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IS TECHNOLOGY POLICY PRACTISED AS IT IS PREACHED?
FINNISH EVIDENCE**
PETRI ROUVINEN
ETLA, The Research Institute of the Finnish Economy, Lönnrotinkatu 4 B,
FI-00120 Helsinki, Finland (email: pro@etla.ﬁ)

The second Finnish Community Innovation Survey is used to study whether the
technology policy practice was consistent with the ofﬁcial rhetoric in the mid
1990s. Findings suggest that a ﬁrmʼs likelihood of receiving public R&D support
increases with outside collaboration, the ability to beneﬁt from inward spillovers,
and R&D-intensity. There is some indication that the likelihood also increases
with size and employeesʼ formal education. It is conﬁrmed that Tekes promotes
cooperation and networking, conducts its mission selectively, and facilitates the
exchange of knowledge. It is, however, not found that it would particularly focus
on small and medium-sized enterprises or new ﬁrms. (JEL: O31, O32, O38, L29)

1. Introduction
Arrow (1962) drew economistsʼ attention to
the incentive problems and property right issues in information generation. He conceptualized information as a public good with the
characteristics of non-excludability, non-rivalry,
as well as indivisibility in production and use.
Arrow suggested legal remedies to prevent involuntary information transfers but nevertheless
noted that “… no amount of legal protection can
make a thoroughly appropriable commodity of
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something so intangible as information.” (Arrow, 1962, p. 615). This appropriability problem causes the market to fail, that is, to depart
from a Pareto efﬁcient outcome.
Technology policy is typically targeted at restoring private agentsʼ incentives to innovate
despite less than full appropriability of R & D.
Tax credits and subsidies on innovative activity,
intellectual property right protection schemes,
as well as appropriately ʻslackʼ competition
policy, are among the tools used by most advanced countries to promote innovation (Hall,
2002). All the aforementioned instruments are
only second-best alternatives, as they distort
economic incentives, enforce monopolistic behavior in downstream markets, and/or introduce
other problems – unfortunately ﬁrst-best alternatives are not feasible in practice.1
1

This was kindly pointed out by an anonymous referee.

51

Finnish Economic Papers 2/2004 – Petri Rouvinen
Obviously the government can also fail in
its attempts to ﬁx the market (Krueger, 1990;
Yager et al., 1997). In fact it invariably fails, if
the outcome of a perfectly competitive market
is taken as the benchmark. A more appropriate
a priori starting point and an ex post benchmark might be ʻinterim efﬁciencyʼ (Holmström
et al., 1983). A market is interim efﬁcient, if the
policymaker, subject to the same informational
constraints as market participants, could not
improve on the market. Due to the appropriability problem the market for innovation is not
interim efﬁcient. Thus, fundamentally the scope
for technology policy remains.
In what follows, some aspects of R&D support in Finland are studied. More precisely,
whether the objectives of the technology policy,
as stated in the Finnish law, are fulﬁlled in light
of observed behavior is studied. In other words,
whether Finnish technology policy is indeed
ʻpractised as it is preachedʼ.
The following Section 2 develops the hypothesis to be tested in Section 5 with the data discussed in Section 3 and the model derived in Section 4. Findings are discussed in Section 6 and
conclusions are drawn in Section 7. It is found
that a ﬁrmʼs likelihood of receiving public R&D
support increases with R&D-related outside collaboration, the ability to beneﬁt from inward
spillovers, and internal R&D-intensity. There is
some indication that the likelihood also increases
with ﬁrm size and employeesʼ formal education.
Most of the hypotheses tested are conﬁrmed: it is
found that Tekes promotes cooperation and networking, conducts its mission selectively, and
facilitates the exchange of knowledge; it is, however, not found that it would particularly focus
on small and medium-sized enterprises (SMEs)
or new ﬁrms during the observation period.

2. Stated objectives of Finnish technology policy
Finnish technology policy is in practice carried
out via direct R & D support of the National
Technology Agency (Tekes). Sections 2 and 3
of Act 429 of the Finnish law (7 May 1993)2
deﬁne its mandate and mission as follows:
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[Tekes supports] … societal welfare and stable
development by directly or indirectly promoting
the technological evolution and competence level
of [Finnish] industry and its ability to develop
internationally competitive products, processes,
and services. (Extracted from Section 2 of the
law. Translated by the author.)
[Tekes] … plans, ﬁnances, and administers research and development projects geared towards
generation, implementation, and utilization of
[new] technology. It funds and consults in ventures developing [new] products, processes, and
services, as well as facilitates widespread utilization of international technological knowledge,
cooperation, and technology transfer. In addition,
Tekes participates in planning Finnish technology
and innovation policy along the lines laid down
by the Ministry of Trade and Industry (Extracted
from Section 3 of the law. Translated by the author.)

Additionally, Decree 467 (28 May 1993) includes references to SMEs and to cooperation
between private businesses and research organizations.
Tekes is ﬁnanced directly from the state budget. Section 32.44 in the 1996 budget proposal
(pp. 288–92) concerns Tekes and includes reﬁnements on its mission: Tekes is to conduct its mission ʻselectivelyʼ, ʻparticular attention should be
paid to newly established companies and to the
possibilities of R&D-related networking amongst
ﬁrmsʼ, and ʻparticular attention should be paid
to possible networking between large and small
companiesʼ (p. 289, translated by the author).3
Act 429, Decree 467, and the 1996 budget
proposal give us an idea of what Tekes should
do. It can be inferred that, as of 1996, Tekes
should (in the decreasing order of testability):
(1) target SMEs and new/recently established
companies, (2) promote cooperation in general
2
Replaced Act 161 (11 February 1983). Sections 1 as
well as 4 through 9 are of administrative/juridical nature
and are therefore not discussed here.
3
The funding of Tekes is decided in the budget of the
central government, annually prepared by the cabinet of
ministers and eventually accepted by the parliament. The
proposal for the 1996 budget was presented to the President
on 5 September 1995.
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and particularly between private business and
(academic or other) research organizations, (3)
encourage networking in general and particularly when it is related to R & D and/or takes
place between small and large companies, (4)
conduct its mission ʻselectivelyʼ, which we
interpret to mean that Tekes should attempt to
select projects having the greatest likelihood of
bearing fruit or being of great national importance, and (5) facilitate the diffusion and transfer of knowledge.
The market failure argument seems to underlie the mandate of Tekes, but in Finnish policymaking this is frequently understood as failures of the ﬁnancial rather than the information
markets. In fact, as seen above, maximizing the
social returns of innovative activity or restoring
some optimal level of effort are not mentioned
in the stated objectives.

3. Empirical analysis
3.1. Data
Eurostat coordinates and national statistical ofﬁces conduct European Community Innovation
Surveys (CIS) studying innovation at the ﬁrm
level. The ﬁrst CIS round was completed in the
early 1990s and the second in the mid 1990s
(CIS-2). CIS-2 on Finnish manufacturing ﬁrms
is used here. The survey asked, among other
things, whether the ﬁrm had, in the 1994–6 period, introduced product innovation(s) or made
use of process innovation(s).4 The Finnish questionnaire, unlike the E.C. harmonized survey,
also included a question directly related to technology policy: “Did your enterprise receive public (monetary) aid for its innovative activities in
1996 (for example, in the form of subsidies or
subsidized loans)? Yes/No” (Ofﬁcial Statistics of
Finland, 1998, p. 53, translated by the author).5
4
In CIS-2 terminology, an innovation is a new or improved product or process, the characteristics of which are
signiﬁcantly different from previous ones from the implementing ﬁrmʼs point of view.
5
Thus, it is only observed whether a ﬁrm received
subsidies (or subsidized loans) in 1996 or not; the actual
monetary amounts, subsidy type(s), or whether the ﬁrm had
applied for but not received subsidies and/or subsidized
loans are not observed.

CIS-2 data is matched with industrial statistics, R & D surveys, ﬁnancial statement ﬁgures,
and educational statistics. For non-CIS data, the
average of deﬂated 1994–6 (or available years)
ﬁgures is used. The sample of 1,008 manufacturing ﬁrms accounts for roughly half of Finnish
manufacturing employment.6 Brief variable deﬁnitions and descriptive statistics are presented in
Table 1 (for detailed discussion on the variables
and their construction, see Rouvinen, 1999).
The ﬁrst three variables in Table 1 are discussed above. From the descriptive statistics
it can be inferred that a good one ﬁfth of the
sample received R&D support. The next ﬁve
variables relate to the neo-Schumpeterian literature revolving around the roles of new
ﬁrms, ﬁrm size, and R&D. The ﬁnancially-constrained dummy is constructed as proposed by
Ali-Yrkkö (1998).7 The multi-plant dummy is
a rough control for ﬁrm structure. Three measures of employeesʼ educational levels control
for disembodied human capital. Employeesʼ
average age and tenure within the ﬁrm are also
included. A ﬁrmʼs ability to beneﬁt from disembodied inward spillovers is measured as the
average of answers to the importance of patents,
conferences, the Internet, fairs and exhibitions
as sources of innovation. Three measures of cooperation are included.
The ﬁrst Schumpeterian (Schumpeter, 1934)
hypothesis argues that competition among entrepreneurs drives innovation. The second hypothesis (Schumpeter, 1942) emphasizes, somewhat conﬂictingly, the importance of oligopolistic market structures in promoting innovation.
These hypotheses are captured by the ﬁrst two
6
In more exact terms, the target sample is constructed
as follows: all ﬁrms with more than 100 employees were
included; two-digit industries and size categories by employment (10–19, 20–49, and 50–99 employees) formed
the basis for stratiﬁed random sampling with an additional
restriction that at least ﬁve ﬁrms should be included from
each segment. The sampling ratio ranges from 39.5 % to
78.5% across the two-digit manufacturing industries.
7
Ali-Yrkköʼs idea is that – in order not to be ﬁnancially
constrained – the ﬁrm must be able to cover its interest
expenses and some of the depreciation of its productive
capital stock with its proﬁts. Thus, the ﬁrm is deﬁned as
being ﬁnancially constrained, if the value of the following
formula is negative: Operating proﬁt – Interest expenses
–½* Depreciations.

53

Finnish Economic Papers 2/2004 – Petri Rouvinen
Table 1. Descriptive statistics.

a

b

c
d

Level of aggregation: all variables are derived at either the ﬁrm or 2-digit industry level. Industry deﬁnitions (TOL95
industrial classiﬁcation – see note in Table 2) and observations per industry: food & beverage (15): 105, tobacco (16): 2,
textiles (17): 31, apparel (18): 33, leather (19): 13, wood (20): 73, pulp & paper (21): 31, publishing & printing (22): 93,
coke etc. (23): 2, chemicals (24): 41, rubber & plastics (25): 46, non-metallic minerals (26): 47, basic metals (27): 25,
fabricated metal prod. (28): 84, machinery & equipment (29): 146, electrical equipment (30): 10, electrical machinery
(31): 47, radio, TV & communications equip. (32): 40, medical devices (33): 34, motor vehicles (34): 25, other transportation equip. (35): 27, and other manufacturing (36): 53 ﬁrms.
Unit of measurement or the type of variable: dummy (0, 1), thousands of employees (1,000), ratio of two variables (ratio), share of the total (share), hundreds of years (100 yr.), or a scaled survey question response / scaled sum of survey
question responses (0–1, survey questions originally scaled from 0, corresponding to unimportant, to 3, corresponding
to very important).
Statistical sources: Community Innovation Survey (CIS), Financial Statements Statistics (FSS), Industrial Statistics (IS),
Labour Survey (LS), or provided by Aija Leiponen (AL).
If not available in CIS, R&D Surveys were used instead.

industry-level variables in Table 1. Schumpeter
is also associated with the technology-push
view of innovation, competing with the Schmooklerian (1966) demand-pull view – proxies
for both are included. As the Finnish innovation
survey does not include questions on appropriability and in a cross-section the opportunities
to study industry dynamics are rather limited,
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indirect proxies for both are derived. The last
two industry-level measures capture the role of
embodied technology.
Table 2 presents the breakdown of innovative activity and its public support by major
industries. It also shows the shares of various
types of innovators receiving public support. By
industry, from 9 % to 38 % of the sample ﬁrms
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Table 2. Breakdown of R&D support and innovation by major industries

Note: TOL95 refers to the 1995 standard industrial classiﬁcation by Statistics Finland, which is mostly in accordance with
the NACE classiﬁcation system of the European Union.

receive support. At the industry level the support is positively correlated with a larger share
of innovating ﬁrms. Within industries mostly
innovators receive support, although exceptions
are found in the lower-tech industries. In all the
major industries over one third of the innovators receive support. Three-quarters of the electric and electronics manufacturing ﬁrms having
both process and product innovations receive
public support.
3.2. Model speciﬁcation
There are three main alternatives in addressing
the problem at hand, all of which are complicated by the fact that the reference period of
the public R&D support question (1996) differs
from – but nevertheless overlaps with – that of
the main body of the questionnaire (1994–6).
First, the support dummy could simply be included as one of the explanatory variables in
a regression, suggesting that it is exogenous.
This could be plausible, if public funding contributed to the ﬁrmʼs ability to make process
and/or product innovation(s). In such a context
public support should precede innovative activity. In the current context, however, the tim-

ing is at best simultaneous.8 Second, it could
be considered that in the ﬁrst stage the ﬁrm
applies for support,9 and in the second stage,
after the decision of Tekes is revealed, R&D
(the level of which may also be zero) is carried
out. This approach also suggests an ordering of
moves that is counterfactual in the data.10 Third,
a model of three endogenous variables could
be devised: the product innovation dummy, the
process innovation dummy, as well as the dummy for receiving support. They are determined
simultaneously and jointly. Given the data, this
is perhaps the most plausible alternative.
Rouvinen (2002) proposes and implements a
framework for analyzing the characteristics of
product and process innovators. It is assumed
that ﬁrms innovate because it is proﬁtable for
8
Thus, provided that Tekes conducts its mission ʻselectivelyʼ and believes that ʻsuccess cumulates successʼ in innovation, that is, that past innovators are more likely to
innovate again, the dummy could merely be a proxy for past
innovative success.
9
It can be thought that ﬁrms that do not apply, do so
implicitly but will never receive support.
10
If this approach is nevertheless implemented, the
dummy may be considered a tool for dividing the sample
into two parts which, at least if Tekes is successful in its
ʻselectivityʼ, might be labeled ʻmoreʼ and ʻlessʼ potential
innovators.
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them to do so, that is, expected proﬁts of an
innovating ﬁrm i must be higher with (πiI) than
without (πiN) innovation:

Table 3 presents the estimation results of the
model. The coefﬁcient estimates of the process
and product equations are quite similar to those
obtained in the bivariate probit estimation (cf.
Rouvinen, 2002, Table 1). Thus, the focus is on
the ʻsubsidyʼ equation.
Four factors contribute positively and signiﬁcantly to a ﬁrmʼs likelihood of receiving
public support: cooperation with academic or
non-academic outside partners, ability to beneﬁt from inward spillovers, and internal R & D
intensity. There is some indication that two additional variables, ﬁrm size and the share of em-

ployees with research degrees, also increase the
ﬁrmʼs likelihood of receiving subsidies and/or
subsidized loans. The latter ﬁnding may be interpreted as a signaling effect: since the true innovative ability is unobserved, R&D support is
in part based on this ﬁrm characteristic believed
to be correlated with the ability.12
Findings on the ﬁve hypotheses deﬁned in
Sections 2 are as follows. (1): Firms with less
than a hundred employees are no more likely to
receive support. In fact there is some indication
that larger ﬁrms are more likely to receive it.
New ﬁrms are also no more likely to be supported. (2) and (3): Cooperating ﬁrms are indeed
more likely to receive subsidies. Since cooperation is in fact one form of networking, the latter
hypothesis is also fulﬁlled. (4): While the issue
of ʻselectivityʼ cannot be addressed directly, it
is clear that ﬁrms with larger pools of human
capital (abundant R&D and formal education)
are more likely to receive support. Thus, some
ʻselectivityʼ is observed. (5): If Tekes provides
any meaningful ways to share new ideas, for
example, in the form of publications or seminars, the mission of ʻfacilitating the diffusion
and transfer of knowledgeʼ is fulﬁlled. Thus,
this hypothesis is in practice self-fulﬁlling.
Robustness of the above results is studied below with univariate probit models and a recursive multivariate probit system.13 The univariate
estimations in Table 4 with or without industry
dummies and with or without the innovation indicators as explanatory variables yield similar
results. Both of the innovation dummies are statistically signiﬁcant, which may be interpreted
as further evidence of selectivity.
As discussed above, the timing of the process and product innovation, as well as the R&D
support, differ – the innovation(s) precede by
two years, but the innovation and subsidy measures do overlap for 1996. This raises a concern
that the process and product innovation mea-

11
Since the diagonal elements of the variance-covariance matrix are set at one, the system is identiﬁed “up
to scale” (see, e.g., Bertschek et al., 1998), which for the
present purposes is sufﬁcient. Rouvinen (2002) tests for the
presence of multiplicative heteroscedasticity but ﬁnds no
evidence for it.

12
Interestingly, there is no indication that ﬁrms with a
high share of employees with research degrees would be
more likely to innovate after controlling for other relevant
factors.
13
The virtues of reporting also these results were kindly
pointed out by an anonymous referee.

(1)

yi* = πiI – πiN > 0

Unfortunately proﬁts with and without innovation are not observed. It is merely observed
whether the ﬁrm in fact innovates or not. The
observed counterpart to yi* is yi, taking the value
of zero (does not innovate) or one (innovates):
(2)

{

*
yi* = 1 if and only if yi > 0
0 otherwise

A latent regression can be speciﬁed:
(3)

yi = βʼxi + εi

β is a vector of coefﬁcients, xi is a vector of explanatory variables, and εi is an error term. Rouvinen (2002) studies both process and product
innovations, i.e., for each i he considers a pair of
yi s with a bivariate probit model. Here a trivariate
probit model is implemented with an additional
equation concerning public R &D support.11
3.3. Estimation results
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Table 3. Trivariate probit estimation results.

Note: ***, **, and * indicate, respectively, signiﬁcance at 1, 5, and 10% level. Estimation with Limdep 7.0
for Windows.

sures in the two sections on the right in Table 4
might be endogenous.
Even if exogenous instruments are unavailable, the above multivariate probit system can
be modiﬁed to become recursive. An example
of such a system can be found in, for example,
Maddala (1983).14 As long as the explanatory
14
The same idea is employed in solving triangular simultaneous equations (Lahiri and Schmidt, 1978).

variables in the innovation equations are not
in the subsidy equation, technically the system
collapses to a standard multivariate probit as
certain conditional probabilities in the likelihood function cancel out. In a sense choosing
the exogenous variables that appear in the innovation equations – but not in the subsidy equation – is analogous to choosing instruments for
the endogenous variables.
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Table 4. Univariate probit estimation results with/without industry dummies and with/without the process and product
innovation dummies (the R&D subsidy equation in Table 3 reproduced for reference in the ﬁrst column).

Note: ***, **, and * indicate, respectively, signiﬁcance at 1, 5, and 10 % level. Estimation with Limdep 7.0 for Windows.
Industry deﬁnitions for the dummies as in Table 2.

In Table 5, a simpliﬁed version of the above
model is considered that is nevertheless rich
enough to enable the study of the imposed hypotheses. As far as the subsidy equation is concerned, the selectivity of Tekes is only studied
with the share of research degrees, and cooperation is captured by a new dummy indicating
whether or not the ﬁrm conducts any kind of
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outside cooperation. Qualitatively the results
remain the same also in this speciﬁcation, although here R&D support seems to be related
only to product – not process – innovation(s).
Regardless of the ﬁne properties of the Finnish CIS-2 sample itself, the data generation
process underlying the policy indicator here is
far from random. For instance, the ﬁnding that
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Table 5. Trivariate probit estimation results of a simpliﬁed recursive system.

Note: ***, **, and * indicate, respectively, signiﬁcance at 1, 5, and 10 % level. Estimation with Limdep 7.0 for Win-

R&D-intensive ﬁrms are more likely to receive
public support for their innovative activities,
potentially tells about two selection processes.
First, it may suggest that R&D-intensive ﬁrms
are more likely to apply for support. Second, it
may suggest that the screening of Tekes favors
R&D-intensive ﬁrms. It is likely that both selection processes are at work reinforcing each oth-

er. As pointed out by Klette et al. (2000), these
pose serious and difﬁcult-to-solve problems in
contexts were impacts of subsidy schemes are
studied.
The focus here is not, however, on the impact
of subsidies but rather on the selection processes themselves. Thus, the non-randomness is not
a problem, in fact it is what is modeled, and the
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remainder of the sample, that is, ﬁrms that do
not receive subsidies, indeed is a relevant control group. Note that the data is not treated as
an outcome of a quasi-experiment, and causal
inferences of the results are not made. In the
model, receiving a subsidy is endogenous and
conditional on the explanatory variables.
It is nevertheless true that the data and analysis leave something to be desired. First, knowledge of ﬁrms applying for but not receiving subsidies would be desirable. Among other things
this would enable the civil servantsʼ selectivity
to be analyzed with respect to the pool of applicants. Second, having information on the actual timing of moves would expand the scope of
potential analysis tremendously. Third, although
not necessarily feasible in practice, ideally one
would have randomly assigned subsidies as a
treatment and then observe the same ﬁrms in the
next period, in which case one could perform
difference-in-differences analysis in a truly appropriate context. Fourth, on a related note, in
any case panel data would enrich the analysis.
Fifth, as always, more details on the behavior
and characteristics of the ﬁrms would be desirable. It would, for example, be interesting
to know whether ﬁrms sought and/or received
private ﬁnance for their R&D projects.

4. Conclusion
In light of the results, is Finnish technology policy practised as it is preached? It is not possible
to conclude that Tekes, as of 1996, was focusing
on promoting SMEs or new ﬁrms. It is found that
Tekes promotes cooperation and networking, conducts its mission ʻselectivelyʼ, and facilitates ʻthe
diffusion and transfer of knowledgeʼ, at least in
the sense discussed above. So the answer is ʻyesʼ
or ʻmaybeʼ to four out of ﬁve of the hypotheses.
Legislation and budgetary decisions deﬁne
the mission of Tekes in rather general terms.
This may be a sensible strategy on behalf of
politicians, at least if they trust Tekes to understand and carry out what is best for society at
large. If, however, policy makers were unsatisﬁed with, for example, lacking SME focus, the
issue could easily be addressed via legislative
and budgetary means.
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Traditionally, Finnish market failure concerns have related to ﬁnancial market failures,
although Hyytinen et al. (2003) convincingly
argue that they have diminished or even disappeared in recent decades. Imperfect appropriability and, on a related note, restoring a desired
level of innovative activity or maximizing its
social returns, are rarely discussed.
Overall, the possibility of a government
failure should be seriously discussed. In an
interim efﬁcient world more passive policies,
for example, tax credits (not used in Finland in
the observation period or since), may be more
efﬁcient ways of reaching the desired goals.
Furthermore, policy formulations with the best
of intentions may have adverse incentive effects. For instance, SME support will, at the
margin, reduce ﬁrmsʼ incentives to grow, that
is, make them remain (or even shrink to become) SMEs.
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