 billion in R&D spending that year.

BusinessWeek data are taken from the Compustat financial services program
which contains corporate responses required by the U.S. Securities and Exchange
Commission (SEC) on the form 10-K. The SEC does not limit the reporting of
corporate R&D funding to expenses in the United States or to company performed
(internal) activities. BusinessWeek overestimates, then, U.S. located automotive
spending on R&D since it includes expenditures made overseas, and underestimates
total U.S. global automotive R&D, since it reports for an industry composite made
up of only 25 firms.

On the other hand, NSF’s survey-based estimate of R&D funding understates
U.S. company funded automotive R&D because projections are limited to companies
located in the narrow standard industrial group classification of the motor vehicle
industry in the United States (SIC 371). Thus, expenditures from other closely
related industries such as automotive stamping (81?3465) are not included in the
NSF total. The $1.8 billion difference between the survey based NSF estimate of
$7.5 billion and the Businessweek estimate of $10.3 billion can largely be attributed
to overseas expenditures by U.S. auto firms and R&D contracted out to engineering
service firms and the like in the United States and elsewhere.*

3Innovation: The Global Race.” BusinessWeek. June 15, 1990. pp.197-198.

4Drawn from an excellent discussion of information sources on R&D in: National Science Foundation, A
Comparative Analysis of Information on National Industrial R&D Expenditures. (NSF-85-
311)(Washington D.C., 1985).
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Trends in 1980-1989

Table 1 shows estimated nominal levels for company funded and performed
R&D for the U.S. and Canadian automotive industries. These figures are compared,
for the 1980-90 period, with levels of total industrial spending (not federally funded)
in the two countries. The Canadian statistics are drawn from a single source that
did not separately list motor vehicle industry intramural R&D spending. Instead
the numbers listed under the automotive heading are were drawn from a category
titled "Other transportation equipment," listed apart from R&D spending in the
Canadian aeronautics industry.5

As shown in Table 1, company funding of industrial R&D doubled during 1980-
1989, and actually tripled in nominal terms in Canada. During the same period,
automotive R&D in the United States increased only by about 25%, with the bulk of
this rise occurring in 1983-86, a period of recovering U.S. auto profits and heavy
spending on automation and some product development. Canadian nominal,
automotive R&D actually doubled during 1980-1989, but remained fractionally far
smaller than U.S. levels of spending throughout the period.

SStatistics Canada, Industrial R&D Statistics, 1987. (Cat.-88-202). p.52.
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1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Sources:National Science Foundation, Science and Technology in U.S. Industry, (NSF 88-321), and Science Resources Studies Highlights,
(NSF 90-307) (Washington D.C.). Statistics Canada, Industrial R&D Statistics, 1987, (Cat. 88-202). Ward’s Automotive Yearbook, 52nd Ed..

Ind.
R&D

$30.48

35.42
40.48
45.04
52.73
58.48
61.73
62.80
66.50
68.5

US.US. §

Table 1
Industrial and Automotive R&D
(companies own funds, $bil.)
and Vehicle Assemblies
(millions of units)
U.S. and Canada
1980-1989
Canada (Can. $)

Auto Vehicle Ind. Auto*
R&D Assembly R&D R&D
4.30 8.01 1.36 .045
4.22 7.94 1.85 .062
4.32 6.99 2.15 .066
4.75 9.23 2.25 .079
5.38 10.94 2.52 077
6.16 11.65 3.04 .086
7.19 11.32 3.38 .097
7.30 10.93 3.50 .093
7.80 11.22 3.83 .091
7.50 10.85 4.03 .093

Wards Communications, Detroit, MI, ISBN 0-910589, 1990, p.17.
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Vehicle
Assembly

1.38
1.28
1.24
1.50
1.84
1.93
1.86
1.64
1.98
1.94

To a certain extent, the low levels of relative Canadian automotive R&D
follow a pattern of relatively low industrial R&D spending in Canada overall. In
1989, U.S. industrial R&D spending exceeded Canadian levels (in U.S. dollars) by a
factor of almost twenty to one. In fact, the U.S. motor vehicle industry by itself, or
even just one company in that industry, General Motors, expended more on
industrial R&D in 1989 than the entire Canadian economy.
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The difference in sgending on automotive R&D between the two countries can
be better understood by examining corrected figures contained in Table 2.
Automotive R&D funding levels for 1980-89 shown in Table 1 are expressed in
inflated June, 1990 dollars through an application of the motor vehicle producer
price index. Canadian figures on spen&ng were similarly inflated and then
converted to U.S. dollars using appropriate average exchange rates for each year. In
1990 dollar terms, U.S. automotive R&D can still be said to have increased by 25%
over the period, with little change since 1986. Canadian automotive R&D, however,
now shows only a 50% increase in spending per year by 1989, as opposed to the 100%
nominal increase displayed in Table 1.

Table 2 provides stark evidence on the continuing disparities in U.S./Canadian
automotive R&D spending. Columns 2 and 4 of Table 2 list R&D expenditures per
vehicle assembled in the two countries during 1980-1989. The level of claimed R&D
spending per vehicle assembled in the United States ranged between $758 for a high
and $583 for a low, with no appreciable increase apparent by the end of the period.
In Canada, the corresponding range was from $36 to $51. The final column in Table
2 shows a simple ratio of levels in column 1 and column 3, or real U.S. automotive
R&D to real Canadian automotive R&D. This ratio varied from a low of 68.5 in 1983
to a high of 107.5 in 1986.

Research Intensity

The apgarent disparity in automotive R&D between the United States and
Canada has been noted before. The Automotive Directorate has noted the low
'research intensity" of the Canadian automotive industry in terms of R&D
expenditures as a percentage of sales (0.3% in 1986).6 When this ratio is itself
divided by the comparative U.S. research intensity figure, the Canadian auto
industry appears to perform at about 10% of the level experienced in the United
States, the worst relative performance of any industry in Canada. Yet this
comparison, like the per/vehicle and R&D ratio figures contained in Table 2, may or
may not suffer from a basic misrepresentation of the actual structure of the
Canadian automotive industry.

6product and Process Development in the Canadian Automotive Sector," by the Automotive Directorate,
IS/IC, January, 1990, pp.17-23.
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Table 2
Real Automotive R&D
(e 1990, billions U.5. )
U.S. Canada

fe  F&D/ e  R&D/  R&DRatio

R&D Veh. R&D Veh. U.S./Can.
1980 $6.07 758 054 39 111.8
1981 5.24 660 .064 50 81.9
1982 5.07 726 .063 51 80.5
1983 5.46 591 074 49 68.5
1984 6.94 635 .067 36 103.6
1985 6.79 583 .069 36 98.4
1986 7.74 684 072 38 107.5
1987 7.67 702 074 45 103.6
1988 8.10 722 077 39 105.2
1989 7.58 698 079 41 95.9

Sources: See Table 1, and U.S. Department of Commerce, Bureau of Economic Analysis, Business Statistics, 1961-88.
Washington D.C.: U.S. Government Printing Office, (December 1989), p.28, and Survey of Current Business, Vol. 70, No. 7,
(July 1990), p.S-6.

The Canadian auto industry can still be fairly described as a "head without a
body." In other words, an industry overwhelmingly dominated by a large number of
final assembly plants, a few captive component plants, and a relatively small,
independent parts industry. The 1965 Auto Pact may have brought about this
curious, trade-determined structure. A pattern still exists that calls for large
imports of U.S. (and now Japanese and Korean) parts and components which are
used in the final assembly of up to two million vehicles, the majority of which are
destined for export to the United States. This pattern has produced significant
Canadian automotive trade surpluses with the United States in recent years. The
reliance on billions of dollars of imported parts and components, however, makes the
sales or dollar shipments figure for the industry highly suspect in comparisons with
other national automotive industries. A value-added basis for the U.S.-Canada R&D
comparison is more reliable, we suspect, than one based on sales levels. In 1986, the
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Canadian motor vehicle and auto parts industries shipped about $37.3 billion worth
of product. Value added in the auto industry, however, amounted to only about $6.8
billion, or 18% of shipments. Automotive R&D in 1986, according to the Automotive
Directorate, amounted to about $92 million, or 1.35% of value added.”

In 1986, the U.S. motor vehicle industry group (SIC 371) shipped about $191.5
billion in product, much of this total representing double counted sales between
suppliers and OE shipments. The sum total of industry value added, however, was
$59.2 billion, or about 31% of gross shipments. U.S. automotive R&D in 1986
according to the NSF was $7.2 billion, or about 12.2% of value added.® The ratio of
"value added R&D intensities" in Canada and the United States was roughly
1.35/12.2 or about 11%. This figure is very close to the Automotive Directorate’s
10% ratio, and should carry more meaning than a sales based comparison.

Another International Comparison

The largest national motor vehicle industry in the world is the Japanese
motor vehicle industry. In 1985, the NSF reports, the Japanese motor vehicle
industry expended $3.2 billion 1982$ on R&D, or 3.0% of sales.® Surprisingly this
total was below the 1982$ ﬁ%u.re of $5.5 billion for the U.S. motor vehicle industry,
or 3.2% of sales. Yet these figures can be misleading. Within a year and a half of
this comparison period, the U.S. dollar had fallen by about 45% against the yen, and
it could be argued that Japanese automotive R&D spending now exceeds or matches
that of U.S. industry in terms of the current cﬁevalued dollar. In any event,
aggregate R&D funding levels that are this close have little to say concerning the
competitive effectiveness of such activities. Several studies have been performed
that indicate the presence of a considerable advantage in Japanese design
productivity over levels that can be performed by U.S. OEs.10

The growth trend in Japanese industrial R&D spending has been a well-
discussed concern for its international competitors for a number of years. Japan
surpassed the United States in terms of total R&D spending as a portion of GNP in
1985 and 1986. More importantly, Japan has surpassed the United States in terms
of nondefense R&D expenditures as a portion of GNP for the last two decades, with
a 2.8% ratio to the U.S. ratio of 1.9% in 1985. The NSF has also reported that
Japanese government R&D expenditures amounted to $7.6 billion 1982$ in 1985,
compared to U.S. %:Jvernment expenditures of $46.0 billion the same year. Yet, no
less than 72% of the U.S. expenditures were committed to defense and civil space
objectives, compared to 11% for Japanese government R&D. U.S. federal
expenditures on nondefense R&D, then, amounted to only $12.9 billion versus $6.8
billion for the Japanese, in 1985.11 The subsequent dollar devaluation may have

TCanadian statistics on industry supplied by Science Council of Canada, Ottawa Canada.

8U.S. Department of Commerce, 1986 Annual Survey of Manufactures: Statistics for Industry Groups
and Industries, (M86(AS)-1) (Washington D.C., May 1988), p.1-22. o

National Science Foundation, The Science and Technology Resources of Japan: A Comparison with the
United States, (NSF 88-318)(Washington D.C., 1988), p.58.

10See for example, Kim B. Clark, Takahiro Fujimoto, and W. Bruce Chew, "Product Development in the
World Auto Industry," Brookings Papers on Economic Activity, No.3, 1987.

1 Reported in NSF 88-318, p.55.
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equated these two amounts - a strikin development considering that Japan has

roughly half the population of the United States, and that the Japanese government

{éunded nondegense R&D at twice the level of total industrial R&D funding in
anada in 1985.

R&D: Causes and Effects

There is a rich tradition of literature and research on the economic effects of
R&D, and to a lesser extent, its causality. The appealing subject of the
determinants of R&D location has, unfortunately, received less attention from
formal researchers and is being left to the focussed efforts of consultants in local
economic development. The central issue for this study is an especially rare topic:
1f;_he national location of R&D activities performed by multinational manufacturing
irms.

Factors that determine the level and the geographic location of R&D can be
usefully separated into two types. Facilitators of R&D naturally include all of the
elements that determine the productivity of or demand for such activities. In the
case of motor vehicle manutxa)acturing, this would usually involve differences in
markets and regulatory requirements. This is part of the "proximity" argument of
R&D location, and, unfortunately, unlike the case of W. Europe, the Canadian
market for motor vehicles differs only slightly from the enormous U.S. market.
Scale economies would tend to tilt such investment to the larger, essentially similar
market to the south, as might legal issues concerning patent protection.

The other half of the proximity argument seems to argue that automotive
R&D is performed best in close proximity to major customers, in the case of
automotive suppliers, or to other automotive research activities, in the case of OE
expenditures. Canada is not yet home to the headquarters of a single large or
medium motor vehicle producer. However, Detroit is certainly not so distant, one
would think, for the proximity argument to prohibit R&D work in Canada. Indeed,
proximity to Detroit might even confer a clear advantage in the case of Ontario.
The influence of these facilitators is discussed and analyzed, for the most part, in
the context of information gained from the study interviews.

The other set of factors commonly held to influence the location of R&D have
to do with certain barriers to or costs of R&D performance. This would include the
fixed cost of facilities and equipment (R&D capital), the critical cost of highly skilled
labor, and perhaps, certain communications costs. Common policy instruments for
inducing R&D activity, of course, have been public measures to reduce these costs,
either through direct subsidies such as investment tax credits, or through labor
supply measures that increase the number of suitable employees through education
or immigration. Although the interview analysis covers these issues rather
thoroughly from a field perspective, it is felt that a brief discussion in this section is
also warranted. In particular, three barriers will be discussed below: the influence of
investment tax credit policy, the ready supply of critical skilled-labor, and the
capacity of the contract engineering service sector.
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R&D Investment T;x Credits

A recent article in The Globe and Mail reviews a new Conference Board of
Canada report that found that Canada continues to offer the most generous research
and development tax breaks of any major industrialized country, yet Canadian
"industrial companies have fallen further behind international competitors in their
financial commitment to research and development." Canada’s level of total research
and development spending, from all sources, the study reported, proved to be less
than half the portion of GNP typically expended in other industrialized nations. The
tone of this article, as well apparently as that of the Conference report, is one of
bemusefitlllg)lllzt: Why haven’t Canada’s generous R&D tax breaks proven to be
successful?

In fact, there is little evidence to support the position that R&D tax breaks
have any significant influence on R&D spending or location. Paul Stoneman, a
British economist, reviews several comprehensive, empirical studies on this subject
in his impressive work on the economics of technology policy. Stoneman concludes
from his review that typical tax break schemes for R&D "have not been very
successful."’® He cites results from one thorough, multinational, survey study
performed by the well-regarded R&D economist, Edwin Mansfield, that showed an
increase of only $§1 of R&D expenditure for each $3 of tax breaks granted by the
taxing authority.¥ Furthermore, a U.S. study performed by Eisner, et.al,
determined that the effective credit rate was actually "on the order of 3-4% rather
than the (usual) statutory rate of 25%," and that they have "as yet been unable to
detect reliable evidence that the credit is having a positive impact on total R&D
expenditure."?

Stoneman notes that the formulas used in the R&D tax credit schemes may
have much to do with their ineffectiveness in promoting R&D activity. Typically the
formulas reward incremental R&D spending over a base average calculated from
prior years. They also tend to limit eligible R&D activity to certain rather arcane
definitions of basic research, which of course, may or may not lead to company,
industry, or national competitiveness. Common failings of the credit schemes
include the difficulty of using them in any strategic planning of long-term industrial
R&D by a firm, or their tendency to elicit outright confusion and resulting irritation.
In addition to this general problem, there is the fact that a considerable percentage
of operating firms (close to 40%) may not possess eligibility for tax credits because of
low levels of qualifying net income.

12D ew Fagan, "Canada’s R&D lagging despite tax credits," The Globe and Mail, June 20, 1990, p.B5.

13Paul Stoneman, The Economic Analysis of Technology Policy, Clarendon Press, Oxford, 1987, pp.201-
203.

14p 4win Mansfield, "The R&D Tax Credit and Other Technology Policy Issues,” American Economics
Review, 76:2, pp.190-194.

15g, Eisner, A. Albert, and M. Sullivan, "Tax Incentives and R&D Expenditure," paper presented at a
Conference on Qualitative Studies of R&D in Industry, CNRS, Paris, September, 1983.
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Cases in point, of course, are the various U.S. R&D tax credit schemes
employed during 1981-1990. Originally included as part of the 1981 Economic
Recovery Tax Act, the R&D tax credit originally allowed firms to apply for a 25%
credit on incremental R&D expenditures using a base of the average of the prior
three years of such funding. ’%‘Ee Tax Reform Act of 1986 lowered this incentive to
20% of incremental R&D expenditures using the same base period, and extending
the 20% credit to 65% of outside contracted research. This program lapsed on
December 31, 1989, and has been replaced by an entirely new, "temporary," scheme
employed that grants the 20% credit to an amount calculated on a new base involving
the last four years of expenditures and the use of a "fixed base percentage.” In actual
fact, the latest scheme is scheduled to lapse on December 31, 1990, when the prior,
through 1989, "scheme may or may not be reemployed." A phone call to the Internal
Revenue Service (IRS) contact revealed the unsurprising situation that no
explanatory forms or schedules were available for the current scheme as of
September, 1990.16

The IRS definition of allowable R&D for tax credit application excludes
research for styling purposes, or the modification or improvement of existing
business "components.” During the 1986-1988 period, for example, General Motors
reported an average R&D expenditure of $4.4 billion.l? GM reported an R&D
expenditure of $5.3 billion in 1989, or an gross increment of $823.3 million over the
average of the three-year base period. GM actually took a $28.6 million research and
experimentation credit in 1989, or about 17.4% of the apparent, gross increment.18
While this calculation is not exact, it suggests that about 83% of GM’s incremental
R&D expenditures did not qualify for the investment tax credit in 1989. The final
claimed tax credit represented a little over one-half of one percent of total GM
research and development expenditures. Since other national R&D tax credit
programs are quite similar to that employed in the United States, one can fully
understand the general inability of such policy to affect trends in R&D expenditure.

Demand and Supply of Skilled R&D Labor

No other area of automotive manufacturing requires a higher average level of
skilled labor input than research and development activity. An adequate supply of
trained and trainable R&D labor is essential to maintaining and improving the
product and process programs of any vehicle producer. Recent upward trends in
required cost of R&D plant and equipment actually intensify the importance of the
labor assigned to work with R&D physical capital. The cost of employing such labor,
and cost of acquiring such capital, are critical factors in determining the location of
R&D expenditures.

185ee U.S. Internal Revenue Code 1986 - -Subtitle A, Ch.1A, Part IV D, Section 41., Commerce Clearing
House, Inc.,pp.4346-4359,

17Isleported in, General Motors Corporation Form 10-K, Annual Report for the Year ended December 31,
1988, p.1-3.

18Reported in, General Motors, 1989 Annual Report, p.35.
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The U.S. eco\nomy still contains the largest number of employed engineers,
natural scientists and related technicians in the world. No less than 2.45 million
degreed engineers and natural scientists, were employed in 1988. An additional 1.27
million related engineering and science technicians and technologists can be added to
this figure, for a total of 3.73 million scientific and engineering personnel.’® A
comparable, and perhaps rather favorable figure, for the Canadian economy was 433
thousand in 1988.20 To the U.S. figure must be added almost 101,500, Ph.D.-level
natural scientists and engineers, that teach as faculty in universities and colleges, as
well as perhaps 173,000 active graduate students in these fields in 1988.21

The U.S. Department of Labor (USDOL) reports that in 1988, engineers made
up about 4.3% of total employment in the U.S. motor vehicle industry (SIC 371). A
rough count, then, for that year would be 37,000 engineers. About half of these
professionals were mechanical engineers, with the rest distributed across the fields
of electrical, material science, and industrial engineering. To this figure can be
added 27,000 natural scientists, computer programmers, and engineering and science
technicians. Altogether, the count for these occupations constitutes about 7.4% of
total employment in the industry, a not especially high proportion for the science and
engineering fields, particularly when compared to percentages in the aerospace and
electrical equipment industries.?2

The NSF surveys the number of full-time-equivalent scientists and engineers,
and related technicians solely engaged in industrial research and development. In
1987, for example, NSF estimates that the U.S. motor vehicle industry employed 50.6
thousand R&D natural scientists and engineers full-time.23 This level represents an
all-time record for such employment, at almost twice the level estimated for 1978.
Yet the NSF’s measurement differs significantly from that of the USDOL. NSF
results indicate that an almost unbelievable 79% (50.6/64.0)of total engineering and
science personnel in the industry are fully committed to R&D activities. In truth,
the 1987 NSF R&D emgloyment figure is a serious overestimate. NSF permits one
of the large responding firms (GM) to include employment of scientists and engineers
at two new nonautomotive acquisitions (Hughes Aircraft and EDS). R&D activities
at these two subsidiary firms are of such a general scale that even the NSF’s overall
gostgl%?& estimates of U.S. automotive R&D spending must be placed in serious

oubt.

19U.S. Department of Labor, Bureau of Labor Statistics, Occupational Projections and Training Data,
Bulletin 2351, (Washington D.C. April 1990), p.20-22.

20gtatistics Canada,"Labour Force and Employment by Detailed Occupation and Sex, Canada, Annual
Averages 1988," Labour Force Annual Averages, 1981-88, Cat. 71-529.

21National Science Board, Science & Engineering Indicators - 1989, (Washington D.C.: U.S. Government
Printing Office, 1989) (NSB 89-1), pp.223, 234. o

2ys, Department of Labor, Bureau of Labor Statistics, Occupational Employment Statistics Survey:
1988, (Washington D.C., 1989).Results for SIC 371.

23N'SF 88-321, p.99.

243ee the discussion of R&D employment figures for the U.S. motor vehicle industry in NSF 88-321,
p.51.
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The 1985 NSF total of 28,700 may be the most recent, reliable estimate of
R&D employment in the U.S. motor vehicle industry. This level represents a serious
decline from the 1980 peak figure of 38,200, a reduction that matches well the
considerable anecdotal information regarding reductions in Big 3 engineerin% staffs,
and the increase in contracted R&D activity to engineering service firms. The NSF
also reports that in 1985, the U.S. motor vehicle industry employed 28 engineering
and science R&D personnel per one-thousand in employment. The ratio makes
sense, for in conjunction with the 28,700 figure above, it produces a total
employment figure of about 804 thousand, which matches reasonably well the
USDOL estimate for that year of 883 thousand.

The NSF reports that 33 R&D scientists and engineers were employed per
one-thousand total employment in the Japanese motor vehicle industry in 1985.
This level of research employment intensity appears to be 18% higher than that in
the U.S. industry. However, Japanese motor vehicle producers, as well as other
industrial respondents, are not required to report the employment of R&D scientists
and engineers in full-time-equivalents, so there is little reason to expect significant
differences in industrial research employment intensity between the two countries.?
Sinziilar information for the Canadian motor vehicle industry was unavailable to this
study.

25NSF 88-318, p.58.
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Table 3
U.S. Automotive Employment
Total and R&D
(thousands)
1978-1987
NSF
(1) (2) (3) (4)
USDOL R&D Per R&D per R&D
Employ. Employ. 1000 Employee
1978 1,004.9 31.9 26 $115,600
1979 990.4 35.2 26 122,900
1980 788.8 38.2 30 135,200
1981 788.7 35.1 30 147,400
1982 699.3 30.0 31 162,900
1983 753.7 29.0 30 185,300
1984 861.7 28.6 27 211,600
1985 883.5 28.7 28 224,700
1986 872.4 33.9 38 D
1987 866.6 50.6 D D

D= Not disclosed by NSF to protect operations of individual companies.
Source: U.S. Department of Labor, Bureau of Labor Statistics, Employment and Earnings.
National Science Foundation, Science and Technology Resources in U.S. Industry, (NSF 88-321) (Washington D.C. 1989)

The most outstanding characteristic of R&D employment in the U.S. motor
vehicle industry is the NSF reported total expenditures per engineer and scientist
employed. This statistic is simply computed by dividing total industry R&D
expenditures by total industry R&D employment. In 1985, this ratio was $224,700
per R&D worker in the motor vehicle industry, or 64% higher than the $137,000 U.S.
industry average.?6 R&D cost per worker in the motor vehicle industry has always
been the highest of any industry studied by NSF, and this difference has increased in
recent gears. Since the NSF estimate of R&D expenditures excludes the funding of
non-U.S. R&D and outside contracted R&D, the higher per-employee cost of motor
vehicle R&D can result from either higher salaries or the use of more expensive
R&D plant and equipment, or both. There is evidence to believe that both reasons
have applied in recent years, with some considerable extra weight for the cost of

26NSF 88-321, p. 100.
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CAD/CAM and CAD/CAE equipment. If so, the high relative cost of R&D for the
motor vehicle industry makes decisions on location especially sensitive to differences
in the costs of capital, income taxes, and the ready ease of acquiring equipment from
outside of the location.

The NSF information discussed above can be used with recent numbers on
Canadian automotive employment to project a comparable estimate of potential
Canadian automotive R&D. In 1986, 118,200 Canadians were employed in the motor
vehicle and automotive parts manufacturing industries.??” A U.S. ratio of 28
engineering and science R&D personnel per one thousand of industry employment
projects a potential Canadian automotive R&D employment total of 4,221. This
number can be used in turn with the $224,700 per employee R&D cost figure to
project a potential of $948.6 million (U.S. $) in Canadian automotive R&D spending,
or roughly ten times the amount actually reported in Canada for 1986. This level of
R&D spending would have constituted 2.5% of the dollar value of Canadian total
automotive shipments in 1986, still less than the corresponding U.S. ratio of 3.8%.

In early 1990, General Motors (GM) announced a six month, $1 billion cost
cutting program that included reductions in expenditures for advertising, outside
consulting, new tooling, program engineering materials, travel, and product
development, as well as delays in salaried employee merit increases. Many types of
hiring were suspended as well, except for one sFecial category-500 new college
graduates, especially newly graduated engineers. Of the almost uncountable number
of expenses and programs the corporation could have cut, only the hiring of new,
technical labor was protected. This action gives evidence that the continued supply
of adequate, technical labor continues to be a necessary priority in the U.S. motor
vehicle industry.

There have been some recent concerns in the United States about the
adequacy of the science and particularly the engineering labor supply. In 1986, U.S.
colleges and universities granted a total of 213,971 "first" degrees in natural science
and engineering, larger than the sum total of 175,395 for France, W. Germany,
Japan, and the United Kingdom combined. Yet, only 77,061 of the U.S. degrees
(36%) were awarded in engineering fields, a level almost matched alone by the
Japanese graduation of 73,316 engineers (74% of the 99,668 1985 science and
engineering graduates). A striking related statistic is that the Japanese "first degree"
engineering figure represents no less than 4.4% of their of 22-year-old population,
compared to 1.9% for the United States.28

At first glance, it would appear that the U.S. supply of Ph.D. graduates in
engineering and natural science is considerably stronger than that for "first-degree"
recipients. A total of 12,974 such doctoral degrees were granted in 1986, compared to
2,961 in Japan. The lead in new engineering doctorates was smaller, 3,376 for the
US. to 1,404 for Japan, but still the United States apparently maintained a
comfortable two-to-one advantage in supply. Yet, over half of the new U.S.
engineering doctorates were granted to foreign students, a startling turnaround in
the potential competitive meaning of these figures.?2 This possibly serious problem

27Employment: data provided by Science Council of Canada.

28National Science Foundation, International Science and Technology Data Update 1988, (NSF 89-
307)(Washington D.C., 1988), pp. 44-45.

291bid, p.48-49.
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is offset by the fact that less than 5% of the graduating foreign students were citizens
of competitor nations such as Japan, France, Germany, or the United Kingdom. Of
even greater importance, perhaps, is the continuing trend in immigration of natural
scientists and engineers to the United States, which amounted to 10,746 in 1986. Of
this total, 8,389 (78%) were graduate engineers, a large portion being recent
graduates from U.S. colleges and universities.30

It can be argued that a proposed change in U.S. immigration policy regarding
"shortage" technical occupations is one of the few effective industrial policies now
pursued at the federal level by the United States. Such a liberalization would match
the general acceptance of foreign graduate students in U.S. engineering education.
R&D managers 1n the United States could enjoy, then, a truly competitive world
price for engineering and scientific talent. If domestic supply proves inadequate,
needed personnel can be imported with relative ease. Canada has, of course,
followed such a policy of selective immigration in recent years. Similar policy in the
United States would require Canada to continue, if not expand, selective immigration
policy concerning technical occupations in short supply. The true effect of targeted
immigration policy, however, on relative R&D activity is unclear, given Canada’s
position in this area.

A final observation should be made regarding the demand for, and the supply
of, engineering and science technicians. Even at this late date in 1990, the USDOL
has yet to define or track a new variety of engineering technician occupations closely
related to the use of computer equipment in the design and testing phases of product
innovation, or to the higher content of programmable electronics in durable goods
such as motor vehicles. The number of employed "drafters," or those in drafting
occupations, still forms an archaic definitional basis for labor projections in this area.
As a result, little is known in an aggregate sense, about the present or future
employment of such new technical occupations, or their training and supply
characteristics. Anecdotal evidence clearly indicates the essential importance of such
staff in R&D activity in the motor vehicle industry, and recent difficulties in finding
such employees.

Capacity for Contract Engineering

The U.S. contract engineering and research service industries are enormous
by any scale or definition. In 1987, the industry group, engineering and architectural
services (SIC 871) emplcR'ed 747,000, and generated $53.6 billion in revenues from
62,300 establishments. A separate industry group, commercial and noncommercial
research, development and testing services, employed 330,000, and generated $22.5
billion in revenues from 64,000 establishments. To these figures should be added
parts of the $54.0 billion computer programming (SIC 737) industry, which employed
637,000 in almost 40,000 establishments in 1987.31

3id, pp.40.

31U.S. Bureau of the Census, 1987 Census of Service Industries, Geographic Area Series, SC87-A-52.
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The NSF has produced a recent separate estimate for the number of
engineering and science personnel employed in the U.S. business and related services
sector in 1988. A total of 417,000 scientists and engineers were employed in these
industries in 1988. This total contained 310,000 engineers, which included 47,000
mechanical engineers and 108,000 electrical engineers.3? Additional survey results
from the NSF indicate that in 1986, 157,400 U.S. engineers reported themselves
primarillv engaged in consulting in the service-producing sector, a 200% increase over
the level reporting this activity in 1976.33

Information concerning the portion of automotive R&D contracted to the
independent engineering services is quite sketchy. The NSF reports that $2.58
billion in R&D were contracted to outside organizations by U.S. industrial firms in
1987. This represents only 4.1% of the $62.80 billion in company, industrial R&D
funding that year. A separate amount for the motor vehicle industry was not
disclosed. The NSF also reports that U.S. companies, or their foreign subsidiaries,
performed $5.02 billion in R&D in other countries in 1987, at a ratio of about 8.0% to
U.S. activity. Once again, a separate estimate for the motor vehicle industry was not
disclosed. In fact the last time the automotive, foreign R&D figure was revealed by
the NSF was 1977. That year, U.S. motor vehicle firms reported spending $514
million on foreign-source D, at a ratio of 17.8% to total R&II)) domestic funding of
$2.89 billion. There is reason (primarily 10-K form data) to believe that the NSF has
clearly underestimated both outside, contracted, and foreign sourced industrial R&D
in recent years.

The Canadian contract engineering industry generated revenues of $3.43
billion ($ Can.) in 1986, and employed 52,000 in 35,000 separate establishments.
While revenues per employee were not too distant from U.S. (SIC 871) levels, in
terms of total average revenue, the average U.S. engineering firm was almost nine
times the size of the average Canadian services firm. The Canadian computer
programming industry achieved revenues on the order of $1.11 billion in 1986, and
emplofyed almost 35,000 in 5,600 establishments. The difference with the scale of
US. firms (SIC 737) in this area is even more severe than that in contract
engineering.34

Canadian contract engineering firms exported $450 million in services in 1986,
a considerable surplus over the $25 million in imports of engineering services for that
year. The low import level for contract engineering is quite surprising. If this
surplus is the actual result of severe trade restrictions on the activities of foreign
engineering service firms in the Canadian economy, the long-term cost of this policy
may indeed outweigh the short-run trade benefits. Large, multi-national
engineering service s value higl;ljz the mobility and accessibility of their
performing staff, regardless of nationality. The same can be said for the major
customers of these firms. Residency and nationality restrictions on the movement
and placement of technical staff may be too high a price to pay for many of even the
largest of these firms, and certainly makes little sense in terms of policies designed
to promote the long-term development of such an industry. T

32National Science Board, Science & Engineering Indicators - 1989, pp.237-238.
33National Science Foundation, op. cit., p. 83

34Data for Canadian contract engineering industry provided by Science Council of Canada.
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Conclusions

The ability to derive and state conclusions on the subject of relative Canadian

automotive R&D is directly limited by the scarcity of information available to this
study. This is true despite the considerable effort made to obtain every available
source of aggregate information on the subject. Nevertheless, general findings or
observations are as follows:

The recent trends in U.S. and Canadian funding of automotive R&D still
appear to be cyclical in nature. After initial increases in the mid-1980s, growth
in funding, as reported by the OEs, appears to have leveled off, and perhaps
slightly decreased. This is an ominous development, given any reasonable
forecast of competitive and regulatory future challenges to the North
American motor vehicle industry.

The relative disparity between U.S. and Canadian automotive R&D activity is
real and still exists. On any comparative basis, automotive R&D is performed
in the United States, as much as ten times the Canadian rate.

Investment tax credit policy has little relevance to reported levels of
automotive R&D. Less than 20% of incremental spending may qualify for such
credits. There is little reason to believe that basic research, as defined, is
fundamental to the competitive performance of the industry, or even
specifically automotive R&D activity. The range of qualified tax credit activity
must be broadened for this type of policy to generate any effectiveness.

The supply of skilled labor is critical to the performance of automotive R&D.
The United States enjoys enormous advantages in this area due to the scale of
its higher education system, and relatively open immigration policies related
to shortage occupations. Canada has aggressively matched and exceeded U.S.
policy on immigration, but may lag the U.S. educational base in technical
education. Little is known about the development of new critical occupations
in automotive R&D, and a possible leverage point can be achieved by training
and supply programs in these skill areas.

Little is known, also, regarding contract engineering activity in the motor
vehicle industry. Once again, the U.S. possesses considerable relative
advantage in the scale and flexibility of its hi-tech service sector. Some
leverage could be gained by Canadian policies that exclude this sector from
trade restrictions, or certain value-added business taxes.
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Appendix IT
AUTOMOTIVE RESEARCH AND DEVELOPMENT PROJECT

I. INTRODUCTION

As we indicated in our phone call, these interviews are being conducted for two
reasons. First, we are generally interested in recent developments and changes in
the focus and patterns of automotive R&D sourcing, particularly in regard to the
roles of different functions, firms, and agencies in this process. Second, we are
interested in the geographical siting of automotive R&D, and the factors that
promote or inhibit the selection of certain location for such activity. Both of these
interests reflect our broader interest in changes in the North American industry as a
result of global competition.

As you know, automotive R&D effort can take many forms. We are particularly
interested in three types. First, basic research or "breakthrough", where the effort is
targeted on new discoveries in the basic sciences and where the applications to

roduct, process, or materials technology is speculative rather than established.

econd, developmental engineering or "innovation', where the effort builds on
established basic science and focuses on develping new product, process, or materials
technology for automotive application.  Third, applications engineering or
"adaptation”, where both the basic science and technology are established an§ the
research effort focuses on adapting or enhancing its implementation in product,
process, or materials, frequently tied to a specific developmental program. We are
interested in all three of these forms or types of automotive R&D.

While our interest focuses on the vehicle manufacturers, we are interested in the
R&D efforts of the entire industry. This includes both the Big Three and the NAM’s
(for New American Manufacturer, the North American facilities of offshore
companies). It also includes suppliers of raw materials, parts, and components
(RMPC suppliers) for new vehicles, and contract engineering, or engineering service
ﬁfrfmsi, as well. Any of these types of companies can be important sources of R&D
effort. *

Your responses will be completely confidential: nothing you tell us will be reported in
a fashion that would indicate that you or your company were the source. It is
important for our efforts that you Five us your frank opinions and views on these
issues. We realize that your schedule is quite full, and we appreciate the time you'’re
giving us. We are confident that the results of this assessment will benefit the North

American industry as it continues to change and develop.

Interviewee:
Date and time:

" Interviewer(s):
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II. LEVELS AND T\YPES OF AUTOMOTIVE R&D ACTIVITY
We are interested in both the level of automotive R&D activity and the types of
activities it encompasses, spanning breakthrough, innovation, and adaptation efforts.

1. a. First, what are some examples of breakthrough or basic research that your
company has pursued over the past ten years?

b. Second, what are some examples of innovation efforts that you have
pursued over the past ten years?

c. Third, what are some examples of adaptation that you have pursued over
the past ten years?

2. a. Considering all three kinds of R&D effort, what would you estimate the
entire North American industry, including manufacturers and both types of
suppliers, spent in total on automotive R&D during 19897

b. How about the annual average for the past five years, 1985-1989?

3. Considering the past five years of North American automotive R&D,

a. What percent of this would you estimate was funded by the Big Three?

b. By the NAM’s?

c. By the automotive RMPC suppliers?

d. By the engineering service firms?

e. By the National governments?

f. Do you expect that this distribution of R&D effort will change over the next
fivetotenyears? ~ Yes  No. (If yes) How do you expect it to change, and why do
you think it will? — 7

g. You estimate (from 3a) that % of this total R&D effort is funded by the
Big E‘hree. How do you think this is spread over GM __, Ford o and Chrysler
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4, We'd like to \develop a better understanding of how the industry’s total R&D
effort breaks out:

a. First, what percent of the total would you estimate goes to adaptation
engineering efforts, such as those tied to particular product programs versus
more innovative efforts or to breakthrough research ?

b. Second, what percent of this total adaptation engineering effort goes to
product engineering versus manufacturing or process engineering ?

c. Third, what percentage of product engineering goes to vehicle programs
____versus part/component programs ___ ?

d. Do you think there has been any shift in these expenditure patterns over
the past five years or so?

III. SOURCING OF AUTOMOTIVE R&D

5. We are also interested in how your company’s R&D budget is allocated across

different potential sources of R&D. Thinking first of adaptive engineering, what

percentage of your R&D expenditure is actually incurred in each of the following

potential sources? (READ LIST) Next, developmental? (READ LIST)
BREAKTHROUGH INNOVATION  ADAPTATION

In-house?

Other vehicle makers?

RMPC suppliers?

ES firms?

Universities?

Industry Consortia?

Any other sources?

6. What shifts, if any, do you expect to see in this allocation over the next five to
ten years? (PROBE FOR AMOUNT, NOT JUST DIRECTION.) What factors will
drive this process? o

7. What are the major factors that influence the decision to use a particular
source of R&D, say, in-house versus an engineering service firm? (PROBE: COST,
TIME, TECHNICAL EXPERTISE, EQUIPMENT, NTUAL MANUFACTURE.)
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8. In your comban , where are most of the decisions about where to source
automotive R&D made? Does this depend on the type of R&D, size of project, budget
responsibility, and so forth?

IV. GEOGRAPHICAL SITING OF AUTOMOTIVE R&D
North America offers three national sites for automotive R&D, just as it does for
production. We are interested in the distribution of automotive R&D across Canada,
Mexico, and the United States, and how that may change and develop in the future.
9. Thinking first of adaptive engineering, what percentage of total North
American 1989 R&D expenditures would you estimate were incurred in each of these
nations? (READ LIST) Next, innovation? (READ LIST) Finally, breakthrough?
(READ LIST)

BREAKTHROUGH INNOVATION  ADAPTATION
CANADA?
MEXICO?

UNITED STATES?

10. Does your company’s distribution of automotive R&D across the three
countries follow this pattern? (PROBE FOR DIFFERENCES, IF ANY.)

11.  There have been shifts in production activity across Canada, Mexico, and the
United States over the past decade. Do you think there have been any such shifts in
automotive R&D activity over that period, or would these 1989 estimates hold for
1980 as well? Does this differ across the three types of R&D: breakthrough,
innovation, and adaptation?

12. What shifts, if any, do you expect to see in this distribution over the next five
to ten years, out to 1995 or 2000? (PROBE FOR AMOUNT, NOT JUST
DIRECTION, AND WHETHER MORE OR LESS APPLICABLE TO BIG THREE,
NAM, AND ES FIRMS.) IF SHIFTS: Do these changes relate in any way to the
changed sourcing patterns we discussed earlier?

13. What are the major factors that influence the decision to site R&D in one
country or another? (PROBE: COST, TIME, TECHNICAL EXPERTISE,
IE)]gEIIgIl\él:gI;IT, EVENTUAL MANUFACTURE, GOVERNMENT AND TAX

14. In your company, where are most of the decisions about where to site
?utcill}?lotive R&D made? Does this depend on the type of R&D, size of project, and so
orth?
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156.  Does sourcing of automotive R&D or engineering from outside North America,

say in Europe or Japan, pose a significant threat to current levels of North American
activity in general, or to any of these three countries in particular? Why is that?

16.  Considering each of these countries, which one represents the preferred site
for North American automotive R&D, and why is that?
17.  Does that preference vary significantly

a. over type of R&D (breakthrough, innovation, or adaptation)?

b. by product type?

c¢. by material?

d. by process?

e. by whether the work is performed in-house or outsourced?

f. by size of expenditure?

Now we'd like to explore gour views of the suitability of these three countries as sites
for automotive R&D in a bit more detail. First, considering Canada....

18. What are Canada’s current major advantages or strengths as a site for
automotive R&D? (PROBES: Technical resources/infrastructure? Educational
infrastructure? Human resources? Government policies? Cost structure?)

19. What are its current major disadvantages or weaknesses as a site for
automotive R&D? (PROBES: Technical resources/infrastructure? Educational
infrastructure? Human resources? Government policies? Cost structure?)

20. What are the one or two changes or developments that would have the most
effect in making Canada more attractive as an automotive R&D site?

21.  Your response to question 12 indicates that you expect automotive R&D in
Canada to (grow, decrease, stay about the same). What factors will drive this
process, and do they differ for different types of companies, for example, the Big
Three versus the NAMs? (PROBE FOR TE%HNICAL, POLICY, ETC.)
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Next, considering the United States....

22. What are the U. S.’s current major advantages or strengths as a site for
automotive R&D? (PROBES: Technical resources/infrastructure? Educational
infrastructure? Human resources? Government policies? Cost structure?)

23. What are its current major disadvantages or weaknesses as a site for
automotive R&D? (PROBES: Technical resources/infrastructure? Educational
infrastructure? Human resources? Government policies? Cost structure?)

24.  What are the one or two changes in the United States that would have the
most effect in making it more attractive as an automotive R&D site?

25.  Your response to question 12 indicates that you expect automotive R&D in the
United States to (grow, decrease, stay about the same). What factors will drive this
process? (PROBE FOR TECHNICAL, POLICY, ETC.)

26. And what about Mexico? How is it positioned in regard to securing R&D work?
V. SUMMARY

27. Finally, are there any general comments or observations you’'d care to make on
genera(li?developments in automotive R&D sourcing and siting that we haven’t
covered?

THANK YOU VERY MUCH.
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Automotive News.

The Japanese-American car_..:

U.S. design centers,
American engineers

make Japan poised

for even greater sales |

First of two parts -
ndsay Chappell
e R o

First came the Japanese im-
ports. Then came the transplant

car factories. Now come the
technical centers.

e

The Big 3 are under siege once -

again.

And consistent with their
long-term view, the Japanese au-
tomakers may not see the full re-
sults until the next century.

All seven Japanese carmakers
with American factories are
operating U.S. companies that

will vastly improve their ability -

to design and engineer vehicles
for American consumers. And
most of these technical centers
are undergomg aggressive ex-

pansion
® At least $270 million is being -

sunk into new U.S. research and
design facilities — some of them
in the Big 3's home turf in Michi-

gan. ,
©® More than 2,400 designers and
engineers will be on the Ameri-
can staffs of the Japanese auto-
makers by the end of 1992.

The numbers are still modest .
by Detroit standards. Chrysler
‘Corp., for instance, will consoli-

date several thousand engineers,
designers and research and de-
velopment personnel at its new
Auburn Hill Tech Center by
1992,

But Japan's new U.S. technical
networks make one thing clear:
To pay for their investments in
new statfs, new studios and test-
ing operations, the Japanese au-
tomakers expect to sell hundreds

of thousands or millions of addi-

tional vehicles in North America
during the 1990s and beyond.
Some of America’s hottest ve-
hicles are Japanese imports born
in U.S. design studios, including:
® Nissan's 240SX, Maxima and
Pathfinder
® Toyota’s Celica, Previa mini-
van and, from a Japanese de-
signer on sabbatical, the Lexus
LS400

® Mazda’s Miata and MPV mini-

van . -

@ <
muau 3 Gmld Hirshberg in cwtomla “What was it about the Gobi that
made peopie in Americs smile? You reaily have to be here to fesi it.”

But the full integration of de-

* gign, enginéering and manufac-

turing in America is more diffi-

* cult. Because most of the

transplant factories here are al-
ready straining to fill demand for
basic products, the launch of
new vehicles by self-sufficient
U.S. subsidiaries remains years

away for many.
One exception is Honda's Ac-
cord station wagon, which will
see R&D, page 2
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California and styling: Be there or be square

s e,

In September, the king of luxury car-
makers broke down and joined a common-
ers’ club.

Mercedes-Benz AG sent designer Gerhard
Steinie to California to open an American
styling studio in [rvine. His mission: to tind
inspiration in the crowded streets of South
em California and transiate it into design
ideas for future Mercedes-Benz modeis.

“Mercedes is and aiways will be s German
car,” Steinie cautions. “But we must stay in
touch with the market around us.”"

Not to be left behind, Germany’s Volks-

AG will open a studio in Simi Valley,
thumam.h.!nrhmdythemm-
sons.

Such design m are nothing new.
Re-

in 1973, importers from Volvo to Mazda to
Subaru have gotten into the act.

Detroit acknowiedges California, too.
Ford has an exclusive contract with a pri-
vate studio there, and Chrysler and GM op~
erate design centers.

As global competition heats up, those cen-
ters will play an increasingly vital role. In
addition to generating vehicie concepts with
an American {lavor, the studios serve as
monitoring posts, keeping overseas manu-
facturers up to date on consumer trends and

page 48

Garnard Steinie: California heips Mercedes
stay in touch.

slope to seat fabrics.

“You can see any car in the world on the
streets here,” Dave Hackett, studio
director at Toyota's Caity facility. “That
kind of environment is grest for a designer.”
Toyota is spending $17 million to tripie the
dnotunopemionmdecpmdmdaim

States for each one sold in Japan.

More than that, the Japanese are now at-
tempting to develop integrated U.S. subsi-
diaries capable of designing, engineering
and producing cars and trucks in America
for America. Most of the West Coast salons
are still too young for any of their concepts
10 be in production at the Japanese trans-
phna.Butpmcautorg:-wUS.dma

Influence:

¢ Honda of America Manufacturing Inc.
will soon launch an Accord station wagon
that was designed as a joint U.S.-Japanese
endeavor.
@ Nissan Motor Co.'s next-generstion Path-
finder sport-utility — a concept originally
drafted at Nissan Design I[nternational in
San Diego — will probably be buiit at Nis-
san’s Smyrna, Tenn,, plant in the mid-1990s.
@ Nissan Design International also partici-
pated in the design of a new Stanza replace-
ment that Smyma will produce in late 1982,
@ And Subaru-[suzu Automotive Inc. in La-
{ayette, Ind., will eventually add a new Su-
blmurtolupmdncummixthnmghtbo
based on a design from Subaru Design Cen-
ter in Garden Grove, Calif. That four-yeer-
old studio has submitted at least 13 concepts
to headquarters in Japan for the project, all
of which have been rejected, according to
studio head Yujt Uemura.

apart. The concept labs focus on products
that are three to five years ahead of the
market. Few transplunt {actories even have
capacity to build for new products.
Meanwhile, studio heads in California
claim the mixture of laid-back West Coast

eunldgomuumg"mtmm‘ beumng
it to be rich in new trends.

Not everyone is convinced that California |

is the best place to experience America.
James Womack, research director of the In-
ternational Motor Vehicle Program at the
Massachusetts [nstitute of Technology, calls
the California salons “trendy” and says the
West Coast is not typical of the country.

“1f Honda really wants to seize the heart-
land, they'll take their designers out of Cali-
fornia and put them in Ohio, which is a lot
closer to real America,” Womack says.

Such 3 move isn't likely. Studio heads also
point out that young automotive designers
mwuk-umonm.%nm “To

ttract young designers, we must be here,”
Merceda Steinle says. “The California life-
style is very attractive.”

changing tastes on issues from windshield
FROM PAGE 1

begin production in the next few

weeks in Marysville, Ohio, and

which was largely and

designed by Honda Motor Co.’s

U.S. empioyees. Though based on

the Japm«e-designed Accord

sedan, wagon us.-
designed mum:nwy u. S.u:’m

and -engineered body parts and
host of U.S.-engineered compo-
nents.

Slowly but surely, the Japanese
are getting closer to integrating de-
sign, engineering and manufactur-
ing in America.

Gobi sheived

Consider the Nissan Gobi, the
concept vehicle that crossed a so-
phisticated pickup with something
off the streets of Roger Rabbit's
"Toon Town.

The cheertul little Gobi was the
brainchild of Nissan Motor Co.’s

San Diego creative team, Nissan-

Design International. It stole the
North American International
Auto Show in Detroit last January
when it was unveiled.

Nissan officials said the U.S.
manufacturing company wouid
build the low-volume vehicle. Its
U.S. engineers were aiready look-
ing into if, when and how. To ail
appearances, it was a U.S. project
using U.S. technical resources to
produce a U.S. and -en-
gineered vehicle under a Japanese

nameplate. ‘

But by summer, the whole idea
had been canned — deemed finan-
cially unfeasible.

The Gobi probably would have
required Nissan to build a second
U.S. assembly plant and strained
U.S. engineering resources. Chassis
assembly would have consumed
capacity at Nissan's plant in
Smyma, Tenn., which is currently
juggling a new Sentra, a pickup,
and plans for a second sedan and,
possibly, the Pathfinder.

The Gobi now sits in an r&d cen-
ter in Japan. Al it won't be
built, Japanese designers are
curiously scrutinizing it to leamn
how their California coileagues
tapped the American fancy.

“It's a dilficuit thing to explain

tive vice president. “What was it
about the Gobi that made people in

Toyotn Motor Co. is spending
$44 million to expand its Caity Des
sign Research [nc. in Ncwpon
Beach, Calif., adding another 20

engineers,
Isuzu Motors Ltd. occupies a

new studio in Cerritos, Calif.. Fuji -

Heavy Industries Lid. maintains a
design center in Garden Grove,
Calif., to produce concepts for its
Subaru vehicles. Even Mercedes-
Benz AG, the king of the European
imports; opened shop in September
in Irvine, Calif., to send designs
back to Germany.

Volvo AB of Sweden operates a

Nhnn‘s!ﬂnhbcg,afom&m-‘

ing star in design at General
Motors, came to Nissan and to Cal-
ifornia 11 years ago to find new,
creative opportunities. His story is
nutunumalmougt.hemdiuup
and down the coast.

“It's a wondertul feeling to de-
sign a car the way you think it
should look, and to have the come
panyukﬂhedrswinzmdbuﬂdlt

like you explains.
“u umy wiulo our surface more
than three millimeters, [ get letters
of apology trom Japan.”

Adds Dave Hackett, a former
Ford Motor Co. designer who is
now studio director at Toyota's
Caity: “In Detroit, you're too close
to some vice president’s office. It's
t00 easy for the business guys to
drop around to see what you're
doing. After a while, you know
what they think, so you sort of
censor yourself.”

Tles that bind

Japan's burgeoning U.S. techni-
cal centers are proving adept at
translating drawings from Japan
into machinery and components
that meet U.S. specifications.

Takeshi Tanuma, CE0 of Nissan Ressarch and Deveiopment, at his rising new lmlm in Michigan: “We need good

engineers . . . and 30 percent of all U.3. automotive engineers live in this ares.”

But marshalling cohesive U.S.
car-producing machines couid be a
slow process. So far, the path trom
the California studios to the trans-
plant factories still winds its way
through the Japanese tech centers.

Nissan Design [nternational's
240SX design, for example, went
to Jtpm {or production, while Nise
san's Smyrna plant concentrates
on producing the Japanese-
spawned Sentra.

“1t will take at least a decade to
bring these operations up to
speed,” says James Womack, re-
search director for the Interna-
tional Motor Vehicle Program at
the Massachusetts [nstitute of
Technology.

“It will take young people who
can learn the company's way of
doing things trom the ground up,”
Womack said. “And it will take a
lot of domestic suppliers who will

have to learn new methods of
operating. [ predict we will only
begin to see the reai results of these
moves in the next century.”

Yet the moves continue. Nissan
has nearly completed a $50-million
r&d center in Farmington Hills,
Mich., in the heart of Big 3 coune
try, where it will employ a techni«
cal staff of almost 500. A second
Nissan office in Ann Arbor, Mich.,
now conducts engine and power-
train research: an indication of the
carmaker’s plans to open a U.S.
engine plant.

Little by little, Nissan’s U.S. op-
eration is gaining experience in ve-
hicle development.

The two-door Sentra that went
into production this fall was
largely U.S.-engineered from Japa-
nese chy modeis. A new Stanza
slated for modei-year 1992 produc-
tion in Smyrna will have consider-

ably more U.S. invoivement.

Mare expansion

At the same time, Toyota Motor
Co. is midway through a technical
expansion across the United States
that will boost product and compo-
nent-engineering personnel from
180 now to about 600 in four years.

Toyota just kicked off a $45 mil-
lion expansion of its Toyota Teche
nical Center in Ann Arbor, Mich.
That project follows last year's
opening of a Southfleld, Mich.,
center to handle dnign engn-
neering on body paneis and

Toyota aiso announced :ms
that it would develop a lz.m-am
vehicle proving ground in Arizona
— one of the country’s largest.

Honda Motor Co. Ltd. has com-
mitted at least $27 million to ex-
panding Honda Research and De-

ses A&D, page 43
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velopment North America in

ille, Ohio. The project — re-

ferred to as the “first phase” —

will nearly doubie the Ohio staff to

300 in the early 1990s. The closely

tied Honda Engineering North
America in ille will be

from about 180 technicians
to about 300, with more réd ex-
pansions likely to follow.
Expansion of the two Honda en-
gineering subsidiaries will boost its
total U.S. r&d staffing over the
next two or three years from the
current 300 to more than 800.
Isuzu, which owns 49 percent of
the Subaru-lsuzu Automotive Inc.

ré&d office, where it eventually
plans to employ 150 in component
engineering, engine testing and
technical

Nissan's r&d operation in Michi-
gan, is bullish on growing technical
roots in America.

“We need good engineers. in
America in order to produce
American cars, and 80 percent of
all U.S. automotive engineers live
in this ares.” he says.

“Most U.S. suppliers have opers-
glm here. How can we establish
we live in Tokyo? How can you
way of living if you live in Tokye,
in a Japanese house, and drive on
Japanese highways”

Grand strategies

Why bother recreating

percent of the U.S. car market?
An obvious reason is Japan's de-
gire to keep up with an evolving
American customner. Subtie market
shifts — like the demand for cur-

worid of U.S.-Japanese trade pali-
tics. Congress and US. trade offi-
cials continue to pressure Japanese
automakers to use mare American-
made components. As the trans-
plants commit themselves to pur-
chasing greater volumes of U.S.
parts, they are virtually bound by
logistics to open technical centers
to make it possible.

In addition, the expense of the
technical centers and statf counts
as domestic content. Higher do-
mestic content opens import-ex-
port doors and can be of advantage
i:‘dcunnaﬁn; corporate average

economy.
All of the centers are taking on a
growing list of duties: qualifying
suppliers, helping suppliers de-
velop new components, and testing
the final products. Travel time is
reduced for U.S.-based manutsc-
the level of U.S. componentry in
the cars is slowly increasing.

tionships with these people if

L iRELE:
iggsgﬁa' ‘5

Honda's decision to build the
‘wagon prototype in-house rather
than though a U.S. prototype shop,
as the Big 3 commonly do, illus-
trates lingering differences be-
tve;n the transplants and the

Big 3.
Initially, Honda officials were
ennwmdth;tnenﬂtymmu

the greatest
the expanding American réd and
dexign operations may be simple
convenience. Considerable devel-
opment work still takes place in
Japan, requiring suppliers and
U.S. statfs to shuttle back and
tu;mymmud
runs.

Suppliers for Nissan's two-door

g
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Sentra project still had to take nu- | -

merous trips to Japan for proto-
typing, even though the model was
largely engineered in Tennessee.
Work on Nissan's next US. car in
1982 will mean numerous trips
only as far as the Detroit suburbs.

VlhoreJapanon automakers have — -
research & design facilities

Torrancs, Cai 1975
Marysvile, Ohio 1985
Honds Engincaring North America
Marysvilie, Ohio 1983
tsuzn Tochaical Conter of Americs inc.
Caritos, Call. 1985
Plymouth, Mich. 1990

/

&
1]

presadent
Nobory Hashimoto,
semor vics prasident

Ryo Milkawa, president

lidra Watanabs,

premdent

Susurny Goto,
vice prasident/
genera manager

Mazda Ressarch and Development of North Ammartcs inc.

irvine, Cait 1972
Ann Arbor, Mich, 1988
Rat Rock, Mich, 1988
Mitawbishi Desiga Sweie )
Cypress, Caid. 1973
Mitsubishi Moters of America
Southfield, Mich. 1984
Missaa Design interastions!
San Diego 9
Nissas Ressarch & Develepment
Plymouth, Mich. 1983
Ann Arbor, Mich. 1978
Subars Tochnies! Coster
. Garden Grove, Ca. wn
"] Subars Ressareh and Design
i Garden Grove, Cail. 1986
“| Caity Design Anssarsh lnc. (Toyota)
. Newport Baach, Caif, 1973
Toyots Techaical Contor .34, Jac.
Gardens, Calif. 1w
Torrance, Caiit. wn
Southfield, Mich. 1989
Ann Arbor, Mich. 1984
San Francisco 1989
Lexington, Ky. 1989
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4
]

o Camenta. Cadt

presacent

Hiroshi Oaelld,
CXaCHIve Vice president
Hiroshi 02ei,
cucuve Vics president

T. Onanouwe

H. Yoshzawa
Hidehiro {zuia

Takeshi Tanuma,

Kanumasa Katoh,
Qenaral manager

Waker Bigoers

Yuii Usmura

Hiromid Ohba,
xcbve vice president

Kanji o

t
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1988, 10 Syivia Vogel,
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Air conditioning system enginesring;
local parts sourcing.

Design enginesring of vehicles.

Test prototype vehicies for U.S. market.
Design engineering for body-pane, trim
COMPONENtS; develop new Production
technology: provide technical support 1o
North American manutacturing plants.
Evaiusts prowtype parts: EPA emissions
certification,

Tocmu-;mmrmmm.
Technical support for Toyota plant.
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Japanese, Big 3
will compete next
for design talent

Second of two para

e 2 o

Al Paima, 26, went to work last
year for Toyota Motor Co. as a ve-
hicle designer. .

A recent graduate of the Art
Center College of Design in Pasa-
dena, Calif., Paima mulled over the
career question that more and
more young automotive profession-
als will face in coming decades:
whether 0 go to work for a Big 3
American automaker in Detroit, or
whether to work for the Japanese.

“1 talked to General Motors,”
says Paima who ended up doing a
four-month GM internship before
going to Toyota’s California vehicle
design studio. “I didn't think about
whether I would end up with a do-
mestic company or a Japanese
company. To me it was all design.”

Half of the graduates of the na-
tion’s two leading automotive de-
sign schools — the Art Center and
the Center for Creative Studies in
Detroit — now opt for jobs with
the Japanese, according to pro-
gram directors at the schools. A de-

& | didn’t think whether
| would end up with a

domestic company or a
- Japanese company. To

me it was all design. @
3 Al Paima
Toyota vehicie designer

cade ago, the Big 3 had their pick
of design and engineering gradu-
ates acruss the country.

Not only are the Japanese bat-
tering away at the Big 3's mar-
ket positions — now, faced with
the construction of large new Japa-
nese technical centers in Michigan,
Ohio and California, the Big 3 ha-
ve to compete for the engineers, de-
signers and computer science tech-
nicians who represent their future.

In the short run, the big Ameri-
can companies continue to attract
and keep their share of good engi-
neers and desi from the top

] page 51

-

page 50
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California studm gives American flair to Mazda designs

By Peter Srown
)

IRVINE, Calif. — Hovering over
the airy atrium of the Mazda tech-
nical center here are shapes as rec-
ognizable as a Coke bottle: the
front and rear fenders of the MX-§
Miata.

Tom Matano drove the people at
Mazda crazy when he constructed
those white shapes high into the
white wall 2% years ago — nearly

8 year before the petite roadster.

was to be unveiled publicly.

Back then, when bhe was askad
about the mysterious quarter
panels, “I said, 'Oh, that's the re-
jects that we sent to Japan. Mazda
didn't like it, but we like it, s0 we
put it up there, " Matano recalls

TECHNICIANS

engineering

A stream of top Big 3 people
have gone to the Japanese auto-
makers during the past decade. But
so large and deep are the engi-
neering and product planning
staffs at General Motors, Ford
Motor Co. and Chrysler Corp. that
recruiting young technicians isn't a
problem, Big 3 executives say.

mast unaitered by Mazda designers
in Hiroshima.

“We used to say our design (in
California) is wine and butter,”
says Matano, the 43-year-old vice
president for product design and
devdopment at Mazda Research

and Development of North Amer-
ica Inc. Back in Japan, “they put
vinegar and soy sauce in it to tone
it down.”

The Mazda dexign studios in Ir-
vine are like a mini version of a
Big 3 design operation. Clay
modeis of concept vehicles and
prototypes of imminent vehicles
sit, veiled or unveiled, awaiting
more tweaks.

In one studio, Matano's staff just
finished a pink concept car. It rides
long and low for highway driving,
but it shortens and raises itself
over a telescoping steel beam to

create a tall, short “city car” for
congested areas and easy parking.

Like California studios of other
Japanese automakers, Matano's
Mazda studio brings the Amencan
perspective to an international
company. And it has offered crea-
tive work to young designers who
might othcvm have ended up in
Detroit.

Among his design staff of 22 are
One is Mark J«-

Matano, his long black hair
flowing over his black Benetton
sweatshirt, is Japanese, interna-
tional and as American as the ap-
peal of the Miata.

At 2], and speaking no English,
be left his native Japan to study at
Art Center College of Design in

Pasadena, Calif. He wanted to
study environmental design, but
found that he couldn't draw interi-
ors of buildings. So in his appiica-
tion, he drew cars and was admit-
ted to study automotive design.

Motors Technical Center in War-
ren, Mich.. for 18 months, then
moved to General Motors Holden's
Automotive Lid. in Australia for
8% years. A l4-month stint at
BMW AG in Munich, West Ger-
many, ended seven years ago with
his return to California when
Mazda called.

In virtually unaccented and per-
fectly idiomatic English, he is a
funny and enchanting staryteiler.

He says, for exampie, that he
first tigured he could make it in
America when he discovered he

preferred the lukewarm coffee
served here to the scaiding hot cof-
fee of Japan. These days, he eats
lunch at an Italian restaurant four
days a week — so that if he works
in Italy he will have absorbed the

But the design work is no joke.
The Mazda studio produced the
basic designs of the Miata, the pop-
ular MPV minivan and the MX-§

coupe.

Mazda design aims at a clear
brand identity. Matano says the
next generation of the 626 mter-
mediate sedan, due in the 1992
model year, will share some of the
flavor of the Miata.

The Irvine studio is expected to
influence all Mazda cars, Matano
says — “not just one car straight
h:l. our design, and another not
atall”

The Japanese have little choice but to raid the
Big 3 for U.S. personnel. They can't risk the
political damnation of importing farge staffs of
experienced designers and engineers from Japan,
although most of the burgeoning operations have
small numbers of transplanted technicians.

A few of the Jap new-
comers to southeast Michigan are
learning just how different the US.
labor market is from Japan, where
an employee typically spends his
career with the same company.

But in the long run, the new
competition for professionals pres-
ents one more chailenge for the
Big 3.

The arrival of the Japanese in
the Midwest guarantees a tight-
ening of industry personnel prob-
lems. Those problems include a
dearth of qualified engineers, ever-
escalating wage competition and
the constant loss of trained and
trusted personnel to competitors.

Existing plans cail for Japanese
carmakers to have some 2,400 US.
engineers and designers on staff by
1992, up from about 1,350 last year
and virtuaily no one 15 years ago.
The growth of these staffs is
spurred by the Japanese makers’
desire to create more seif-sufficient
U.S. car companies,

Since most of the Japanese re-
search and development and de-
sign companies are still growing,
the number of designers and engi-
neers will likely go even higher.

Automakers such as Toyota
Motor Co., Nissan Motor Co., Isuzu
Motors, Mitsubishi Motors and
Mazda Motor Corp. are all operat-
ing or technical centers
in the Detroit ares, in addition to
the vehicie design studios they
maintain in California.

Honda Motor Co. is expanding
its product-developing Honda
R&D North America Inc. staff in
Marysville, Ohio, to 300 empioyees
bynmym up from abcut 178

Combmed Honda technical
staifs in Ohio, California and

Michigan will grow from about 480

people today to more than 900
during the next two or three years.

The Marysville expnmion is res
ferred to as “Phase One.” In keep-
ing with Honda's aggressive U.S.
posture, a Phase Two — requiring
more recruits — can't be {ar be-
hind.

To find the people they need, the
Japanese have largely gone to the
U.S. automotive home turf. Honda
has run newspaper ads in Detroit
and elsewhere featuring a 24-hour,

tall-free number to beip reel in en-

At Nissan's vehicle and
parts development center in Ply-
mouth, Mich., recruiters have
hosted job fairs that allow engi-
neers to sit and discuss career op-
portunities in & casual after-hours
environment.

Nissan Research and Develop-
ment hopes to have about 500
technical personnel by next year,
up from a couple of hundred two
years ago. The group will be
nearly completed, $30
million center in Farmington Hills,
Mich., where it will direct engi-
neering for Nissan's expanding
North American manufacturing
base.

The company’s car and truck
plant in Smyrna, Tenn., maintains
its own 200-engineer staff.

About three-fourths of Nissan
R&D's current engineering staff
came from other automotive com-
panies, both Big 3 and supphm
About half of Honda's staff did.

The Japanese have littie choice
but to raid the Big 3 for U.S. per-
sonnel. They can't risk the political
damnation of importing large
staffs of experienced and
engineers from Japln. although
most of the opera
have small numbers of trans-
planted technicians.

The other alternative, training
non-automotive people kom the

parent at Toyota’s Calty Design
Research Inc. in Newport Beach,
Calif. Studio director Dave Hack-
ett came to the company {rom
Ford, as did chief Allan
Buyze and project manager David
Doyle. Senior chiet designer
Dennis Campbell joined from
Carysler. Others on the mostly
young, 40-member staff aiso came
from the domestics.

Whatever the source of person-
nel, the mixture is working. Caity
has turned out such Detroit-
stompers as the Previa minivan
and the recent Celica. Other US.
studios came up with concepts for
the Mazda Miata and MPV mini-

tions -

van and the Nissan 240SX and
Pathfinder sport-utility.

Big 3 managers play down the
growing people competition, but
the Detroit industry establishment
is showing signs of strain.

pamndnu'muumu

of transportation design at De-
troit’s Center for Creative Studies.
Even though the salaries are
roughly the same if the cost of liv-
ing is factored in, the higher num-
:hs dazzle many young people, he

The competition goes far beyond
the Big 3. Independent studios,
prototype shops and

For a year, C&C has tried and
failed to fill a position for a struc-
tural engineer, Williams says. After
months of advertising for nine
other engineering openings, Wil-
liams finaily stopped looking in the
United Suta and brought in re-
cruits from Great Britain.

Nissan’s Michigan recruitment
effort has aiso been slow. For the
past two years, officials there have
advertised for hundreds of engi-
neers, conducted a series of well-

Even without the new chal-
lngetzunhpnnuempm'
t.hn Smhu.ng huge po-
maintaining

The pool of
aumﬁwwm:l

E

" the University of Michigan,
" Purdue University and the Uni-
versity of lllinois remain a cru-
cial source of young blood for
Detroit's technical centers, the

picking is getting slimmer.
Accordmg to the National
Science Foundation in Wash-
majors have

numbcotmdmumeom;mc
programming analysis, a cor-

Wanted: young auto engineers

nerstone for modern research
and development, fell from 10
percent of enrollment in 1982 to
3 percent by decade’s end.
“Industry demand for these
disciplines {s increasing while
the supply of people is falling,"
reports Carlos Kruytbosch,
goup director for the founda-
m:mmw
indicators otfice. “The gap is
getting wider. My own analysis
i:hthan'nhud.dtorm

The repercussions of a tech-
nical labor shortage for such a
strategically vital business as
the automotive industry are
great, officials among both the
domestic and the Japanese auto
companies agree. Most are

university programs to
encourage math, engineering
and acience study.

- Lindsay Chappedl

attended job fairs and interviewed
candidates. But about 100 of the
planned 500 siots remain open.
Had the company pursued an in-
itial plan of buuding the engi-

in Smyma, says luring automotive
professionais to Tennessee was a
chore. Despite the lower cost of
living there, few engineers were
willing to trade a high-paying
Mignnn)obloromm'ram
with a smaller company at roughly
the same salary level.

John Collandro, Nissan R&D's
manager of human resources, sug-
gests that switching from a Detroit
company to Nissan is more than a
career hop. It's a change t0 a new
philosophy, he says. Engineers at

isnn—uuunonhehpmee
eompunu—ptrduplumplm

ticipate in early design and proto-

typing stages.

The allure of a growing
company doesn’t always win out,
reparts H.H. Kluver, owner of The
Henry Group, a Detroit-area exec-
utive search, recruiting and con-
sulting firm.

The new Japanese companies are
still relatively smail, and the op-
portunity for upward advancement
is not great, he says. Mid-level en-
gineers at the transplant com-
panies can succeed 10 a point, but
the best jobs are often retained by
Japanese, he says. Most of the 22

Japanese vehicle design studios
and technical centers in the United
States have key designers and en-

gineers who are alumni of the
mg 3. Yet all studios and mast of
the tech centers have a Japanese
senior official.

Michael Flynn, associate director
of the University of Michigan’s Of-
fice for the Study of Automotive
Transportation, believes that the
whole push to build U.S. technical
statfs by the Japanese could be
bampered by the difficulties of hir-
ing and keeping Americans. He
contends the Japanese carmakers
areata d!ndvmu:c in competing
for employees here.

“The Japanese automotive trade
doesn’t face the competition for
young engineers that it does in
America,” Flynn notes. “Interviews
with U.S. engineering graduates
consistently reveal that ‘automo-
tive’ ranks near the bottom of job
preferences, behind the
defense industries and other
trades. It isn’t like that in Japan.”

Finding enough peopie has been
hard enough. Finding the right
people, enthusiastic about Japa-
nese management attitudes and
practices, could be even harder.
While the new tirms hire freely
among their U.S. competitors, they
avoid bringing in large statfs of
former Big 3 empioyees, a move
that could upset their own corpo-
rate mnnu.

With technical centers

_{rom Michigan to Tennessee to

Japanese automakers

are making a new challenge for the
future.



