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In both Canada and the United States, the commercial geographic information
systems (GIS) industry represents a small but fast growing sector that depends
upon high quality human capital, sustained research and development (R&D)
activity and continuous innovation (Mark 1999). Although the industry is globally
dominated by three US corporations (i.e. ESRI, MapInfo and Intergraph), high
rates of new finn entry in recent years suggest that considerable growth potential
remains (Hartung 1999). In Canada, for example, close to 30 % of the current
population of GIS companies did not exist prior to 1990 (the corresponding
estimate for the US is just over 40 %). This young sector consists of a corporate
core (the Big Three), surrounded by an expanding population of niche players
that operate across diverse fields (e.g. marine navigation, epidemiology, crime
analysis and remote sensing).
Despite the importance of this sector's outputs to a wide range of users, few
scholars have paid much attention to the history or growth dynamics of this
industry (see Coppock and Rhind 1991). While worldwide sales from the GIS
sector are currently estimated at only US$7 billion (i.e. total output is less than
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Microsoft's 2001 earnings), global sales are projected to increase at a com
pounded rate of more than 20 % per annum over the next 10 years (National
Academy of Public Administration 1998) _ Accordingly, there is good reason to
suspect that the GIS industr:y will play an increasingly central role in the informa
tion economy of the 2000s (Leinbach 2001).
This said, the GIS industry is difficult ta identify on the basis of Standard
Industrial Classification (SIC) codes, Standard Industrial Trade Classification
(SITC) codes, or commerciallindustrial directories. Part of the problem stems
from the fact that the GIS sector spans both the industrial and service components
of the economy. For example, commercial GIS outputs include specialised
hardware (e.g. digital scanners), advanced software (e.g. mapping programmes),
customised databases, consulting services, or any combination of these. The very
term 'GIS' is also hard to define, in that multiple definitions can be found in the
academic and commercialliterature (see Pickles 1995). While more will be said
about this later, it should be stressed from the outset that the GIS sectar consists
of several activity sets.
Leaving definitional complexities aside for now, the main goal of this paper
is to compare the demographic, industrial, and technical characteristics of Cana
dian and US firms in this relatively new sector. The underlying theoretical
backdrop is that firms in new or technologically dynamic sectors must innovate
on a frequent basis to maintain their competitiveness (Porter 1990) _At the same
time, it is widely thought that technical collaboration with external partners can
accelerate or facilitate the innovation process, especially among new companies
(Freeman 1991, Karlsson 1997, Malecki 1996). The logic surrounding this line
of thinking is that few firms outside the corporate domain contain ail of the
scientific, technical, and/or fmancial resources to bring major innovations to the
market on a continuous basis (Malecki 1997). Although in-house R&D is widely
thought ta be a critical requirement for innovation, external support and/or
collaboration is increasingly regarded as a complementary factor in successful
product development (see Love and Roper 2001). It would appear that this is
especially the case in new sectors that require multiple skill-sets for efficient
. production (Hall 1999).
Keeping these points in mind, three sets of contrasts between Canadian and
US firms are discussed in the empirical sections below (these clifferences were
detected upon completion of a binational postal survey in 199611997). First, US
firms were found to be more innovative than Canadian firms (innovation metrics
are defined below). Despite comparable levels of R&D-intensity, US firms were
found to operate with higher R&D productivity. Second, Canadian firms were
found to be more export-intensive than their US counterparts. Although this is not
a terribly surprising fmding, the survey revealed that Canadian exports to the US
were not very important at the time of the survey (and never have been). A third
contrast is that Canadian GIS companies were found ta exploit external ideas for
product development purposes more frequently than US firms. Later, we argue
that many of these contrasts can be attributed to fundamental Canada-US differ
ences in product focus, as weil as to differences in domestic labour market
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conditions.
Set against this backdrop, the remainder of this paper is organised as fol
lows. In the second section, a research context for the analysis is given, as weil
as a brief description of the nature of the GIS industry. What do firms in this
industry actually do? This section also includes a description of the survey
methodology, along with an assessment of non-response bias. In the third section,
a series of binational comparisons is presented, as weil as a set of tentative
explanations for the empirical results. Here, we offer bivariate statistical tests
only (a multivariate analysis is planned for the near future). In the fourth section,
a qualitative perspective is offered based upon post-survey interviews with a
subsample of Canadian and US firms. Here, particular attention is given to
binational differences in export-intensity, market focus, external collaboration,
and product development activity. The paper concludes with a brief discussion
of the nature of the Canadian GIS industry relative to its US counterpart.

Research CORtext
Firms in the commercial GIS sector create products, services, or product-service
combinations that are designed to assist in the analysis of spatially referenced
data (Dobson 1993). The industry primarily serves institutional or commercial
clients that need to analyse geographical information for planning, simulation,
forecasting, or modeling purposes (see Longely et al 1999). From this perspec
tive, the commercial GIS sector provides intermediate inputs that support the
production or management decisions of other organisations, institutions, or firms.
If this interpretation is correct, then the bulk of the North American GIS industry
could be c1assified within the producer services sector. Significantly, high-order
producer service firms have long been known to supply strategie inputs to clients
(sèe Coffey and Bailly 1993). In the case of the GIS sector, these inputs pertain
mainly [0 analytic capacity (Hartung 1999).
Although the industry can be described as an oligopoly that revolves around
the Big Three, hundreds of small-and-medium sized enterprises (SMEs) have
emerged in recent years. These SMEs typically deliver customised products or
services (akin to a job-shop mode of operation). Such- SMEs can prosper along
side the industry's larger firms as a result of product strategies thal reflect the
precise needs of users (Hartung and MacPherson 2001). While the Big Three
enjoy substantial revenues on the basis of standardised products that are upgraded
on a frequent basis (often yearly), the SME segment of the industry has been
expanding on the basis of flexibility and customisation (discussed laler).
A conspicuous feature of the GIS industry is ils heavy reliance upon techni
cally proticient workers with university qualifications in spheres such as com
puter science, engineering and geography. According to Mark (1999), the single
most important entry barrier to this induslry is human capital (Iechnical and
creative skills). A related feature of the industry is its youthfulness. In Canada
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and the US, for example, most GIS firms are less than 15 years old, and few of
these firms employ more than 20 workers (Hartung 1999). Not surprisingly,
then, the GIS sector is rather small in employment terms, accounting for no more
than 100,000 jobs across Canada and the US combined. Nevertheless, the impor
tance of this sector is hard to dispute, in that a primary function of most GIS
firms is to deliver spatial analytic capability to users. These users most notably
include govemment census bureaus, national defense agencies, universities,
utility companies, health-care organisations and large industrial corporations
(Johnson 1996).
An additional attribute of the North American industry is that many firms
existed as hardware/software producers prior to acquiring GIS-based specialisa
tions. According ta Hartung (1997), roughly half of the known US population fits
into this category. Among firms under 20 years of age, moreover, Hartung's
1997) evidence suggests that roughly 30 % can be described as university spin
outs (this is true for both Canada and the US). Given that most GIS comparues
employ computer-literate graduates with advanced university degrees, it is fair
to suggest that the GIS sector exhibits respectable academic credentials. The fact
that many GIS companies participate in major acadernic conferences adds weight
to this assertion (though presumably such firms want to boost sales at the same
time).
To date, however, this sector has not attracted much attention in the litera
ture on regional science, economic geography or industrial organisation. Part of
this neglect may flow from the fact that the GIS sector is hard to identify. For
example, Microsoft is not regarded as a GIS company, yet Microsoft entered the
GIS market in 1999 with MapPoint 2000 (GIS software). Thus, there are defini
tional problems as far as this industry is concerned. In this paper, firms were
classified as GIS firms if their revenues from GIS products or services accounted
for at least 50 % of total sales (this ruled out Microsoft and other corporations
that produce GIS outputs on a limited basis).
Another deflIlitional problem cornes from the fact that the GIS sector spans
multiple SIC categories. For instance, sorne GIS firms belong to the software
industry, others are part of the computer hardware sector, while others are part
of the management consulting domain. Some firms span ail of these categories,
rende ring the task of sectoral deflIlition quite tricky. To build a firm-Ievel data
base, then, it was necessary to consult multiple directories and trade journals
(including GIS World's International Handbook of GIS). In addition, a general
message was e-mailed to ail of the GIS Newsgroups that were listed on the
Internet in 1996 (requesting responses from firms that were not represented in the
available directories). These procedures yielded an estimated US population of
874 firms, and an estimated Canadian population of 345 firms.
Having identified the sampling bases for both nations, comparable survey
instruments were developed ta obtain company-Ievel information across several
dimensions, including demographics (establishment age, employment size,
location, sales growth), market focus (customer segments, export activity, R&D
spending, occupational structure, product mix and innovation (new product/
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service development). The survey instruments were also structured to assess the
raie of external collaboration in the innovation process (i.e. partnerships with
other firms, consultants, and/or academics). This particular dimension was
deemed important in Iight of nearly two decades of empirical work on the contri
bution of extemal collaboration to successful innovation (e.g. Freeman 1991,
Hall 1999, Rothwell 1989, Von Hippel 1988).
From the outset, however, it should be mentioned that we did not have any
prior expectations regarding possible Canada-US contrasts. Instead, our expecta
tions were focused on industry behaviour (for a full discussion of these expecta
tions, see Hartung and MacPherson 2001). For example, we expected that
innovation would respond positively to in-house R&D, extemal collaboration,
and interaction with the acadernic sector (in line with the recent literature on new
or emerging industries). The fact that significant differences èmerged between
US and Canadian firms was not something that we initially anticipated. If any
thing, in fact, our original suspicion was that Canadian and US firms would
actuaIJy be quite similar -- except for exports. On the export front, we fully
expected that Canadian firms would be more export-intensive than their US
counterparts as a result of the small size of the Canadian domestic market.
Further, the fact that Canada's estimated GIS establishment count is only about
three times smaller than the US count suggests that Canada may enjoy a compara
tive advantage in this sector (i.e. given the relative size of the two econornies,
Canada's expected establishment count ought to be around 10 times smaller than
the US count).
On this note, in the following section we document the main similarities and
differences between firms in the two national samples. A total of 300 firms
participated in the US survey (giving a response rate of 34 %), whereas 84 firms
participated in the Canadian survey (giving a 24 % response rate). Several tests
for nonresponse bias were conducted for both samples (as weIJ as for the com
bined sample), including Hests for 'early' versus 'Iate' respondents across a set
ofkey variables (employment size, R&D spending and innovation performance).
T-tests were also conducted for respondents versus nonrespondents across vari
ables such as total employment and company age (using published. data from
commercial directories). Despite lower response rates than we had originally
hoped for, none of the t-tests for nonresponse bias pointed to significant differ
ences at p = 0.05 or less (confidence intervals for key parameter estimates can
be obtained from the authors upon request). In short, we believe that we have
two representative samples. To illustrate this point, it should be noted that the
Canadian sample accounts for an estimated 70 % of total Canadian GIS employ
ment, while the US sample accounts for over 85 % of comparable US employ
ment (Hartung 1997).
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TABLE 1 Descriptive Statistics for the Samples

United States

Canada

Total

n = 300

n = 84

n = 384

a. Median employment

10.0

10.0

10.0

b. Mean employment

97.1

49.0

63.1

c. Average age (years)

13.4

18.4

*
14.3 *

d. R&D-intensity (%)

15.1

14.8

15.0

e. Export-intensity

11.9

21.3

12.4

f. Innovation-inrensity

58.7

43.3

51.9

g. Sales growth (90-95)

17.4

16.8

17.2

h. Graduate employment

18.3

11.9

16.2 '"

Characteristics

Note:

*
*

1. a= median employment in 1995, b = mean employment in 1995, c = number
of years in the GIS business, d = R&D spending as a % of IOtal sales (1995), e =
export sales as a % of total sales (1995), f = % of sales From products developed
over 1990-1995, g = average annual rate of sales growth over 1990-1995, and h =
university graduates as a % of total employment.
2. " = significamly different means (t-test at p = < 0.05).

Empirical Results
Sorne of the main similarities and differences between US and Canadian firms are
shown in Table 1. In terms of similarities, the data indicate that firms on both
sides of the border are equally R&D-intensive (roughly 15 % of sales are allo
cated to research). This is a high level of R&D-intensity by any yardstick,
confirming the research-oriented nature of the industry. Aside from biotechnol
ogy, pharmaceuticals, and specialised areas of electronics, we know of few other
sectors that consistently allocate 15 % or more of total sales toward R&D. In
terms of 1990-1995 sales growth, moreover, it is evident that firms on both sides
of the border have been expanding rapidly (> 15% per annum on average).
Clearly, growth within the GIS sector has outstripped national economic growth
across both countries.
Although US firms appear to be significantly larger in terms of mean em
ployment, this particular contrast can be attributed to a small number of big firms
that skew the US data (removal of these outliers eliminates the size gulf between
the two nations). A better comparison can be seen in terms of median employ
ment (10 workers). Across both samples, in fact, close to 70 % of the survey
firms employ 10 or fewer workers, suggesting an industry that is populated
mainly by SMEs. In terms of median employment, recent sales growth, and
R&D-intensity, then, the Canadian GIS sector looks very much like its US
counterpart.
Nevertheless, the data also point to significant differences between the two
samples (note: ail continuous and interval-Ievel variables have been normalised
4'
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via power transformations to correct for skewness). To begin with, Canadian
firms tend to be somewhat older than US firms. By scanning the binational
distribution of start-up dates, this contrast was traced to a higher rate of new flrm
entry in the US during the early 1990s (pushing the average age of US establish
ments down). Notice, however, that Canadian firms exhibit significantlyhigher
export-intensity levels than US firms. On average, Canadian GIS companies earn
around 20 % of their revenues from export markets, compared to 12 % among
US firms (p = 0.012; t-test). Interestingly, US firms with export markets primar
ily target Canada, whereas Canadian exporters primarily target developing
nations (we shall return to this point later). Finally, US firms appear to be more
innovative than their Canadian counterparts. Here, innovation was defmed as the
percentage of 1995 sales that came from products, services, or product-service
combinations that were developed over the previous 5 years. Though both nations
score highly on this index, the US appears to enjoy an edge as far as innovation
is concerned. Part of this edge may reflect the fact that US firms exhibit signifi
cantly higher levels of graduate employment than Canadian firms (p = 0.034; t
test). Here, the data pertain to post-BA/BSc degrees (mostly in computer science,
geography and engineering [in that order]).
None of this should be taken to imply that US firms are somehow superior
to their Canadian counterparts from a technological or commercial perspective.
After ail, firms from both nations spend roughly the same on R&D in propor
tional terms, and recent rates of sales growth have been close to identical. Never
theless, it would seem that US companies are more strongly oriented toward new
product/service development, whereas Canadian companies are more strongly
oriented toward exports. The question thus arises: are there significant differ
ences in market or product focus between the two samples?
Partial answers to this question can be gleaned from Table 2, which shows
the distribution of market sectors served by Canadian and US flrms. Here, the
data are dichotomous, and illustrate only whether or not the respondent consid
ered the sector in question to be commercially important (we did not collect
continuous data for these variablesbecause we originally had only a minor
interest in market sectors). Despite these limitations, a number of patterns can
be seen in the data. For a start, US firms are more likely to be involved in health
related and defense markets than Canadian firms, whereas the latter are more
likely to serve Federal agencies, customers in the resource sector (e.g. mining
and forestry companies), and retail/household markets (perhaps reflecting the
activities of companies such as Compusearch). In rank order, the five most
important markets for US firms include (with Canadian ranks in square parenthe
ses):
•
•
•
•
•

Federal agencies [1]
Utilities [2]
Manufacturing [4]
Resource industries [3], and
Education sector [5]
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TABLE 2 Market Sectors Served (% indicating important market)
Sector

Canada

Education

18.3

25.0

p

1.60

0.204

Retail/Household

13.4

1.0

28.11

< 0.001

Manufacturing

26.8

30.3

0.67

0.713

Utilities

57.3

56.0

0.04

0.831

6.1

13.0

3.01

0.082

Extractive

47.6

25.0

15.65

< 0.001

Defense

11.0

22.9

4.32

0.042

80.5

60.3

Il.44

< 0.001

HeaJth

Federal
Note:

1. Based on 2 x 2 cross tabulation of frequency countS for nation by importance of
ma rkel (yesl no).

TABLE 3 Sources of Ideas for New Product Development (% distribution)
Sources

In-house

Users

Competitors

Canada

46.6

23.2

9.7

US
p (t-lest)
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TABLE 4 E:l.1ernaI R&D Collaboration among US and Canadian Firms
Chisquare'

USA
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Academics Collaborators
6.8

13.6

50.5

26.3

7.6

5.5

9.1

0.258

0.237

0.121

0.262

0.034

While the rankings look quite similar, the frequency distributions shown in Table
2 point ta significant differences in emphasis. Specifically, Canadian firms are
more strongly oriented toward govemment, utility, and resource-related markets
than their US counterparts.
A further set of contrasts between the two samples is shown in Table 3,
which compares US and Canadian firms in terms of the sources of ideas that
support new product development. Here, the survey instrument asked firms to
assess the percentage contribution of five sources (academics, internai effort,
competitors, collaborators, and users). These categories were constructed on the
basis of established academic thinking on the critical sources of innovation (e.g.
Von Hippel 1988, Freeman 1991), and were cross-checked alongside the results
of pre-test surveys that invited respondents to identify the key sources of external
support (the acaderrtic and pre-test categories rurned out to be remarkably simi
lar). In this regard, T-tests revealed consistently similar patterns across most of
these categories. Among firms across both samples, the rank orders are the same
for the first two categories (internai sources and competitors). These two factors
collectively captured more than 60 % of the sources of innovation inputs for the
binational sample as a whole, as weil as for the two national samples on their
own. However, a notable difference between Canadian and US firms is that the
former exhibit a stronger tendency to extract ideas from collaborative links with

Collaboralion
% row

Yes

No

Total

Canada

43 (52.4)'

39 (47.6)

82 (100.0)

USA

116 (40.0)

174 (60.0)

290 (100.0)

( ) =

Note:

1. Chi-square = 4.04; P = 0.044
2. " = exhibitS a significantly higher innovalion score non-collabora lOrs (t = 6.12;
P = 0.042).
3. The [-test for the US sample is not statistically significan[ (see main text).

other GIS firms (p = < 0.05). Why would Canadian firn1s exhibit this tendency?
Keeping this question in mind, a further contrast between the two samples
is shown in Table 4, which crosstabulates the incidence of inter-firm R&D
partnerships with nationality. The results show that Canadian GIS firms are more
likely to operate with R&D-based collaborations than their US counterparts.
Here, the term 'collaboration' refers to a formai agreement between private firms
to share techrùcal resources for product development purposes. On this basis, the
data show that 52 % (n = 43) of the Canadian firms operate with collaborative
R&D agreements, compared to 40 % (n = 116) among US firms (chi-square =
4.04; P = 0.044). In proportional terms, then, Canadian firms are more likely
to engage in technological partnerships with other firms. An additional point is
that Canadian firms with external partnerships score higher on the innovation
index (59 %) than their domestic counterparts that operate without collaborative
links (38 %). This contrast is statistically significant (p = 0.042), but no such
contrast emerged for the US sample (or for the merged sample).
Interestingly, over half of the Canadian R&D-based partnerships are with US
companies. Data presented elsewhere show that Canadian firms typically enter
R&D partnerships to access external technical knowledge, whereas US firms
more often enter such partnerships to speed up the product development process
(Hartung 1997). While we do not have a full explanation for this contrast, im
pressionistic evidence gleaned from personal interviews revealed that Canaclian
firms typically have a harder time recruiting and/or retaining university graduates
than US firms. To an extent, then, the contingency relationship shown in Table
4 may refIect labour market differences between the two countries. This might
also explain why Canadian tïrms exhibit lower levels of graduate employment
than US firms (Table 1).
A fmal contrast between the two samples is presented in Table 5, which
shows the distribution of export markets for Canadian and US firms. Here, the
data are simple unweighted averages that do not account for firm size (our
weighted estimates are not much different). A striking feature of the data is that
Canada and Mexico account for a combined 70 % of US exports (Canada alone
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TABLE 5 Export Markets for Canadian and US Firms (% distribution)
Origin

Canada

USA

n.a.

58%

USA

15%

n.a.

Africa

29%

1%

Destination
Canada

6%

12%

S.America

12%

3%

Asia

14%

7%

6%

14%

18%

5%

100%

100%

Mexico

Europe
Other
Total
Note:
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company size, age, export-intensity, external collaboration, innovation and R&D
spending (t-tests), and the same holds true for location (i.e. chi-square tests were
conducted to probe for possible regional differences in the distribution of 'will
ing' versus 'unwilling' firms). On this basis, we believe that our follow-up
subsample is representative of the broader sample. While our post-survey inter
views were structured with multiple objectives in mind, we choose to focus only
upon those findings that pertain to the results shown in Tables 1 through 5.
With regard to export activity, interviews with Canadian firms revealed that:
~
~
~

1. These data are not weighted by company size.
2. n.a. = nat applicable
~

absorbs 58 %), whereas the US and Mexico account for only 21 % of Canadian
exports. Overall, 72 % of US exports are destined toward developed nations
(Canada and the European Union), whereas over 60 % of Canadian exports are
destined toward newly emerging markets (NEMs) or developing countries (nota
bly in Africa and the Caribbean). These results suggest that Canadian GIS firms
differ considerably from their US counterparts in terms of export focus.
From a theoretical standpoint, the US export data conform to Linder's (1961)
model of international trade, in that US shipments primarily flow toward regions
that compare closely with the US on a per-capita income basis. In contrast,
Canada's export pattern fits more closely with Ohlin's (1933) factor proportions
theory (i.e. international comparative advantage), in that shipments flow mainly
to regions that exhibit different factor conditions and/or lower income levels.
Given that Canada and the US have similar income levels and similar internai
demand structures, the difference in export patterns must surely say something
about the nature of commercial GIS activity across the two nations. Is this the
case?

Discussion and Interpretation
To obtain further insights regarding the binational contrasts described above,
telephone interviews were conducted in 1997 with a total of 23 Canadian and 52
US firms (several of these interviews were followed by site visits in 1998). These
interviews were conducted with ail of the respondents that had previously indi
cated a willingness to be interviewed (i.e. the original survey instrument con
tained a yes/no check-box to this effect). To test for possible bias, 'willing'
versus 'unwilling' firms were compared across ail of the key variables mentioned
earlier. No statistically significant group differences were uncovered in terms of
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export markets are necessary to compensate for the small size of the home
market (as initially expected);
!ittle attempt is made to compete directly with US firms (either within the US
market or abroad);
developing nations and/or NEMs represent important markets because many
of Canada's more prorninent GIS firn1s have expertise in resource-related
fields; and
export contracts are frequently linked with Canadian government units (e.g.
the Canadian International Development Agency [CIDA]).

In contrast, US firms were found to exhibit weaker interest in exports because
of the large size of the US domestic market. Among US exporters to Canada and
Europe, moreover, few felt that serious competitors existed inside either of those
two markets. In terms of exports, then, it would seem that Canadians sell their
expertise in areas that reflect their comparative advantage in resource-related
areas, whereas US exporters more typically focus upon non-extractive fields.
With regard to external collaboration, US firms indicated relatively little
interest in forging links with complementary firms (though many do), whereas
Canadian companies were much more enthusiastic on this front. A discrirninating
factor that consistently emerged during the firm-Ievel interviews was that Cana
dian companies seek external partners to compensate for in-house technical
weaknesses (i.e. shortages of trained graduates), whereas US firms more typi
cally collaborate to speed up the innovation process. These motives are quite
different, in that the US objective is to create a larger mass of people with
comparable skills (more hands make lighter work). In contrast, the Canadian
objective is more often guided by a need to plug gaps in technical capability. In
the lexicon of Michael Porter (1990), the Canadian model entails 'tapping a
foreign diamond' to achieve international competitive advantage. While books
could be written about the precise nature of inter-firm collaboration in this
industry, suffice it to say that US and Canadian firms are not motivated by the
same imperatives or needs. Of the 23 Canadian firms that were interviewed, a
majority (n = 16) indicated that external partnerships are forged to access knowl
edge or expertise that could not be replicated in-house. In contrast, most of the
US firms (n = 41) noted that collaborators are sought to augment in-house
capacity (i.e. achieve critical mass).
With regard to this point, personal interviews uncovered a number of clues
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that may help to explain why US fim1s (as a group) score higher on our innova
tion metric than Canadian firms.
First, Canadian companies tend to offer products/services that are durable
(i.e. the need for frequent change is low). In contrast, US firms tend to introduce
add-ins or add-ons on a continuous basis, reflecting rapidly changing user expec
tations (e.g. frequent upgrades). There are, of course, plenty of Canadian firms
that innovate frequently, just as there are many US firms that innovate rarely.
The point, however, is that binational differences in innovation performance may
ultimately reflect differences in market focus rather than R&D efficiency. On this
note, it should be conceded that our innovation index may not be wholly appro
priate to the GIS sector. For instance, some firms innovate in response to rapidly
shifting user needs, whereas others specialise in markets where the need for
product change is relatively minor or infrequent. This suggests that an innovation
index based on output 'newness' may not fully represent competitive advantage
at the company level. In addition, it is possible that 'new' products may not be
truly 'innovative', in that some 'new' products may simply represent incremental
extensions to existing product families. We suspect (but cannot prove) that this
captures the US model to a greater extent than the Canadian model. Although our
surveys contained explicit definitions for 'innovation' that excluded incremental
improvements to existing product lines (see Hartung 1997), it is quite possible
that our index is clouded by respondent subjectivity.
Finally, it should be acknowledged that Canada and the US may face differ
ent climates for innovation and export development within the GIS sector (or,
indeed, within any other high-technology sector). For instance, Canada is widely
thought to have more generous export financing provisions than the US, whereas
the US is sometimes perceived as more innovation-oriented in light of superior
venture capital availability (Porter 1990). In a similar vein, Canadian firms
across a variety of sectors appear more likely to emphasise exports than their US
counterparts, if only because the Canadian market is fully ten times smaller than
its US equivalent. The task remains to assess the role of these types of binational
contrasts in the innovation and export performance of Canadian and US firms in
the GIS industry.

Summary and Conclusion
Evidence presented earlier suggests that Canada's expertise in the GIS sector is
slanted toward the needs of users in the primary sector. This would seem to
represent an extension of Canada's com~rative advantage in resource-based
industries. Not unlike other parts of the Canadian economy, Canada's GIS sector
is more export-oriented than its US counterpart. Although the US represents the
top export destination for most Canadian industries, this is not the case for the
GIS sector. Instead, Canadian GIS firms export mainly to NEMs and/or develop
ing nations. It would appear that R&D-based partnerships with other GIS firms
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represents a distinctly Canadian strategy within this industry. These partnerslùps
provide access to extemal knowledge, perhaps compensating for in-house techni
cal limitations (e.g. a lack of ski lied graduates).
The evidence also suggests that Canadian and US firms initiate partnerslùps
with complementary firms for different reasons. Specifically, US firms collabo
rate to speed up the innovation process, whereas Canadian fim1s more typically
collaborate to facilitate innovation. More bluntly, it would appear that US inno
vators could innovate without partners (albeit at a slower pace), whereas Cana
dian innovators more often require partners in order ta innovate. Given that
median employment levels for US and Canadian GIS firms are similar, an impli
cation is that US firms operate with superior human capital (as suggested by
Table 1). As mentioned earlier, however, it would appear that Canadian firms
have compensated for this problem by forging technological partnerslùps with
other GIS firms.
Nevertheless, several important research issues remain to be addressed,
sorne of which did not emerge until long after the interview transcription process
had been completed. To begin with, firms from both nations spend roughly the
same on applied R&D (around 15% of total sales), yet US fim1s innovate more
frequently than Canadian firms. If our interview-based findings are representative
of the industry as a whole, then presumably Canadian and US firms exhibit
different R&D priorities and/or different research goals. A second question
concems sub-national specialisations across the two countries. For instance,
several Canadian firms located in the Maritime provinces offer products/services
that relate to marine navigation, whereas many of the US firms located around
Washington DC supply specialised software to the US Census Bureau. With
hindsight, it is regrettable that our postal surveys did not ask for detailed infor
mation on the precise nature of the firms' outputs, clients, and/or client locations.
Thus, we are left with the impression that outputs are influenced by company
location (at least in some cases), but we do not know the extent to which this is
true across the industry as a whole.
Last, it would be interesting to assess the impact of GIS products/services
upon users. Recall that sorne of the recent literature on advanced producer
services suggests that knowledge-intensive inputs can support the commercial
and/or innovation efforts of clients. To what extent i.s this the case with GIS?
And, are there any significant Canada-US differences in this regard? These
questions, among others, suggest that there is considerable scope for future
empirical work on both the suppl Yand demand-side characteristics of tlùs rela
tively young industry.
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