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Abstract This article investigates the role played by
one type of firm interaction, namely R&D cooperation,
and also the acquisition of labor, in the promotion of
industrial innovations. We employ a unique innovation
dataset from Finland which combines firm specific
information about the innovation performance of the
firms along with their individual characteristics, as well
as firm specific information regarding the origins of their
recent labor acquisitions. Analyzing this data allows us to
identify the different roles which the knowledge spill-
overs and labor markets play in the innovation process.
Our results suggest that small firms are generally more
innovative than large firms; R&D cooperation is an
essential feature of innovation, but the variety of
cooperation is of little importance; and labor acquisition
appears to be only of limited importance for innovation.
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1 Introduction

Finland is interesting as a benchmark case for analy-
zing the process of high-technology innovation. This is
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because it is one of the world’s most specialized
countries in terms of high technology outputs
(Ali-Yrkko 2001), with one of the highest national
R&D to GDP ratios, as well as one of the world’s most
sophisticated systems of university—industry collabo-
ration (GIER 2006). In addition to these interesting
structural features, Finland has also developed
uniquely by detailed data on the operation of high
technology industries, thereby allowing researchers to
investigate analytical issues which are currently not
possible in many other countries. This article will
employ such unique data in order to investigate the
diverse mechanisms by which knowledge spillovers
and knowledge transfers may promote different types
of innovation.

Over the last two decades, the role played by
knowledge spillovers and human capital has become a
major focus of research interest amongst economists
analyzing processes of innovation and growth. This
research interest in knowledge spillovers arose pri-
marily on the basis of the seminal work of Romer
(1987), while the role of human capital was highlighted
by Lucas (1988). Since then, various extensions and
applications of the links between innovation and
growth have also been proposed by among others,
Acs and Audrestch (1990, 1991) and Porter (1990).
In all of these various approaches, knowledge flows
are assumed to take place among firms or between
firms and organizations, via either knowledge spill-
overs among individual people, or knowledge
transfers via the acquisition of embodied human capital
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(Audrestch and Stephan 1996; Caniels 2000; Breschi
and Lissoni 200la, b). Both of these knowledge
transfer mechanisms, namely knowledge spillovers
or the acquisition of embodied human capital, are
assumed to be mediated primarily by face-to-face
contact. However, the relative importance of these
different mechanisms has hardly ever been tested.

This article will explicitly examine these questions
by identifying and distinguishing between the effects
on innovation of knowledge transfers via inter-firm
and inter-organizational contacts, from the effects on
innovation of knowledge transfers associated with
labor acquisition. In order to do this, we employ a
unique innovation dataset from Finland on firm
innovation behavior, which combines firm-specific
information on the nature of inter-firm and inter-
organizational contacts, and also the patterns of firm
labor recruitment. By relating each of these features to
innovation performance we are able to distinguish
between the effects on innovation of face-to-face
knowledge spillovers from those of labor acquisition.
Our results suggest that small firms are generally more
innovative than large firms; R&D cooperation rather
than R&D is an essential feature of innovation; the
variety of cooperation linkages is of little importance
for innovation; and labor acquisition appears to be
only of limited importance for innovation.

The article is organized as follows. In the next
section we provide a brief overview of the key
theoretical features of the relationship between inno-
vation, face-to-face interaction and labor markets. In
Sect. 3, we discuss the data employed and our
methodology. In Sect. 4, we report and discuss the
empirical results of our nine different probit models
of innovation, with Sect. 5 providing some brief
conclusions.

2 Knowledge spillovers and innovation

Since the seminal work of Schumpeter (1934), the
wide-ranging literature on the determinants of inno-
vation has tended to focus on two key lines of
enquiry. First, research aims to identify the charac-
teristics of the firms and entrepreneurs which promote
innovation. Here, some of the key issues which have
emerged as playing a significant role in promoting
firm innovation are the size of the firm and levels of
R&D expenditure (Van Dijk et al. 1997), the stock of
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human capital inputs, the sector of activity, and the
mode of firm ownership and organization (Cantwell
and Tammarino 2003). More recently, over the last
two decades there has also emerged a widespread
interest in the role which knowledge spillovers may
also play in the innovation process. Among the
various approaches employed to identify the nature of
these knowledge spillovers, some articles have
focused on the role played by specialist labor pools
(Audretsch and Stephan 1996; Almeida and Kogut
1999) and the density of local activity (Ciccone and
Hall 1996; Carlino et al. 2007) in promoting innova-
tion and growth.

In almost all of the literature dealing with inno-
vation and growth, it is generally assumed that face-
to-face contact between individuals and firms is
positively related to the levels of innovation. Face-to-
face contact might promote innovation by: increasing
the possibility of informal knowledge spillovers
between firms or individuals; by increasing the
mutual transparency of competitor behavior and
thereby competitor responses (Porter 1990); by
increasing the levels of trust and cooperation between
firms (Scott 1988); and by increasing the inter-firm
mobility of labor (Almeida and Kogut 1999). In
principle, it is theoretically possible to treat the first
three knowledge transfer mechanisms as being qual-
itatively quite similar to each other, whereas the
fourth mechanism, namely the inter-firm mobility of
labor, is rather different. The reason for this becomes
clear if we adopt the analogy of a simple stock-
inventory model. The first three types of mechanisms
generally involve high-frequency short-term transac-
tions of relatively small quantities of knowledge or
information, in comparison to the total knowledge of
the persons undertaking the transaction, whereas the
inter-firm mobility and acquisition of labor involves
relatively less frequent transactions in which the
whole human capital of the individual is transferred
for a significant period. Unfortunately, a lack of
appropriate data has meant that it has previously not
been possible to distinguish among these effects. This
is because, while empirical data on patents and R&D
are readily accessible along with aggregate measures
of labor skills and education, additional micro-
econometric data on labor mobility and innovation
is relatively very difficult to find.

Along with indices of innovation and R&D, a few
research articles also have incorporated information
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on labor hiring patterns. From these articles, there is
some evidence which supports the role played by the
pools of human capital in promoting innovation
(Angel 1991; Audrestch and Stephan 1996; Almeida
and Kogut 1999; Breschi and Lissoni 2003; Franco
and Filson 2000; Persson 2002; Power and Lundmark
2004). Yet, without very detailed data on both
knowledge spillovers and labor mobility, as well as
data on innovation, identifying the exact mechanism
by which knowledge spillover effects are mediated is
very difficult. Moreover, these articles are very much
in the minority. As such, there are as-yet been made
no comprehensive attempts at distinguishing, isolat-
ing, and evaluating the effects of knowledge
spillovers which accrue because of inter-firm or
inter-organizational relations, from the effects of
knowledge transfers embodied in acquired human-
capital, which take place due to the mobility of labor
among firms. In most recent studies of innovation,
analyses which emphasize the role played by infor-
mal knowledge spillovers (Kaiser 2002) have tended
to predominate over human capital and labor mobility
explanations.

In this article, we explicitly aim to identify the role
which labor acquisition plays in promoting innova-
tion, after controlling for other firm specific
characteristics, including face-to-face contact with
other firms and organizations. In order to do this, we
employ data on the innovation behavior and perfor-
mance of Finnish high technology firms. As well as
information about the innovation behavior of the firm,
these data provide us with detailed information about
the structural characteristics of the firms, and also
information about the R&D cooperation behavior
between individual Finnish firms and organizations.

R&D cooperative relationships usually begin as a
result of informal knowledge spillovers, although
they subsequently develop into much more complex
and formal arrangements. Of all the possible types of
inter-firm relations, R&D cooperation relationships
require the most intense face-to-face contact in order
to be both established and maintained (De Meyer
1993). This is because the required level of trust
embedded in the mutual commitments made by the
firms tends to be the highest of all types of inter-firm
and inter-organizational relations. Therefore, testing
whether the existence, nature and variety of R&D
cooperation relationships is related to innovation,
provides an indirect test of whether the existence,

nature and variety of intense and continuing face-to-
face contact is related to innovation.

Having controlled for the impact on innovation of a
firm’s structural characteristics, and also for the nature
and variety of a firm’s cooperative R&D relationships,
we are then also able to extend the argument to
investigate the effects on a firm’s innovation perfor-
mance of the origins of the firm’s labor acquisitions.
This will allow us to isolate the independent role on
innovation performance which is played by knowledge
transfers associated with human-capital acquisition,
from the role associated with inter-firm and inter-
organizational knowledge spillovers, associated with
R&D cooperation relationships.

In essence, the analysis here attempts to answer the
following question: having controlled for all firm
scale characteristics, what roles, if any, do R&D
cooperation and labor acquisition play in promoting
innovation?

3 Data and methodology

The establishment-level data used for our research
comes from innovation surveys conducted by Statistics
Finland in 1996 and 2000. Statistics Finland is the
national statistics office for the government of Finland.
The innovation surveys undertaken by Statistics Fin-
land are conducted in line with the European Union
Community Innovation Survey (CIS) framework and
the OECD (2005) definitions and classifications of
innovation.! These surveys collect information about
an individual establishment’s innovation performance,
defined as the launching of any new or substantially-
improved products or processes during the previous
two years. In addition to the innovation outputs, the
innovation surveys also provide information about the
firm’s innovation cooperation with other enterprises or

' The definitions of innovation are based on the Oslo Manual
(OECD 2005) which sets out the guidelines for collecting
interpreting innovation data from the CIS surveys. All high
technology firms did not necessarily take part in all the
innovation surveys, which means that the size of data varies
from year to year. However, the high technology industries
were selected specifically according to the OECD classifica-
tion. Although the surveys have been conducted every second
year from 1996 onwards, at the time of the analysis only the
1996 and 2000 surveys collected detailed information regard-
ing the types of R&D cooperation relationships.
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institutions. For the purposes of this research, these
innovation databases have also been further expanded
with information from the Finnish R&D Surveys, the
Finnish Business Register for 1990-2002, and the
Finnish Longitudinal Employer-Employee Database
(FLEED) maintained by Statistics Finland. These
additional databases provide us with information about
the R&D expenditure of the firms and also details about
the origins of the labor recently acquired by the
establishment. Our combined database now includes
establishment-level information regarding each of the
types of innovations exhibited by an establishment, the
employment size of each establishment, the R&D
expenditures of the establishment, and the sales
revenue of each establishment, the nature and variety
of the R&D cooperation relations of the firm, and the
origins of the labor recently acquired by the firm.

Our dataset comprise all the Finnish high-technol-
ogy firms which were included in the two innovation
surveys of 1996 and 2000, and are made up of firms
engaged variously in biotechnology, electronics,
nanotechnology, telecommunications and computers,
and activities related to these core technology sectors.

The basic establishment-level unit of analysis we
adopt is that of the ‘local unit’ LU, which contains all
of a firm’s establishments within the same local
municipality, and the innovation behavior we ascribe
to the local unit comes from the firm level innova-
tion data. Assigning innovation behavior to the local
unit is straightforward in the case of a single plant or
single site firm, or a multiple site firm with all
establishments in the same locality, because here the
firm is the local unit. In the case of a multiplant firm
which has establishments in different areas, each
individual establishment is the unit of analysis, and in
the absence of any additional information, the inno-
vation behavior we ascribe to each establishment is
that of the multiplant firm as a whole. In the case of
Finnish data this technique has already been previ-
ously adopted elsewhere (Alanen et al. 2000).” The
surveys also provide information about the R&D

2 There are two major justifications for this technique. First, if
we assume that information is transferred effectively between
different local units within the same firm (Orlando 2000), then
it is appropriate to give the same innovation status to all the
individual local units of the same firm. Second, the majority of
the surveyed firms had less than three establishments, and
almost half had only one establishment.
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interaction between individual firms and other firms or
institutions, which are specifically undertaken in order
to promote innovation, and this information is
provided at the level of the firm. Once again, with
single plant firms or with multiplant firms in the same
locality, assigning interaction and cooperation behav-
ior to the local unit is straightforward. However, in the
case of multiplant firms with establishments in
different localities, it is possible that all the individual
establishments do not interact with other firms or
organizations to the same extent. However, once
again, in the absence of any additional information,
we assign the same levels of cooperation and inter-
action to each establishment within the same firm.

Given the types of data that we have at our
disposal, the analysis of these data is most appropri-
ately undertaken by employing a series of probit
models, in which we estimate the probability of a
particular type of innovation taking place, as a
function of the size and expenditure characteristics
of the firm, the cooperation behavior of the firm, and
the labor acquisition behavior of the firm. In order to
test the relationship between innovation behavior and
the importance of these various features, we estimate
three different types of probit models. In each of
these three models the binary dependent variable is
defined as being equal to 1 if the local establishment
has managed to introduce new innovations during the
previous two years and equal to O if it has not. The
three separate probit models cover all three response
categories of innovations, i.e., product innovations,
process innovations, and new products introduced to
the market. Product innovation represents the situa-
tion where a firm has introduced a product to the
market which is new for the particular firm, but not
for the industry. Process innovation represents a
situation where a firm has introduced a new produc-
tion process or a new service delivery process. New
product to market represents a situation where a firm
introduces a product which is new to the market as
whole, and can be considered as being the most
advanced form of innovation.

The set of independent variables we employ
includes dummy variables for the employment size-
band categories of the local establishments, contin-
uous variables for the establishment turnover and
the lagged R&D expenditures of the establishment,
plus a dummy variable indicating whether the
establishment has cooperated with other firms and
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institutions on R&D issues during the previous two
years. Our co-cooperation variable takes a value of 1
if the local establishment cooperates with at least one
type of partner, and O if it does not have any kind of
cooperation relationship with external partners. As
we have seen in Sect. 2, the importance of the
cooperation dummy variable employed here lies in
the fact that inter-firm cooperation is generally
regarded as being positively related to the level of
face-to-face interaction between firms, because of the
need to build up mutual trust and confidence. This
variable is therefore employed as proxy for face-to-
face contact. In terms of labor market variables we
employ a continuous variable representing the pop-
ulation density of the region, in order to capture any
local externality spillover effects which are external
to the individual firm (Carlino et al. 2007). Finally,
we employ detailed data about the numbers and also
the respective origins of the firm’s labor inputs which
have been acquired during the previous two years
from other sources. This allows us to construct a
continuous variable which represents the proportion
of a firm’s total employment that has been recently
acquired from each particular source of human
capital.

We run the set of three probit models, Model 1,
Model 2, and Model 3, in three different circum-
stances, giving a total of nine different probit
models. The models are estimated on the basis of a
pooled dataset from the two survey years of 1996 and
2000. Model 1 estimates the likelihood of a firm
producing a product innovation, Model 2 estimates
the likelihood of a firm producing a process innova-
tion, and Model 3 estimates the likelihood of a firm
producing a new product to market innovation. In the
first case we test whether firm innovation perfor-
mance is related to the existence of either R&D
cooperation relations, or to the particular sources of
the labor acquired. In the second case we test
whether the variety of R&D cooperation relations
exhibited by a firm are related to innovation, after
controlling for the particular sources of the labor
acquired. In the third case, whether the types of R&D
cooperation relations exhibited by a firm have any
impact on innovation, while controlling for the
sources of the labor acquired. As such, our models
become progressively more detailed as we move
from the three first-stage models to the three third-
stage models.

4 Results and discussion

The raw non-adjusted data (McCann and Simonen
2005) show that between the different size bands, the
proportion of firms innovating is relatively high
among both the groups of very small local establish-
ments employing less than 10 people, and also the
larger establishments employing more than 50
people, whereas the probability of innovation appears
to be lower among the establishments employing
between 10 and 49 people. This gives rise to a
J-shaped relationship between establishment size and
innovation intensity as observed by Tether et al.
(1997). A similar pattern is also observed for the
probability of cooperation for R&D activities. How-
ever, without also controlling for the various firm
characteristics within a probit model framework,
these preliminary observations cannot be relied on as
being robust.

The nine estimated probit models reported in
Tables 1, 2, and 6 have a goodness-of-fit of between
0.216 and 0.514,> and with all models exhibiting an
increasing goodness-of-fit with the inclusion of
additional explanatory variables. Moreover, as we
see in Tables 3-5, the prediction performance of the
models is consistently very high with the various
models correctly predicting the observed outcomes in
between 71% and 86% of the observed cases. The
threshold predictive value for accepting the predic-
tive performance of each of the models is when 50%
of observations are correctly predicted, so all of the
models easily surpass this acceptance criterion.*

3 McFadden (1979) and Louviere et al. (2000) argue that for
categorical response variable models, a McFadden pseudo R-
squared value of between 0.2 and 0.4 represents a very good fit,
with a pseudo R-squared value of 0.2 corresponding to an OLS
R-square value of the order of 0.7. In addition, we also report
the Efron pseudo R squared statistic, which is not based on
maximum likelihood estimations, but rather on the first and
second moments of the actual and fitted values (Estrella 1998).

* In order to check the robustness of the results we also
estimated the various models using logit models, and the
results are more or less identical to those generated by the
probit models. In addition we report the prediction tables
(Tables 3-5), which use the estimated coefficients, apply them
to each individual observation in the original data, and then
count the number of correctly observed outcomes. As we see,
almost all individual 1 or O counts pass the threshold value, and
the models as a whole easily surpass the 50% correct prediction
criterion.
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Table 4 Predictive performance of models in Table 2

Table 5 Predictive performance of models in Table 6

Model 1 in Table 2 (85.4% correct)

Predicted category

Frequency
0 1 Total
Product
innovations 0 35 18 53
1 14 152 166
Total 49 170 219

Model 2 in Table 2 (70.6% correct)

Predicted category

Frequency
0 1 Total
Process
innovations 0 52 26 78
1 19 56 75
Total 71 82 153
Model 3 in Table 2 (78.8% correct)
Frequency Predicted category
1 Total
New products
to the market 0 20 22 42
1 10 99 109
Total 30 121 151

Model 1 in Table 6 (84.9% correct)

Frequency Predicted category
0 1 Total
Product
innovations 0 34 19 53
1 14 152 166
Total 48 171 219

Model 2 in Table 6 (72.5% correct)

Frequency Predicted category
0 1 Total
Process
innovations 0 56 22 78
1 20 55 75
Total 76 77 153

Model 3 in Table 6 (79.5% correct)

Predicted category
Frequency
0 1 Total
New products
to the market 0 19 23 42
1 8 101 109
Total 27 124 151

The threshold value for accepting the predictive performance
of each of the models is 0.5

The threshold value for accepting the predictive performance
of each of the models is 0.5
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Table 6 continued

The introduction of The introduction of new

process innovation

The introduction of
product innovation

Dependent variable (0,1)

products to the market

The coefficients of Model 3
(p-values in parenthesis)

The coefficients of Model 2

(p-values in parenthesis)

The coefficients of Model 1
(p-values in parenthesis)

The name of the explanatory variables

153 151

219

Number of observations

Log-likelihood

—65.4460

—73.6706

—589113

32.35, 29, <0.001 23.82, 29, 0.016

62.28, 29, <0.001

LR-test (diff., df, p-value)

0.267
0.308

0.305

0.353

0.514

McFadden’s likelihood ratio index

0.507

Efron’s pseudo R? fit measure

*#%Sjgnificant at the 1% level; **Significant at the 5% level; *Significant at the 10% level

Table 1 shows the results of the models which test
whether innovation is related to either the existence
of R&D cooperation relations, or to the origins of
the labor acquired. In terms of the various size
characteristics of the firm, a small firm employment
size below 50 employees appears to be positively
and significantly related to the introduction of
both product innovations and also to the introduction
of new products to market. Meanwhile, all firm sizes
between 10 and 249 employees are less likely to exhibit
process innovations than are large firms. At the same
time, sales revenue is positively and significantly
related to new product innovations, while R&D
expenditure appears to be negatively related to process
innovations.

The one variable which is consistently found to be
positively related to all types of innovation perfor-
mance is R&D cooperation. In these three models,
cooperation with other firms or organizations for
R&D is always positively and significantly related to
all three types of innovation. As we have already
mentioned, R&D cooperation relationships require
the most intense face-to-face contact in order to be
both established and maintained. Therefore, this
result supports the argument that face-to-face contact
is always essential for all types of innovation.

In terms of the labor market results, we find no
support for the argument that population density
(Carlino et al. 2007) is important for innovation.
Indeed, controlling for the various firm characteristics
we find a negative result for product innovations. The
only other significant labor market effect at this stage
relates to the labor recently acquired which had
previously not played a full part in the labor market,
such as those who were previously unemployed or
part-time workers. Innovation of all three types
appears to be negatively related to the proportion of
a firm’s workers which fall into this category.

Table 2 reports the results of the models which test
whether the variety of types of R&D cooperation
exhibited by the firm are related to innovation, after
controlling for the origins of the labor acquired. The
seven types of cooperation partners are: other estab-
lishments within the same firm; customers and
clients; suppliers; competitors; higher educations
institutions; consultants; government research insti-
tutes or non-profit private research institutes. The
motivation for this model formulation comes from
the principles underlying new economic geography

@ Springer



192

J. Simonen, P. McCann

which regard the variety of knowledge and input
linkages is critical (Fujita et al. 1999).

In terms of the number and variety of R&D
cooperation, an absence of R&D cooperation is
negatively related to all three types of innovation, in
comparison to the benchmark case of 5-7 types of
partners, while cooperation with two or fewer types
of partners is negatively and significantly related to
the likelihood of producing process innovations.
For product innovations and process innovations the
variety of partners appears to be unrelated to innova-
tion. Meanwhile, the results for firm employment size,
sales revenue, R&D expenditure, labor acquisition,
and population density are a little changed from
before.

Table 6 reports the results of the models which test
whether types of origins from where labor is acquired
have any impact on innovation, having controlled for
the types of R&D cooperation relations exhibited by
a firm. Once again, the results for firm turnover, R&D
expenditure, and population density remain as above.
The results regarding the origins of recently acquired
labor also remain largely as above, except that the
acquisition of university graduates is now positively
related to new product innovations and new products
to market.

One feature which emerges clearly now is the
increasing advantage of having a small firm size for
generating innovations. Controlling for all firm and
labor market characteristics, we see that smaller firms
are relatively more likely to produce both new
product innovations and also new products to market
than are the benchmark case of large firms (250+
employees). This is demonstrated both by the increas-
ing values of the significant estimated coefficients as
firms sizes fall, and also by the increasing level of
significance associated with smaller firm sizes.

In terms of process innovations, very small firms
(1-9 employees) are no more likely to produce process
innovations than very large firms (250+ employees),
although both very large and very small firms are
always more likely to produce process innovations
than medium sized firms. As such, in terms of
generating process innovations, the disadvantages of
being a medium sized firm (10-249 employees) are
still clearly evident.

In terms of the types of cooperation, R&D coop-
eration with other parts of the same enterprise is
always positively related to all forms innovation.

@ Springer

R&D cooperation with customers is only weakly
related to product innovation and new products to
market, while R&D cooperation with suppliers is
weakly related to product innovations. R&D cooper-
ation with government or private non-profit research
institutes only appears to be positively related to the
introduction of process innovations, while no other
forms of R&D cooperation, including that with
universities, appear to be significantly related to any
type of innovation behavior.

We can summaries these various results into five
basic observations.

Our first observation is that controlling for the
characteristics of a firm and its external relations, firm
smallness increases the likelihood of a firm generat-
ing both product innovations and new product to
market innovations. This result is broadly consistent
with the observations of Brouwer and Kleinknecht
(1999).

Our second observation is that R&D cooperation
significantly increases the likelihood of all types of
innovations. This result differs from the observations
of Brouwer and Kleinknecht (1999). However,
cooperation between establishments within the
same firm enterprise appears to be by far the most
important form of cooperation. Cooperation with
other firms or organizations only appears to be
significant at the 10% level in specific cases, such as
with customers for both product innovations and new
products to market, with suppliers for product
innovations, and with research institutes for process
innovations.

Our third observation is that neither the origins of
the labor acquired nor the local population density
appear to be related to innovation performance.

Our fourth observation is that after controlling
for all firm characteristics, R&D expenditure does
not appear to be related to either product innovation
or new product to market innovations, and is
consistently negatively related to process innova-
tions. Presumably this implies that there is
competition for resources between R&D and pro-
cess innovations. On the other hand, cooperation
with universities or research institutes may facili-
tate process innovations. These results are therefore
quite different to the findings of Audretsch and
Vivarelli (1996).

Our fifth observation is that, contrary to new
economic geography assumptions, there is very little
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evidence that the variety of relations plays any major
role in the promotion of innovation. Rather than
variety being the dominant aspect of face-to-face
contact, it appears that the intensity and continuity of
a firm’s external relations are paramount. This
observation appears to be broadly consistent with
the arguments in the Total Quality Management
(TQM) literature (Schonberger 1996) which suggest
that intense long-term interactions with just a small
selected number of firms and individuals can foster
the promotion of innovation at all stages in the supply
chain (Nishiguchi 1994).

5 Conclusions

No previous articles, as far as we are aware, have been
able to relate data on both firm R&D cooperation and
labor acquisition to different types of innovation in a
manner which is as detailed and comprehensive as in
this piece of research. By using data on R&D
cooperation as a proxy for face-to-face contact and
knowledge spillovers, and combining this with infor-
mation on the sectoral origins of a firm’s labor
acquisitions, our results begin to shed some light on
the knowledge transfer mechanisms via which inno-
vation takes place within Finnish high technology
industries. Our results suggest that internal knowledge
generation and formal knowledge transfer mecha-
nisms are more important for all types of innovation
than external tacit knowledge spillovers. At the same
time, we find little or no evidence of innovation being
related to the sectoral patterns of labor acquisition,
except for the hiring of university graduates, and for
the development of process innovations via partner-
ships with research institutes. Universities appear to
play no direct role in the promotion of innovation.
That is not to say that external knowledge spillovers
are not important for innovation. Rather, in the
particular case of the Finnish high-technology sector,
our evidence suggests that external tacit knowledge
spillovers play a much lesser role than much of the
current literature on innovation systems assumes.
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