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ABSTRACT. Empirical evidence from a sample of indepen-
dent and privately held specialized suppliers al of which are
engaged in forma R&D activities shows that specific R& D-
related capabilities are determinants of different types of
export performance. The major contribution of this paper isto
take into account traditional measures of R&D activities as
well as a broad range of R& D-related capabilities to further
our understanding of the export behavior of SMEs in terms
of volume and final destination of sales. Results suggest that
the set of determinants varies with firms’ internationalization
process. In particular, determinants associated with the more
global firms are significantly at odds with our traditional
conception of asmall firm and appear to be more aligned with
the behavior generally found in proactive large exporters.

1. Introduction

International markets can be very attractive for
small manufacturing enterprises (SMEs) as they
represent significant opportunities for growth.
Although incentives to export may vary, and in
spite of arguments against exporting such as
limited resources, numerous studies have reported
examples of SMEs active outside their national
borders and capable of facing international com-
petition [Bonaccorsi, 1992; Samuels et al., 1992].
While showing dynamism and a willingness to
engage in international activities, those firms
cannot, however, escape today’'s technology-
oriented competition.

For all the rich literature published on export
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performance in the last two decades, only alimited
number of studies have addressed technological
issues. In the case of small businesses, previous
studies have failed to produce consistent resultsin
examining the relationship between technology
and export performance and, more specifically,
between research and development (R&D) and
export performance. This may be because the
measure usually used, namely R&D as a per-
centage of sales, remain too limited to provide any
significant discriminatory power. It is argued here
that more investmentsin R&D activities, although
crucial, are not sufficient to gain a competitive
advantage on export markets without also relying
on other R& D-related capabilities. These capabil-
ities correspond to the level of investment in
human capital in the form of highly qualified
technical and scientific personnel, the relative
emphasis placed on the various R&D strategies,
the extent of the different forms of R&D collab-
oration with external partners and the extent of use
of the various sources of information for R&D
activities. A closer analysis of these R&D-related
capabilities may well shed some light on the
previous contradictory results concerning R&D
and SMES' export performance.

The focus of the present study is therefore
clearly directed towards considering a wide variety
of R&D-related capabilities and assessing their
relationship with SMES export performance.
More specifically, we will attempt to address the
following research questions:

i) Which R&D-related capabilities (including
R&D intensity) best discriminate the non-
exporters from the active exporters? Further,
which of these capabilities discriminate
exporters based upon the final destination of
the exports?

ii) Which R&D-related capabilities are the
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strongest determinants of export intensity
according to different export destinations?

Some answers to these questions are provided,
based on a detailed study conducted on a sample
of small independent firms engaged in R&D
activities which correspond to the profile of firms
described by Pavitt (1984) as “specialized sup-
pliers’. These firms were chosen for three main
reasons. First, if innovative efforts are assumed
to go beyond R&D investments, all firms, for
the sake of comparison, should have a common
denominator and should therefore be actively
engaged in R&D activities. Second, when studying
efforts related to technological innovation, firms
should belong to the same “technological family”
(Pavitt et al., 1989, p. 85) based on sectors of
production and use of innovation. Third, special-
ized suppliers play a major role in industrialized
economies, especially small ones where scale-
intensive firms cannot rely on a large domestic
market.

2. Study background

2.1. Technological innovation and export
performance

Past empirical research on the determinants of
export performance is extremely rich and covers
awide spectrum of issues from the relative impor-
tance of afirm’s demographic characteristics such
as size (Wagner, 1995) to the impact of manage-
rial characteristics such as the beliefs and percep-
tions of key decision-makers (Bijmolt and Zmart,
1994), organizational capabilities such as market
intelligence (Cavusgil, 1984) or export stimulus
measures such as export assistance or incentive
programs (Crick and Czinkota, 1995). As high-
lighted by the thorough literature reviews carried
out by certain authors (see, for example, Chetty
and Hamilton, 1993), technological issues have
received much less attention than the above-
mentioned factors, in spite of the large number of
empirical studies carried out. We will therefore
focus on the role of technology as a determinant
of export performance.

As far back as 1982, Walsh noted that for
American firms “technology intensive products
are not only our most export-competitive products,
but they are also the single largest group of

potential exports” (Walsh, 1982, p. 72). Yet,
attempts to link various aspects of technological
innovation to export performance have yielded
rather contradictory results. Competitive advan-
tage in the form of a unique product/technology
or technological superiority of the product (Cooper
and Kleinschmidt, 1985), advanced technology
(Wagner, 1995) and number of owned patents
(Moini, 1995) are all positively linked to export
success. On the other hand, Sriram et al. (1989)
observed a negative relationship between tech-
nology and export intensity and Reid (1986) found
little relationship between technology and export
performance. Overall, such inconsistent results
may be explained in part as follows.

In the first place, there is a “measurement
problem” as the studies have not systematically
used the same measures of export performance.
For example, some studies have considered the
simple dichotomy of exporters vs. non-exporters
based on the mere presence of export activities
whereas others have used export intensity as a
measure of export performance. Few studies have
considered the final destination of exports
although proximity or distance to markets may be
a significant factor.

Secondly, failing to concentrate on firms of
similar size may also lead to unstable and contra-
dictory results. For example, SMEs have been
shown to contribute disproportionately to techno-
logical innovation (Acs and Audretsch, 1988) and
to be more apt to take advantage of their techno-
logical edge than their larger counterparts. In
fact, SMEs thrive on product differentiation by
promoting unique products (or products with
differential advantages) and by addressing niche
markets (Julien, 1993). SMEs are therefore
expected to perform differently on export markets
especialy if the competition is increasingly tech-
nol ogy-based.

Finally, export performance depends not on
technology itself but rather on how firms profit
from technological innovation by enhancing
knowledge, skills and capabilities. Technological
development has in fact reached such a level of
complexity that most firms have no alternative but
to adopt a comprehensive and coherent approach,
including clear R& D strategies and focused access
to external sources of information and technol ogy
(Link and Bauer, 1989).
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In light of the above comments, it is proposed
that:

i) export performance is multidimensional and
must be accurately defined;

ii) the specific context in which SMEs operate
may lead to different sets of significant deter-
minants of export performance;

iii) firms' commitment to technological innova
tion is multifaceted.

2.2. R&D-related capabilities as determinants
of export performance

The central focus of this study is on R&D and its
related capabilities, which constitute a crucial
dimension of technological innovation. The main
premise rests on the following argument: more
investments in R&D projects or R&D personnel
are not sufficient in themselves since firms must
also develop complementary capabilities in order
to fully benefit from these investments (Lefebvre
et al., 1993). Such R&D-related capabilities can
be divided into four subgroups:

i) A scientific and technological culture which
often results from the steps taken by a firm
to hire and retain engineers, scientists,
computer specialists or technicians who are
not directly involved in R&D activities but
support different aspects of technological
innovation. The number and percentage of
employees with technical and scientific back-
grounds' provide an indication of the firm's
technological knowledge intensity and R&D-
related capability;

ii) R&D being firm-specific (Helfat, 1994), each
firm has a diversified allocation of R&D
resources which corresponds to a particular
R&D strategy. Link and Tassey (1987)
propose five broad strategies, namely basic
research, applied research, product develop-
ment, process devel opment and, improvement
of existing products. In view of the recent
literature on the economics of technological
change, which strongly emphasizes the cumu-
lativeness and firm-specificity of technology,
efforts to improve existing scientific/techno-
logical assets could be viewed as a sixth R&D

strategy;

iii) The ability to resort to external collaboration
reflects the widespread trend towards the
creation of alliances and other forms of co-
operation among firms, government agencies
and universities. In fact, it has been strongly
suggested that collaboration may be an essen-
tial ingredient for successful new product
development by SMEs (Freeman, 1991). The
choice of partners varies substantially, which
explains why six categories of partnerships
are included, namely with customers, com-
petitors, subcontractors, colleges, universities
and government agencies. These six cate-
gories reflect the usual forms of collaborative
R&D,? i.e. business to business (Kleinknecht
and Reijnen, 1991), university to business
(Acs and Audretsch, 1992) and government
agency to business (Roessner and Bean,
1993).

iv) The capability to gather technological knowl-
edge from different sources is also a definite
asset. External information support from
universities, technical colleges or government
agenciesis essential (Chrisman and Kalrishen,
1995), especially for SMEs, whereas exten-
sive internal communication among the
different functional groups, for example,
engineering and production (Kiggs, 1996), is
also critical. Some thirteen distinct sources of
information firms can draw on in support of
their product development; they have been
suggested® by authors such as Hauschildt
(1992) and Bierly and Chakrabarti (1994).

3. Method

3.1. Sample

The sample used for this study consisted of firms
located in Canada and registered in government
files as being firms conducting formal R&D
activities. A population of 692 firms that have
received R&D tax credits, which corresponds to
the total number within one province (Quebec),
was considered for the survey. A self-administered
guestionnaire was mailed to the CEO of each firm
after having been extensively pre-tested with 15
persons (10 of whom were CEOs). Considering
the strategic nature of all innovation-oriented
activities, CEOs are considered to be the best
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respondents for this kind of survey as they have
a major influence on resource allocation and
strategic orientation, especialy in the context of
small firms.

A total of 236 questionnaires were correctly
completed, for aresponse rate of 34.8%.* It should
be noted that the sample representation does not
differ from that observed in the population of
R&D firms operating in Quebec with respect to
size and sector of economic activity (goodness of
fit test x? = 4.67, p = 0.197 and x> = 0.005, p =
0.968 respectively). However, firms with formal
R&D activities are not representative of all
Canadian or Quebec firms. They are more likely
to be carrying out export activities (Baldwin et al.,
1994). Furthermore, successful SMEs not only
invest more in R&D but also “diffuse technology
more rapidly and develop more products and
services than do other firms" (Industry Canada,
1995, p. ii). The targeted population (692 firms)
and the resulting sample (236 firms) are therefore
deliberately biased towards highly performing
firms. The focus of the study on R&D-related
capabilitiesin itself justifies such bias. Further, the
study of high performers constitutes a useful
benchmarking exercice.

Three restrictions are imposed on the
responding firms in order to reflect the focus of
this study. First, the firms retained have fewer than
200 employees. This upper limit corresponds to
one of the standard definitions of small firms.
Second, they are privately held and independent,
thereby excluding firms operating as affiliates
of multinational consortiums, which may be
exporting as a result of advantages provided by
the head office or preferential trade agreements
among affiliates. In both these cases, the smaller
firms have access to a pool of resources which is
not available to independent firms, which is why
multinational affiliates are not considered in this
study. Third, in order to control for and “take into
account the enormous variety between firms in
sources of technological opportunities and in the
rate and direction of their development” (Pavitt,
1990, p. 19), we decided to concentrate on one
technological family identified by Pavitt, whose
original typology has already been extensively
tested empirically, although with some variants
(Pavitt et al., 1989; Archibugi et al., 1991). All
firms retained belong to the category labeled

“specialized suppliers’. These firms derive their
technological advantages from their ability to
improve the performance of specialized inputs and
are characterized by the fact that they thrive on
product innovation. A detailed description of such
firmsis provided in Pavitt (1984). A rigorous and
systematic procedure for identifying firms in our
sample that fit the profile of specialized suppliers
was followed: (i) firms were retained on the basis
of their principal sector of activity (four-digit SIC
codes); (ii) al firms retained were examined indi-
vidually in order to ensure that they corresponded
to the profile of specialized suppliers with respect
to firm size and technological profile. Four
persons’ participated in this second step and firms
were selected on the basis of a consensus.

With these three simultaneous restrictions, the
fina sample on which all statistical analyses are
performed totals 101 firms.

3.2. The dependent variables. groups of
exporters and export intensity on different
target markets

Numerous measures of export performance are
found in the literature (Cavusgil and Zou, 1994).
The relative volume of exports, captured by the
ratio of export salesto the firm'stotal sales, is cer-
tainly one of the most frequently used and is
retained here. Yet it was felt that a further dis-
tinction should be made to take into account the
geographical distribution of sales since the final
destination of exports may, for small independent
firms, constitute an additional obstacle in the case
of markets that are geographically and/or psycho-
logically distant. Export performance, assessed
here by a dual measure of relative volume and
destination of exports allows one to distinguish
between groups of exporters based on the simple
presence of export activities and to assess what we
call export intensity, i.e. the level of exports
realized on different markets.

As indicated in Figure 1, target markets are
usually classified in three broad categories,
namely domestic or local markets, proximate
export markets and world or global export markets
(Kleinschmidt and Cooper, 1995). Domestic or
local markets refer usually to a region, state or
province. Extraregional, interstate or interprovin-
cial “exports’ are often viewed by SMEs as a
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TARGET MARKETS

DEPENDENT VARIABLES

[INGENERAL | [IN THIS STUDY |

[GROUPS OF EXPORTERS]

* domestic —Jp * one province
markets

* proximate * extraprovincial
export :‘ markets
markets * US markets

* world —p * beyond US

* non exporters: firms with 100%
of sales realized in one province
(group 1)

* North American exporters: firms
with some sales realized in extra-
provincial markets (group 2)
and/or US markets (group 3)

« global exporters: firms with some

active
exporters

[EXPORT INTENSITY |

* pereentage of sales
realized in extra-
provincial and/or US
markets

* percentage of sales

369

export markets sales realized in other countries realized in other
markets (group 4) | foreign countries
STATISTICAL ANALYSES
[ dependent variables are dichotomic | [ dependent variables are censored to the left |

« discriminant analyses (table 111)

» TOBIT regression analyses (table 1v)

Fig. 1. The dependent variables (groups of exporters and export intensity), definitions and corresponding statistical analyses.

crucial step before engaging in “real” exports
(Christensen, 1991, p. 52). Proximate export
markets are usually those of neighboring countries
while world markets clearly go further than prox-
imate markets.

Groups of exporters

Within the geographical context in which the study
was carried out, non-exporters are defined as
SMEs with 100% of their sales realized in the
province of Quebec (group 1in Figure 1). Active
exporters comprise groups 2, 3 and 4 as defined
in Figure 1. We will seek to find differences not
only between non-exporters and active exporters
but also between the different groups of exporters.
Porter (1991), in his analysis of Canada's com-
petitiveness, suggested that exports realized in
countries other than the United States, which is by
far Canada’'s most important trading partner, are
a better indicator of the performance of Canadian
firms and significant differences are therefore
expected between exporters to proximate markets
(groups 2 and 3) and exporters to world markets
(group 4). Some differences, although not as acute,
may also exist between interprovincial exporters
(group 2) and U.S. exporters (group 3).

Export intensity

The dichotomy implied by the definition of dif-
ferent groups of exporters cannot fully capture the
gradual commitment of SMES to export activities
within atarget export market. The ratio of export
sales to total sales, or export intensity, better
assesses the process of internationalization®
(Cavusgil, 1980) from initiation, with a limited
percentage of export sales, to increased experi-
ence, with a substantial share of export sales. Once
again, export intensity will be measured for both
proximate and world export markets (Figure 1).

3.3. The independent and control variables

Traditional R&D efforts and R& D-related capa-
bilities as presented in Table | are the independent
variables. Size was controlled for ex ante by the
sample design but will also be considered ex post
asacontrol variablein all statistical analyses. The
same remark also pertains to the industrial sector:
the choice of specialized suppliers may be viewed
as an a priori, athough rather crude, control and
therefore the principal sectors of activity (four-
digit SIC codes) were also entered as dummy
variables in subsequent analyses.
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4. Research results

Results will be presented in four consecutive steps.
First, we will draw a brief profile of the firmsin
our sample. Second, since the data collected from
each individual firm was quite extensive, factorial
analyses will be conducted in order to summarize
R&D-related efforts as meaningful underlying
dimensions (Tables | and II). Third, we will
examine the types of R&D-related efforts which
best discriminate between exporters and non-
exporters as well as between types of exporters
(Table III). Finally, R&D-related efforts as
potential determinants of export performance
intensity on North American markets and other
foreign markets will be analyzed (Table 1V).

4.1. Profile of specialized suppliers

The firms acting as specialized suppliers in the
sample are all independent SMEs which, on
average, employ 127 full-time workers and have
an annual sales volume in the order of $15 million.
Without exception, these firms are all engaged in
formal R&D activities with a mean investment
representing more than 10% of their annual sales.
They are also very dynamic in terms of export per-
formance: more than 83% of these firms export
their products on North American markets and
48% are active on other foreign markets. Exports
are also rather substantial (on average, 33.46% for
North American markets and 10.62% for other
foreign markets) but are subject to significant
variations (standard deviations are 29.06% and
20.08% respectively).

The dynamism displayed by the vast majority
of the 101 R&D-intensive firms in our sample in
terms of export performance is not overly sur-
prising: according to official statistics, R&D-
intensive firms export more (Baldwin et al., 1994),
which suggests that the presence of some positive
association between R&D and export activities.

4.2. Underlying patterns among types of
R& D-related efforts

R&D-related efforts are captured by some 25
variables as they represent complex and multi-
dimensional concepts. In order to obtain asmaller,
and therefore more manageable, set of new com-
posite dimensions for these innovative efforts,

factorial analyses using the component analyses’
model with varimax rotation are performed.

Factorial analysis conducted on the different
types of collaborative R&D efforts produces a
clean and easily interpretable factor structure
(Table 1). The first factor points to the collabora-
tive R&D efforts with public agencies (govern-
ment, universities and colleges) while the second
factor represents the firm's external linkages
(upstream and downstream) in the product value
chain. Collaboration with competitorsis a separate
third factor. The three factors together explain
69.5% of the variance.

The second factorial analysis reduces the 13
sources of information used in the product devel-
opment process to 5 factors which collectively
explain 68.9% of the variance (Table I1). The first
factor reflects the combined importance of cus-
tomers and functional groups internal to the firm
(mainly marketing and production and, to a lesser
extent, finance). Surprisingly, the R&D group is
not represented in this first factor but constitutes
the fifth factor by itself, suggesting that effective
cross-functional integration is not yet a reality in
small firms or that the R&D group constitutes a
separate source of information, probably more
technical in nature. The second factor corresponds
to sources of information from public agencies
(universities, colleges, and governments) while the
third factor essentially represents sources from the
private sector (consultants and industrial partners).
The fourth factor seems to be related directly and
indirectly to the competition since trade shows are
easily accessible means for small firms to obtain
information on their competitors' products.

TABLE |
Factorial analysis performed on the different forms of
collaborative R& D*

R&D conducted with: FA1l FA2 FA3
Customers -0.04 0.77 0.18
Competitors -0.03 0.05 0.96
Subcontractors 0.01 0.82 -0.09
Colleges 0.57 0.46 -0.31
Universities 0.85 -0.18 0.15
Government agencies 0.73 -0.07 -0.13
Cumulative percentage of

explained variance 29.3% 52.3% 69.5%

* K.M.O. = 0.54 (Sampling adequacy test).
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TABLE Il
Factorial analysis performed on the different sources of information for the development of products*

Sources of information FB1 FB2 FB3 FB4 FB5

Trade shows -0.04 -0.02 0.17 0.78 0.09
Suppliers 0.03 —-0.09 0.23 0.44 0.36
Customers 0.77 -0.04 0.35 0.01 -0.08
Competitors 0.24 0.17 -0.06 0.64 -0.17
Consultants 0.12 0.14 0.75 0.15 0.02
Industrial partners -0.05 0.22 0.82 0.02 0.07
Government agencies 0.25 0.67 0.31 -0.12 0.23
Colleges -0.05 0.71 0.11 0.42 0.01
Universities -0.14 0.80 0.29 -0.02 -0.15
R&D group 0.11 0.11 -0.04 -0.20 0.79
Marketing group 0.83 -0.16 -0.07 0.02 0.12
Production group 0.74 0.35 -0.01 0.18 0.11
Finance group 0.52 0.36 -0.21 0.06 0.33
Cumulative percentage of explained variance 25.09% 40.49% 50.9% 60.1% 68.9%

* K.M.O. = 0.69 (Sampling adequacy test).

4.3. R&D-related efforts as determinants of
export activities: discriminating between
non-exporters and exporters and between
North American and global exporters

Table 11l summarizes the results of the two
stepwise discriminant analyses where the inde-
pendent variables (size and industrial sector which
act as control variables, R&D efforts,? level of
knowledge intensity,® the six dimensions of R&D
strategies and the eight factors representing the
different types of R& D collaborations and sources
of R&D information) were entered. Table |11 high-
lights only the variables which show significant
discriminating power.™ The first analysis presents
the most discriminating variables between non-
exporters and active exporters while the second
analysis displays the most significant predictors
between the two groups of exporters labeled North
American and global exporters respectively.

The first discriminant function which is highly
significant (p = 0.0000) allows us to correctly
classify 81.25% of the non-exporters and 91.76%
of the active exporters, with an overall classifica
tion rate of 90.10%. Larger size, followed by a
stronger focus of R&D efforts on fundamental
research™ and improvement of existing products
as well as acloser collaboration with competitors,
best distinguish the exporters from the non-
exporters. A more technically oriented workforce

also significantly discriminates the exporters from
the non-exporters.

Do exporters differ based on the destination of
their exports? Five key discriminating character-
istics appear to distinguish between North
American exporters and global exporters (Table
[1, left column): first, global exporters invest
proportionately lessin R& D but these investments
are more directed towards new product develop-
ment and applied research; second, they collabo-
rate more closely with public agencies; third, their
workforce is more technically oriented. Surpris-
ingly, sizeis not a discriminating variable between
these two groups of exporters. The discriminating
function based on these five characteristics is
again highly significant (p = 0.0000) and classi-
fies the North American exporters better than the
global exporters (75.00% vs. 72.97%). The overall
classification rate is 74.12%.

The industrial sector (four-digit SIC codes) as
well as some R&D-related capabilities such as
improvement of existing scientific/technological
assets, collaborative R&D with customers/sub-
contractors and all sources of information for the
development of new products are not displayed
in Table Il as they fail to be significant predic-
tors in either of the two discriminant functions.

No discriminating differences are found
between firms operating only on extraprovincial
markets and firms exporting to U.S. markets. The
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TABLE Il1
Discriminant analyses between different groups of specialized suppliers based on their level of export performance

Non-exporters vs. active exporters North American exporters vs.

global exporters

(n, = 16 and n, = 85 respectively) (n, = 37 and n, = 48 respectively)

Standardized discriminant Standardized discriminant
coefficients coefficients

Independent variables:
Size 0.652**** -
R&D intensity - —0.368**
Technocratization 0.238*** 0.415***
R&D strategies:

fundamental research 0.439*** -

applied research - 0.464*

new product development - 0.714%***

improvement of existing products 0.491**** -
Collaborative R&D with:

public agencies - 0.452***

competitors 0.495% *** -
Level of significance of the discriminant function  0.0000 0.0000
Classification results:
Total of cases correctly classified 90.10% 76.27%
Cases correctly classified in group 1 81.25% 81.50%
Cases correctly classified in group 2 91.76% 71.90%
Proportional chance criterion 71.68% 50.84%

* p< 005 **p<00L *** p<0.00L ****p < 0.0000.

discriminant function between these last two
groups of exportersisnot significant (p = 0.3729).
The presence of provincially imposed barriers to
trade inside Canada may only play a small rolein
explaining the lack of significant differences
between U.S. exporters and exporters to other
Canadian provinces as these barriers have rather
negligible effects. The geographical proximity of
markets and the historic flow of goods along a
south-north/north-south axis may contribute much
more to explaining this phenomenon.™

Although there is considerable discriminating
power among the variables retained in each of
the two discriminant functions, the classification
results presented in Table |11 should be interpreted
taking into account the following observation. The
rather high classification rate of the first discrim-
inant function is actually misleading as it is par-
tially due to the sample sizes of the two groups
of firms (non-exporters vs. exporters): the overall
classification rate (90.10%) slightly exceeds the
proportional chance criterion®® by the required
25% (89.60% or 71.68% x 125%) as suggested by

Hair et al. (1992, p. 104) and the classification
accuracy is therefore not the result of mere chance.
The predictive validity of the second discriminant
analysis is in fact much higher, as the obtained
classification rate of 74.12% exceeds the requisite
accuracy of 63.55% (125% x 50.84%) by more
than 10 percentage points.

4.4. R&D and R&D-related efforts as
determinants of export intensity on North
American and global markets

The main objective of the TOBIT regression
analyses displayed in Table IV isto determine the
relative contribution of R&D and R&D-related
efforts to export intensity. The percentages of sales
realized on North American and global markets
are therefore the dependent variables (first and
second regressions respectively) and the indepen-
dent variables are the same 13 variables mentioned
previously. TOBIT regression analyses are chosen
over the more common least squares because
each of the two dependent variables has a left-
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TABLE IV
TOBIT results: determinants of export intensity on North American markets and on global markets (n = 101)

Export intensity on

North American markets

Global markets

Independent variables Coefficient® Level of significance  Coefficient® Level of significance

Sze 6.03 (2.802) *kx 1.49 (0.720)
R&D intensity —0.36 (-0.753) -0.19 (-0.3398)
Technological knowledge intensity 1.08 (1.723) * 1.45 (2.786) *xk
R&D strategy directed towards:
Basic research 8.96 (3.372) *kk 0.33 (0.106)
Applied research 1.27 (0.781) 4.64 (2.877) *rx
Product development 1.11 (0.365) 7.57 (3.407) *okkk
Process improvement 1.55 (0.692) 2.20 (0.805)
Improvement of existing products 3.87 (1.846) * 4.21 (2.030) *x
Improvement of existing scientific/

technological assets 2.72 (1.751) * 1.60 (0.676)
Collaborative R&D with:
Public agencies 4.53 (0.919) 7.48 (2.830) xk K
Customers/subcontractors —0.50 (-0.140) -5.69 (-1.904) *
Competitors 2.05 (0.543) 7.89 (2.776) *xk
Sources of information:
Internal sources/customers 5.20 (1.815) * 0.82 (0.174)
Public agencies 4.97 (1.049) 3.89 (2.808) *xk
Private sector —5.54 (-1.077) —-0.62 (-0.123)
Competitors/trade shows 4.09 (1.236) 0.66 (0.146)
Internal R&D 0.85 (1.062) 7.40 (2.765) *xk

Pseudo R? 37.84% 49.07%

2 B and B/sB in parentheses.
* p<0.10; ** p<0.05; *** p<0.01; **** p < 0.001.

censored distribution (with either zero or a
positive value).

For the two TOBIT models presented in Table
IV, the pseudo R? (Maddala, 1983) are respectively
37.84% and 49.07%, which can both be consid-
ered as a good fit.** These rather strong R? are
largely the result of several specific R& D-related
capabilities which are significantly linked to
export intensity on either American or global
markets. This supports the proposition that R& D
investments are not enough to compete on export
markets without some complementary R&D-
related capabilities. Further support for this
proposition is also found by the non-significant
and negative coefficient for R&D intensity
although this should be interpreted taking into
account the context of this research. Firmsin this
study already carry out a significant amount of

R&D and the results may only point to the fact
that, beyond a certain point, higher R&D invest-
ments are not associated with export performance.

Turning to specific determinants of export
intensity on North American markets (first TOBIT
model in Table V), technological knowledge
intensity, R&D strategies directed towards basic
research (by far the strongest determinant) as well
as towards the improvement of existing products
and existing scientific/technological assets, and
privileged sources of information from internal
groups and customers are all related positively and
significantly to export performance. By contrast,
determinants of export intensity on global markets
(second TOBIT model in Table 1V) are different:
first, R&D strategies directed not towards basic
research but rather towards product development
(now the strongest determinant), applied research
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and improvement of existing products are associ-
ated with export performance. Second, techno-
logical intensity plays a stronger role. Third,
different forms of collaborative R& D mainly with
competitors, public agencies and, to a lesser
extent, with customers are important determinants,
which is not the case in the first model. And
finally, sources of information from the R&D
group within the firm and from public agencies are
definitely more related to export intensity on
global markets.

Based on the above results, specialized sup-
pliers which are able to go beyond current and
existing activities (and the preservation of these
activities) and which are continuously exploring
new product opportunities through increased col-
laborative R&D and stronger links with potential
sources of information on new technological
developments are also more present on global
markets. The general picture which appears to
emerge from these results is that an increased
presence on global markets requires more proac-
tive, aggressive, and externally oriented R&D-
related capabilities. This seems to be in sharp
opposition to the greater reliance on existing
products and scientific and technological assets,
coupled with the internally oriented R&D activi-
ties and the long-term view implied by the
emphasis on basic research, associated with export
intensity on North American markets.

As we enter industrial sectors as dummy vari-
ables in the two TOBIT models, we fail to find
any support for a sectorial effect on the special-
ized suppliers export intensity: there is no
increase in the pseudo R?, the different modalities
of the control variable are not related to export
intensity and the coefficients for the R& D-related
capabilities do not change in either magnitude,
direction or corresponding significance levels.
This is revealing and provides additional support
for the previous findings of the two discriminant
analyses since they apply irrespective of the sector
of activity of firms belonging to the same tech-
nological trajectory.

What is gained from the analyses presented in
Table IV compared to those displayed in Table I11
istwo fold: first, a more accurate assessment of
the predictive validity of a specific set of deter-
minants with respect to the degree of internation-
alization (rather than simple presence on export

markets) and second, the observation that a wider
array of R&D-related capabilities is related to
more intense export activities on global markets.

5. Conclusion

The results presented here rest on the empirical
evidence gathered from a group of privately held
small specialized suppliers which carry out formal
R&D activities. These firms, by their very nature,
allow for a more comprehensive investigation of
the complex links between R& D-related capabil-
ities and export performance. This investigation
reveals some interesting results.

First, while size acts as an important control
variable, sectorial influences within our particular
technological trajectory do not account for signif-
icant differences. In fact, size, which can be con-
sidered as a proxy for the availability of financial
and non-financial resources, seems to be a stum-
bling block for the penetration of proximate export
markets but has no effect on a firm’s export gen-
erating capacity on global markets. Since almost
all specialized suppliers actively involved on
global markets are also operating on proximate
export markets, the main difficulty may very well
reside in the mobilization of resources necessary
to undertake the first steps towards the interna-
tionalization process (i.e. the penetration of prox-
imate export markets). This difficulty becomes a
less important obstacle for the next steps of the
internationalization process when these firms start
to export on global markets.

Second, R& D is certainly firm-specific not only
in terms of the level of investment but also in
terms of the type, nature, and direction of the
efforts devoted to R&D-related activities. This
proposition is more evident in the case of privately
held small firms since each firm is free to decide
on the extent of such efforts. These decisions,
usually made by the CEO and afew key managers,
result in distinct R& D-related capabilities. There
is a clear indication that some R&D-related
capabilities are definitely linked to different
dimensions of export performance. In particular,
export intensity on global markets is strongly
related to a broad and diversified base of R&D-
related capabilities: a workforce with strong
technological and scientific knowledge, an R&D-
strategy aimed at launching new products, an
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emphasis on collaborative R&D and an intense use
of external sources of information. Operating on
global markets therefore requires significant
efforts from specialized suppliers which consti-
tutes a departure from the usual practices found in
the small firms. The distinctive capabilities of the
global exporters to reach out for external infor-
mation and to collaborate to a significant extent
not only with public agencies, customers and sub-
contractors but also with competitors are particu-
larly at odds with the individualistic practices
found in the more traditional small firms.

Third, no evidence is found with respect to the
contribution of the level of R&D investments to
the export dynamism of our firms on either North
American or global markets. The specific context
of this empirical investigation may largely explain
this finding. As specialized suppliers actively
engaged in formal R&D activities, these firms are
already convinced of the rich potential investments
in this area. However, R&D investments may be
necessary but not sufficient; beyond a certain
point, it is impossible to stay at the leading edge
of progress and knowledge without also engaging
in the creation of complementary distinctive R& D-
related capabilities.

The implications of the empirical evidence
presented here are far-reaching. From atheoretical
perspective, R&D spending is an essential indi-
cator of technological innovation. Yet, it has been
shown that R&D-related capabilities are also
important explanatory factors which will need to
be taken into account in subsequent studies.
Similarly, export performance is multifaceted and
it has been shown that specific target export
markets require a unique range of R& D-related
capabilities. Hence, the final destination of exports
modifies the set of determinants of export perfor-
mance. As a result, when measuring the export
performance of firms, it becomes crucial not only
to consider the traditional measure of volume of
sales but also and simultaneously the final desti-
nation of those sales.

Implications for public policy can also be
drawn. The implicit assumption that more R&D is
better can be challenged. Numerous countries have
adopted R&D tax incentives but the relative
impact of these incentives, although positive,
remains elusive and in fact has caused a great deal
of controversy. The results presented here suggest

that the effectiveness of government programs to
promote technological innovation in small firms
could be improved by focusing as well on R&D-
related capabilities, especially by encouraging net-
working and collaborative R&D and establishing
easily accessible sources of technological infor-
mation. Better understanding of the relationship
between R&D-related capabilities and export
performance at the firm level may further con-
tribute to the design of more appropriate programs.
Small exporters already account for a significant
share of exports and, in the case of Canada and
the United States, constitute the “fastest growing
group of exporters’ (Industry Canada, 1995;
Axinn et al., 1994, p. 49). Mobilizing small firms
export potential as a mean of improving the
national trade balance may deserve increased
attention from researchers and public policy
makers.

Notes

! Thisis also referred to as “technocratization”.

2 Collaborative R&D refers here to formal cooperative agree-
ments. Special provisions such as the R&D tax incentives
existing in the province of Quebec promote such agreements
with universities and the public-parapublic sector.

® The thirteen distinct sources of information are: trade
shows, suppliers, customers, competitors, consultants, indus-
trial partners, government agencies, colleges, universities,
R&D group, marketing group, production group, finance
group.

4 The response rate of 34.8% is the ratio of 236 over 687
firms rather than 692. In the case of 14 of the targeted firms,
the address had changed or the firm had ceased its activities.
5 Including the first two authors of this article as well as
Marie Lavoie, visiting professor at the Ecole Polytechnique,
and Carl St-Pierre, research professional.

5 The internationalization process as initially proposed by
Cavusgil (1980) is a five-stage model (domestic marketing,
pre-export stage, experimental involvement, active involve-
ment, committed involvement).

" The factorial analysis performed on the six dimensions of
R&D strategy is not presented here since these dimensions are
based on distinct and opposite theoretical concepts which are
clearly illustrated in the literature (i.e. basic vs. applied
research, process vs. product). The empirical evidence
confirms that these dimensions cannot be combined mean-
ingfully: the factorial solution is weak (K.M.O. < 0.50). This
is not surprising since the correlation matrix among the six
dimensions of R&D strategy shows non-significant correla-
tion coefficients.

8 The four measures of R&D efforts are obviously highly
correlated. In order to avoid problems of multicollinearity,
each of these four measures was entered alternately in each
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discriminant analysis to assess its discriminating power. The
ratio of R&D investments over annual sales proved to be the
most discriminating.

® The two measures of technological knowledge are also
highly correlated. The ratio of employees with a technical/
scientific background over the total number of employees
turned out to be the most discriminating variable and is there-
fore retained here.

1 The selection of the best predictors is similar to the
stepwise multiple regression analysis and is based on the F-
values. The single best discriminating variable is simply the
one with the largest computed F-value whereas the next best
predictors are chosen based on the F-values conditioned by
the combined presence of the variables already selected.

" The emphasis on fundamental research is generally rather
low as the vast majority of R&D investments are directed
towards product development. However, the exporters place
more efforts on fundamental research than non-exporters.

2 The largest shares of all exports by Quebec SMEs are
22.5% for Ontario and 11.6% for the U.S.A. whereas the
Atlantic provinces and the Western provinces/Northern
territories represent only 3.9% and 7.2% respectively.

¥ Proportional chance criterion = p? + (1 — p)> where p =
proportion of firmsin group 1 and 1 — p = proportion of firms
in group 2. The more disproportionate the groups are, the
larger this criterion is.

14 Several pseudo R® measures exist. A detailed discussion
on these measures is offered in Maddala (1983, pp. 38-41).
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