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Abstract 

A growing literature is trying to analyse the productivity gap 

between domestic and foreign firms with differences in innovation 

indicators. In our paper we analyse the relationship between 

inward and outward FDI at either company or industry level and 

the innovation behaviour of companies in Estonia. We use 

company-level data from three waves of the Community 

Innovation Surveys, which are combined with financial data from 

the Estonian Business Register and FDI data from the balance of 

payments statistics. For the analysis we apply a structural model 

involving equations on innovation expenditure, innovation 
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outcome and productivity, and also innovation accounting and 

propensity score matching approaches. Our results show that the 

higher innovation output of foreign owned companies vanishes 

after various company characteristics are controlled for, but there 

were significant differences in innovation inputs such as the higher 

use of knowledge sourcing and the lower importance of various 

impeding factors. Outward investment has a positive influence on 

innovativeness among both domestic and foreign owned 

companies. 

JEL Classification: F10, F23, O30 

Keywords: innovation, internationalisation, foreign direct 

investments, catching-up countries 
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1. INTRODUCTION 

It is well documented in the literature that foreign owned 

companies have higher productivity than their domestic 

counterparts (for an example review of the literature see Arnold 

and Smarzynska Javorcik 2005); although this may be due to 

foreign owners investing in more productive companies and 

sectors, it is also possible that technology is transferred from 

parents to local subsidiaries. The positive contribution of FDI to 

home country productivity can occur either through the own-firm 

effect of increased productivity in companies with foreign owners, 

or through spill-over effects with increased productivity in non-

FDI companies due to the presence of FDI in the same industry, or 

in downstream and upstream industries. However, as Stiebale and 

Reize have argued (2005), a better way to estimate the 

technological performance of foreign owned companies relative to 

domestic companies would be to study not productivity but rather 

the differences in the innovation input and output indicators such 

as spending on R&D, or more broadly on various kinds of 

innovation; the sources of information used for innovation; the 

patterns of cooperation in innovation; and product and process 

innovations. Alternatively, the main reason for the differences in 

productivity could be differences in knowledge (Criscuolo et al. 

2005) and studying the impact of FDI through a production 

function approach may tell us little about what the specific 

mechanisms are, and how knowledge spillovers from foreign to 

domestic companies occur (Knell and Shrolec 2006). Alternatively 

again, Vahter (2010) explains that most of the literature on FDI 

spillover effects has treated the transfer between FDI and domestic 

companies as a kind of a black box with no specific channels of 

knowledge transfer. 

In addition to creating knowledge spillovers, FDI inflow may also 

affect the work on innovation of local companies through stronger 

competition, which may either stimulate or impede innovation 

among local companies given the non-linear relation between 

competition and innovation (Aghion et al. 2005), while at company 

level the inflow of FDI may reduce financing constraints and so 

increase innovativeness. We should stress that both the home- and 
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host-country effects of FDI need to be considered, so we also need 

to distinguish between foreign and domestic multinationals, as 

knowledge transfer also occurs from the foreign subsidiaries of 

multinationals to the home country (Barba Navaretti and Venables 

2004). 

Seen from the theoretical perspective and earlier empirical results, 

the relationship between technology, innovation and FDI is 

ambiguous. Although multinational parents have access to more 

advanced technologies, they may have an incentive to transfer 

older technologies to local companies (Almeida and Fernandes 

2006). While in many countries foreign companies do a significant 

percentage of total industrial R&D, in most OECD countries 

foreign owned companies have lower R&D intensities than do 

domestic companies (OECD 2006). While there are advantages in 

centralising R&D work at the headquarters of multinationals to 

achieve economies of scale and scope, decentralisation has an 

advantage in linkages with local markets, customers and suppliers 

(Günther et al. 2009). Multinational companies may also tend to 

limit the spillover of their knowledge to non-affiliated companies 

in order to protect their ownership advantage (Schrolec 2008), and 

so it cannot be taken for granted that FDI enhances innovativeness. 

In essence there are two strategies behind cross-border innovation 

activities by multinationals, and these are asset exploiting and asset 

seeking strategies (Narula and Zanfei 2005). Under the first of 

these, multinational enterprises exploit company-specific assets in 

foreign markets through international production; while strategic 

innovation activities are concentrated in the home country for the 

reasons already discussed, engineering and design activities may 

be located close to customers and production so that products can 

be customized to the needs of local customers (Dachs and 

Ebersberger 2009). Under asset seeking strategies, multinationals 

develop products and processes in host countries to benefit from 

factors like the availability of a skilled workforce, or knowledge 

that can be gained from competitors, customers and universities; 

due to the tacit nature of knowledge such learning assumes that the 

innovation activities are conducted in the host country (Dachs and 

Ebersberger 2009). On the other hand several studies have found 

that foreign companies may be poorly embedded in a local 

innovation system (Günther et al. 2009). Numerous studies have 
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been undertaken into the effects of foreign ownership on various 

aspects of innovation by companies in developed countries; a more 

thorough review of the literature is provided in section two of the 

present article. If foreign companies show a different propensity to 

innovate than do domestic companies, a high presence of foreign 

companies could influence the technological performance of a 

country (Dachs et al. 2008). Foreign companies may have fewer 

innovation inputs if they can rely on their internal stock of 

knowledge, because this would allow them to focus on design and 

adjusting existing technologies to local conditions rather than on 

R&D; on the other hand these resources may enable them to come 

up with innovations more easily and thus have a higher innovation 

output (Dachs et al. 2008). Figure 1 shows a generalised summary 

of firm types, modes of internationalisation and innovation 

indicators used in the empirical construct; these are based on 

theoretical considerations and earlier studies. 

There are somewhat fewer studies into the impact of FDI on 

innovativeness in developing, transition and catching-up countries. 

Among those that there are, Erdilek (2005) shows that in Turkey 

foreign owned companies had both higher R&D intensity and a 

higher propensity to undertake innovation. Srholec (2006) showed 

that foreign affiliates were less likely to engage in intramural 

R&D, while by studying the impact of foreign ownership on 

cooperation in innovation in the Czech Republic, Knell and 

Srholec (2006) found that foreign owned firms were more likely to 

cooperate globally but less likely to cooperate locally. Alvarez 

(2001) found that for Chilean manufacturing, exporting was a more 

important determinant of technological innovation than was 

foreign ownership. Almeida and Fernandes (2006) found from a 

study of a large number of developing countries (43) that majority 

foreign owned companies were significantly less likely to engage 

in innovation than were minority foreign owned companies, as the 

technology transferred to majority foreign owned companies was 

more mature. Vishwsrao and Bosshardt (2001) found that in India, 

foreign owned firms were more likely to adopt new technologies 

than were domestic firms. Günther et al. (2009) found that while 

majority foreign owned firms in the five Central and Eastern 

European (CEE) countries were engaged in R&D and innovation, 

they built fewer technological linkages with local science 
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institutions, thus limiting the developmental impact of FDI. 

Srholec (2009) found that foreign ownership increases technology 

transfer through cooperation in innovation, especially in less 

developed CEE countries. Thus, in the present paper we aim to 

contribute to the understanding of the role of company 

internationalisation in the context of a catching-up country. These 

countries are usually further behind the technological frontier and 

have weaker domestic knowledge base, and so the question is the 

extent to which FDI can help to overcome these problems. An 

overview of the results of the different studies is also given in 

Appendix 1. 

 

Figure 1 Typology of innovating firms by their modes of inter-

nationalisation 
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The aim of this paper is to study the linkages between inward and 

outward FDI and the innovation inputs and outputs of domestic 

and foreign owned companies in Estonia, a small economy in 

Central and Eastern Europe. This region is a good candidate for 

studying the impacts of FDI; while these countries were closed to 

FDI before the onset of transition, since the beginning of transition 

they have witnessed massive FDI inflows. Even after almost 20 

years of transition these countries still face significant productivity 

gaps with the Western European countries, so the entry of 

multinationals with superior technology could be one way to close 

that gap (Günther et al. 2009). Especially interesting for the 

analysis of linkages between FDI and innovation is Estonia: the 

country is one of the largest recipients of inward FDI as well as 

being a source of outward FDI within the region; according to 

surveys it has one of the highest percentages of innovative firms in 

the CEE countries
2

; and, significantly, the differences in 

productivity between foreign owned and domestic firms have 

decreased over the course of time
3
 indicating possible knowledge 

spillover from foreign to local companies. 

The first novel contribution of the study to the literature is that it 

seems to be one of the first studies to use three different waves of 

the Community Innovation Survey (CIS), specifically CIS3 

covering 1998-2000, CIS4 (2002-2004) and CIS2006 (2004-2006). 

As several firms are represented in all three surveys, we are able to 

track the companies’ innovative performance over three time 

points, and also to study the impact of the changing economic 

environment on the link between FDI and innovativeness. For 

                                                           
2
 While the CEE countries mostly belong to the group of countries 

with a fixed low level of product innovation and varying low levels of 

process innovation, Estonia is the only one among all the CEE 

countries that belongs to the group of countries with high 

innovativeness dominated by product innovation (Meriküll 2008). 

3
 For instance, while in 1997 foreign owned firms were about twice as 

productive as local firms, in 2006 the difference was only 1.7 times 

(authors’ own calculations based on Estonian Business Register data 

for the business sector). 
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instance, while 1998-2000 in Estonia saw a recession caused by 

the Russian crisis that caused GDP growth to drop from 11% in 

1997 to 4% in 1998 and to 0.3% in 1999, then 2002-2004 and 

especially 2004-2006 saw annual average GDP growth rates of 

7.6% and 8.9% respectively. When there is rapid growth in GDP, 

wages and production costs, the motives for both inward and 

outward FDI change, and the impacts of FDI and innovative 

activities are also expected to change considerably. The CIS data 

were merged with the dataset from the Bank of Estonia on 

companies that have outward FDI and the company-level financial 

data from the Estonian Business Register in order to give the 

analysis additional data on the global engagement and financial 

indicators of companies. Thus we study the effects of both inward 

and outward FDI on innovation (as was also done by, among 

others, Criscuolo et al. 2005). 

The second contribution is that we combine various approaches to 

the analysis of linkages between FDI and innovation. The links 

between innovation inputs, innovation outputs and productivity are 

studied using the model by Crépon et al. (1998), in particular a 

version of the model developed by Griffith et al. (2006), which 

allows estimation of the innovation expenditure equation, the 

knowledge production function (with various innovation output 

variables as dependent variables) and the productivity equation 

(production function), with all the equations including company 

and industry level FDI variables. The contribution of various 

factors to the differences in the innovativeness of foreign and 

domestic companies is studied with the innovation accounting 

approach by using the Fairlie (2005) decomposition formulas. 

Finally we shall also use the propensity score matching (PSM) 

approach to identify the effect of FDI and internationalisation on 

various innovation inputs and outputs by considering the 

differences between FDI and non-FDI firms, for example the 

common observations that multinational companies are larger, 

foreign owners move into certain sectors and so forth. Thus our 

contribution to the literature is that we study the effects of both 

inward and outward FDI on innovation (as was done also by 

Criscuolo et al. 2005), and rather than focusing on one single 

indicator we analyse the differences in a broad list of indicators 

covering both innovation inputs and outputs. 



Foreign Direct Investment and Innovation in CEE  

 

11 

Such unique data and methodological triangulation allows us to 

study a rigorous set of variables that influence international 

contributions to host country innovativeness, both inputs and 

outputs, in greater detail. This research offers a novel and intricate 

look into the holistic and multi-faceted context of innovation in a 

small catching-up country which has a highly international and 

open business environment. It is this three-fold approach of data, 

methods, and high intensity context that sets this contribution apart 

from earlier empirical studies in the field. 

The rest of the paper is structured as follows: The next section 

introduces our econometric approach to the reader. The section 

after that describes the data that we use. The fourth section 

presents the results from the estimations of regression equations 

and the fifth section presents the results of the propensity score 

matching between domestic and foreign companies. The final 

section concludes and covers some policy discussions. 

2. ECONOMETRIC METHOD 

In the empirical analysis we estimate the innovation investment 

equations, knowledge production functions and productivity 

equations for our sample of firms. The model can be described as a 

multi-step model consisting of several equations, and it is based on 

the framework for estimating the input and output of innovation 

that was first developed by Pakes and Griliches (1984) and further 

developed by Crepon et al. (1998). This model, named the CMD 

model, has been used extensively to evaluate the impact of 

innovation on productivity, and also in earlier studies into the link 

between FDI and innovation (e.g. Johansson et al. 2008).  

A more detailed description of the model estimation is given in 

Appendix 3. The version of the CDM model used follows from 

Griffith et al. (2006) and was used by Masso and Vahter (2008). 

The model consists of four equations. In the first step, the two 

equations model the two-step innovation decision procedure. The 

first equation represents decisions by the companies on whether to 

make an effort of innovation, and the second equation models the 
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size of the effort. The two equations are modelled as generalised 

Tobit model. In the second step, a bivariate probit model is 

estimated for product and process innovations, using the predicted 

values for the effort of innovation from the first step as one of the 

explanatory variables. The last equation in the model is the output 

production function or productivity equation, where innovation 

output is now used as one of the inputs (Crépon et al. 1998, Lööf et 

al. 2003). The productivity equation is estimated using the 

predicted values from the second step probit models, as these 

account for the endogeneity of the innovation output variables. 

The first equation depicting the decision to engage in innovation 

activities uses the following explanatory variables: a dummy for 

foreign companies; firm size; a dummy for the presence of public 

funding; a dummy variable denoting the use of formal protection 

like trademarks or copyright; and a dummy variable denoting 

exposure to international competition. The innovation expenditure 

equation uses dummies for public funding, international 

competition, cooperation in innovation and formal protection, in 

addition to several other variables. We have included three 

ownership variables in the innovation expenditure equation: 

domestic multinationals, which are domestic companies with 

outward investments; foreign companies without outward FDI; and 

foreign companies with outward FDI. This means that the 

reference category is domestically owned firms without foreign 

investments. We also included a vector of variables for 

impediments to innovation, covering lack of finance, the 

prohibitive cost of innovation, and a lack of information about 

technology and markets. Unlike most studies, we did not define as 

dummies the variables of impediments, cooperation in innovation 

and information sources, but we followed Criscuolo et al. (2005) 

by giving each of them four values, 0, 1/3, 2/3 and 1; a higher 

value indicates that greater importance is attached to that 

cooperation partner, source of information or impediment to 

innovation by the company. We think that the advantage of 

defining the variables in this way is that it takes account of all the 

information covered in the survey. 

The list of explanatory variables in the innovation output equation 

includes the three ownership variables, firm size, industry 
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dummies, formal protection, public funding and a vector of 

variables for different sources of information. The innovation 

output equation also uses variables capturing the horizontal and 

vertical spillovers from FDI, showing the effects on domestic 

companies from foreign companies in the same industry and region 

in accordance with the literature on productivity spillovers from 

FDI. The foreign market share, given in terms of employment, 

measures the indirect impact of FDI on innovativeness. Domestic 

companies, and also other foreign owned companies, may also 

benefit from the introduction of new products and processes by the 

foreign affiliates if the firm-specific assets of the foreign 

companies are public goods, meaning that the foreign companies 

cannot gain all the benefits of their activity in the host country 

(Caves 1996). The spillover effects may occur through a diffusion 

of new technology caused by worker mobility between foreign 

owned and domestic companies; demonstration effects; or 

increased incentives to adopt state-of-the art technology as a result 

of the increased competition in the product markets (Blomström 

and Kokko 2003). The degree of horizontal FDI ( ijtHRFDI ) is 

measured as the share of total employment ( ijtL ) accounted for by 

foreign owned companies in industry j  at time t : 

(1) 















⋅= ∑∑

≠≠ ik

kjt

ik

ijtkjtijt LFORLHRFDI . 

The horizontal spillover variable is company-specific, so for each 

company employment is summed over the other companies in the 

industry. In addition to the indicators of horizontal spillovers, we 

also used two measures of FDI presence in backwardly and 

forwardly linked industries following the formulas by Girma et al. 

(2006) and using the input-output tables for Estonia for the years 

1997, 2000 and 2005. The backward measure of FDI in 

downstream industries for industry j at time t is calculated as 

(2) kt

jk

kjjt HRFDIBRFDI ∑
≠∀

= α , 
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where kjα  is the proportion of the output of sector j  supplied to 

industry k . The index for FDI in forwardly linked upstream 

sectors is: 

(3) kt

jk

kjjt HRFDIFRFDI ∑
≠∀

= β , 

where kjβ  is the proportion of sector k  output supplied to 

industry j . 

The explanatory variables in the productivity equation, or 

production function, are the log of physical capital per employee; 

the predicted values of the product and process innovation 

dummies from step two; a dummy for exporters; company size; 

three ownership variables that capture the internal company effect 

of FDI on productivity; and three variables for horizontal, 

backward and forward spillover effects. The export dummy and the 

size variable are lagged by two periods in order to account for their 

likely endogeneity, as more productive companies are more likely 

to export. Since the list of control variables also includes the 

capital-labour ratio for capital intensity, we are in fact estimating 

the effects of innovation on total factor productivity, not on labour 

productivity. The presence of the company size variable may also 

give us increasing or decreasing returns to scale. The intensity of 

competition is measured by the Boone index (profit elasticity 

measure) from Boone (2008)
4
. The theory for this is that if the 

market is more competitive, companies are punished more through 

lower profits if their efficiency declines. Formally, if profits of 

company i  are measured as itπ  and marginal cost as itc , then the 

measure can be estimated from the regression equation 

                                                           
4
 The most commonly used market-concentration measures, such as 

the total market share of the N largest companies or the Herfindal-

Hirchmann index, are not particularly useful for measuring the 

intensity of competition, especially in small countries like Estonia 

where competition in industries with a small number of companies 

and correspondingly high concentration could come from international 

markets. 
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ititiit c εβαπ ++= loglog , where β  indicates the percentage 

increase in profits due to a 1% decrease in marginal costs. The 

regression was estimated separately for each industry classified by 

the 2-digit industry codes. 

Finally, all the equations include six industry dummies that 

aggregate the industries according to the OECD technology levels 

of high-technology manufacturing, high-medium technology 

manufacturing, low-medium technology manufacturing, low 

technology manufacturing, knowledge intensive services, and other 

services. These explanatory variables have been used in earlier 

studies that apply the CDM model and in the studies into the 

linkages between innovation and FDI (Griffith et al. 2006; Lööf et 

al. 2003). The precise definitions of the variables can be found in 

Appendix 2. 

In order to disentangle the role of different factors in the 

knowledge production function so as to account for the difference 

in innovativeness between companies with different owners 

(domestic versus foreign), we also employ the innovation 

accounting framework (Mairesse and Mohnen 2002). More 

precisely, we use the version of the Oaxaca-Blinder decomposition 

modified for binary variables (Fairlie 2005) to decompose the total 

difference between the proportion of innovating domestic and 

foreign firms with product or process innovation ( fd YY − , 

indexes d  and f  for domestic and foreign respectively) into two 

components, the characteristics effect and the coefficients effect: 

(4) 

( ) ( )[ ] ( ) ( )[ ]dfddfpdpfd XPXPXPXPYY ,,,, ββββ −+−=−

,where P  is the average predicted probability of innovation, and 

dX  and fX  represent the characteristics of the domestic and 

foreign companies respectively. The vectors dβ , fβ and pβ  refer 

to the parameters of the knowledge production functions estimated 

with probit models, with the innovation indicator as the dependent 

variable in the samples of domestic companies, foreign companies 

and the pooled model (all companies and the ownership variable 
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used in the model) respectively. The characteristics effect 

(explained part of the innovativeness gap) shows the extent to 

which the different innovativeness of the two groups of companies 

can be explained by the differences in the values of explanatory 

variables, for example innovation expenditure, knowledge 

sourcing, cooperation in innovation, firm size and so forth. The 

coefficients effect, also referred to as the unexplained part of the 

difference, is due to the differences in the regression parameters of 

domestic and foreign firms, for example additional expenditure on 

innovation increases the probability of innovation to different 

extents in foreign and domestic companies. The decomposition 

was undertaken with the “fairlie” package written by Jann (2008) 

for Stata. 

In addition to the regression analysis, propensity score matching is 

used to cover the possibility that the comparison group for foreign 

companies does not consist of all domestic companies, as the 

literature has argued that only companies with relatively high 

productivity become international (Markusen 2002) and foreign 

companies are selective and may choose to invest in companies or 

sectors with higher levels of productivity and technology. 

Regression analysis may yield inconsistent results if the foreign 

ownership variable is correlated with the error term, while it may 

also be difficult to come up with good instruments for foreign 

ownership. This selectivity issue is tackled by constructing an 

appropriate control group from among companies without foreign 

investments that are as similar as possible to the foreign owned 

companies in several dimensions; this approach is based on the 

conditional independence assumption (Rubin 1977) that 

conditional on the vector of variables X  the outcomes are 

independent of treatment as participation in treatment does not 

depend on outcome. Usually, propensity score matching, or PSM, 

(Rosenbaum and Rubin 1983, Caliendo and Kopeinig 2005) is 

used to aggregate the information from a number of variables into 

a single variable called the propensity score, which shows the 

estimated probability of a firm being foreign owned, and the firms 

are matched using this score. Several papers on the impact of FDI 

have used the PSM (e.g. Falk and Falk 2006, Lööf and Johansson 
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2005). For the matching analysis we used the psmatch2 program 

written for Stata by Leuven and Sianesi (2003). 

The propensity score is estimated with a probit model where the 

dependent variable is a dummy variable (at time t) for foreign 

owned companies ( tiFDI , , which is then the treatment in our 

case) and independent variables are included in the vector 

described above tiX ,  of observable variables that may affect the 

choice of whether to invest abroad: 

 ( 5) )()1( ,, titi XFFDIP ==  

Then each foreign company is paired with its nearest neighbour(s) 

among the domestic companies in terms of the propensity score. In 

this way, the counterfactual ‘what if’ has been built. We use 

nearest neighbour matching, so that the treated firm is matched 

with the firm from the comparison group that is closest in its 

propensity score, and a Kernel matching algorithm where the 

weighted averages of all the companies in the comparison group 

are used to construct the counterfactual
5
. The use of several 

matching algorithms is justified because in small samples the 

results could be sensitive to the matching algorithm used 

(Heckman et al. 1998). Then, as a following step, the average 

treatment effect on the treated ( ATT ) is calculated (Caliendo and 

Kopeinig 2005) as 

( 6) 
control

t

treated

tPSM YYATT −= , 

where the first term on the right-hand side is the mean of the 

outcome variable of the treated firm (for example foreign owned 

firms) and the second term is a weighted mean of the outcome 

variable for the counterfactuals over the same period of time. In the 

matching analysis we compared firstly foreign owned firms to 

domestic firms, and secondly domestic multinationals to foreign 

owned companies. 

                                                           
5
 For Kernel matching, the Epanechnikov kernel has been used, with 

the bandwidth set at 0.06.  
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3. DATA DESCRIPTION AND 

PRELIMINARY DATA ANALYSIS  

In this study we use the Estonian Community Innovation Survey 

data from three different waves, CIS3 (covering1998-2000), CIS4 

(2002-2004) and CIS2006 (2004-2006). CIS3 data cover 3,161 

companies, CIS4 data cover 1,747 companies and CIS2006 data 

1,924 companies. The surveys were conducted by Statistics 

Estonia. The response rates in the surveys were high, 74% in CIS3 

and 78% in CIS4, while the EU average was 55% (Terk et al. 

2007). Whereas the innovation survey data give only limited 

information on companies’ global engagement and 

internationalisation, such as export activities and membership of an 

enterprise group, the innovation survey data were merged with the 

dataset of firms that have outward FDI compiled by the Balance of 

Payments Department of the Bank of Estonia; two updates to the 

dataset for the years 1995-2002 and 1998-2008 were combined. 

Thirdly, CIS data were also linked with company level financial 

data from the Estonian Business Register for all companies for 

1995-2006. The descriptive statistics of the variables used in either 

regression or descriptive analysis can be found in Appendix 2. The 

main characteristics of the firms’ innovation activities according to 

CIS have been covered by Kurik et al. (2002) using the CIS3 

results and by Terk et al. (2007) using the CIS4 results. There are 

several studies on the linkages between FDI and innovation that 

have used either CIS data on a single country or a small number of 

countries, but a few studies have also used the Eurostat 

anonymised CIS micro-data (like Schrolec 2008 and Falk 2008) 

that cover company level data for 15 EU and EEA countries in 

CIS3 and 16 countries in CIS4
6
. Figure 2 below shows that 

according to the Eurostat anonymsed micro-data in case of all of 

the the European countries covered, foreign companies are more 

innovative than domestic ones, the differences falling in the range 

                                                           
6
 In CIS4, the dataset includes Belgium, Bulgaria, Czech Republic, 

Germany, Estonia, Greece, Spain, Hungary, Italy, Latvia, Lithuania, 

Portugal, Romania, Slovenia, Slovakia and Norway. CIS3 includes 

Iceland in addition to these, but excludes Slovenia. 
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of 5-25 percentage points; foreign companies are most innovative 

in Portugal and Estonia, which again motivates the use of Estonian 

data for our study. Generally in Eastern Europe the differences 

between the two groups are much larger, which is similar to the 

results of Falk (2008) on CIS3 data. 
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Figure 2 Difference in the innovativeness between foreign and 

domestic firms across different countries (Source: own calculations using 

CIS4 anonymised micro-data, Note: innovative companies are those with either product 

or process innovation. All numbers are calculated with sample weights.) 

The next tables provide preliminary descriptive evidence on the 

relationship between FDI and innovation inputs and outputs 

according to Estonian CIS data. Table 1 shows the differences 

between different groups of companies in terms of various 

innovation output indicators. For most output indicators, domestic 

multinationals and foreign owned multinationals with outward 

investments are much more innovative than are simply foreign 

owned companies, while purely local companies are clearly in last 

place for innovation. Earlier studies have also revealed that direct 

investors demonstrate relatively high levels of productivity and job 

creation (Masso et al. 2008). These numbers are, on the one hand, 

in accordance with many earlier studies on the higher 

innovativeness of domestically owned multinationals compared to 

foreign owned multinationals (Johansson et al. 2008), while on the 

other hand they also indicate that the latter group is quite 

heterogenous in its innovativeness. One explanation and part of the 

story in our case is that the foreign owned companies without 

outward investments are small and medium sized companies 
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belonging to Scandinavian investors and not big multinationals. 

Given that, we have used here the 4-group classification of the 

companies instead of the classification used by Griffith et al. 

(2004). When imitative innovations which are new to the firm are 

compared with real innovations which are new to the market, the 

ranking is the same for radical product innovations that are new to 

the market, while for asset-exploiting strategies a lower level of 

novelty in innovation output is expected (Dachs and Ebersberger 

2009); however we can also see that local companies in particular 

make relatively more innovations that are new only to the firm. 

The share of radical innovations in sales is highest among the 

domestic multinationals in CIS3. This result is in line with the 

finding of Sadowski and Sadowski-Rasters (2008) that although 

foreign companies had a higher frequency of product innovations, 

there was a smaller difference in radical innovations.  

Table 1 Innovation output indicators by type of company in Estonia 

Variable CIS 

Local 

firms 

Domestic 

outward 

investors 

Foreign 

owned 

companies 

Foreign 

outward 

investors 

All 

firms 

Product innovation 

3 0.24 0.47 0.35 0.48 0.26 

4 0.32 0.55 0.48 0.54 0.36 

2006 0.27 0.37 0.42 0.65 0.31 

New to market 

product 

3 0.12 0.24 0.20 0.32 0.14 

4 0.18 0.38 0.27 0.42 0.20 

2006 0.13 0.20 0.24 0.39 0.15 

Process innovation 

3 0.21 0.40 0.32 0.53 0.23 

4 0.30 0.50 0.35 0.66 0.31 

2006 0.33 0.41 0.48 0.61 0.36 

New products as % 

of sales 

3 0.08 0.15 0.12 0.09 0.09 

4 0.05 0.13 0.10 0.13 0.06 

2006 0.10 0.10 0.17 0.10 0.11 

New market 

products as % of 

sales 

3 0.03 0.10 0.06 0.03 0.04 

4 0.04 0.05 0.05 0.06 0.04 

2006 0.03 0.04 0.04 0.05 0.03 

Organisational 

innovation 

4 0.39 0.54 0.46 0.76 0.41 

2006 0.38 0.52 0.55 0.69 0.42 

Table 2 presents the innovation input indicators for innovative 

firms, as defined in Figure 2. While Griffith et al. (2004) found 

that domestic multinationals have the highest spending on 

innovation and R&D followed by foreign owned multinationals 

and local companies, here the results show similar expenditures by 
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the two groups of domestically owned companies, while foreign 

companies spent less in the first two waves. Domestic 

multinationals and foreign outward investors have the highest 

numbers for continuous engagement in R&D, suggesting that 

internationalisation matters for the propensity of firms to spend on 

innovation. Concerning the use of sources of knowledge for 

innovation, the indirect investors (foreign owned companies with 

outward investment) have the highest use of internal company 

information sources, supporting the importance of intra-firm 

knowledge transfer mechanisms (as found by Srholec 2008). 

Direct investors (domestic outward investing firms) have the 

highest use of competitors as a source of information, indicating 

that those companies do not have a strong knowledge base 

themselves and they cannot reap useful information from their 

internal networks, and so instead they try to learn from the 

competitors in the markets where they have invested. They also 

have the highest use of universities as a source of information, a 

finding similar to those of many studies on the weaker 

embeddedness of foreign companies in the local innovation system 

(for example see Günther et al. 2009), although the role of 

universities as a source of knowledge is very low in all the groups 

of companies. This reflects the weakness of triple helix linkages in 

the Estonian innovation system and more broadly the 

overwhelming networking failure for such reasons as the 

discrepancy between the sectoral structure of the economy and the 

structure of public R&D funding (Varblane et al. 2008). 

Table 2 Innovation input indicators by different types of company in 

Estonia 

Variable CIS 

Local 

companies 

Domestic 

outward 

investors 

Foreign 

owned 

companies 

Foreign 

outward 

investors 

All 

businesses 

Continuous 

R&D 

engagement 

dummy 

3 0.28 0.37 0.29 0.54 0.29 

4 0.25 0.42 0.37 0.50 0.28 

2006 0.15 0.30 0.17 0.28 0.16 

Innovation 

expenditure per 

employee 

3 33.83 21.76 27.65 85.57 33.49 

4 40.99 38.36 24.00 24.34 37.17 

2006 62.54 63.51 93.01 67.92 69.83 
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Variable CIS 

Local 

companies 

Domestic 

outward 

investors 

Foreign 

owned 

companies 

Foreign 

outward 

investors 

All 

businesses 

Lack of 

appropriate 

sources of 

finance 

3 0.48 0.44 0.35 0.25 0.46 

4 0.41 0.33 0.28 0.24 0.39 

2006 0.35 0.25 0.24 0.25 0.33 

Innovation cost 

too high 

3 0.43 0.46 0.39 0.30 0.42 

4 0.37 0.41 0.26 0.32 0.35 

2006 0.34 0.26 0.29 0.35 0.33 

Lack of qualified 

personnel 

3 0.30 0.40 0.30 0.33 0.30 

4 0.39 0.50 0.35 0.34 0.39 

2006 0.43 0.42 0.41 0.44 0.42 

Lack of 

information 

about technology 

3 0.23 0.30 0.21 0.24 0.23 

4 0.22 0.31 0.23 0.18 0.23 

2006 0.23 0.28 0.21 0.26 0.23 

Lack of 

information 

about markets 

3 0.25 0.28 0.22 0.19 0.25 

4 0.23 0.30 0.22 0.19 0.23 

2006 0.23 0.33 0.19 0.28 0.23 

Sources within 

the firm or other 

firms within the 

group 

3 0.43 0.48 0.68 0.63 0.49 

4 0.58 0.80 0.70 0.91 0.62 

2006 0.60 0.79 0.73 0.78 0.64 

Customers as 

information 

source 

3 0.60 0.46 0.68 0.61 0.61 

4 0.60 0.58 0.64 0.73 0.61 

2006 0.57 0.48 0.61 0.53 0.57 

Suppliers as 

information 

source 

3 0.61 0.81 0.69 0.53 0.63 

4 0.55 0.58 0.57 0.73 0.56 

2006 0.61 0.53 0.69 0.67 0.63 

Competitors as 

information 

source 

3 0.47 0.43 0.46 0.39 0.47 

4 0.47 0.68 0.46 0.61 0.48 

2006 0.44 0.54 0.38 0.43 0.43 

Universities as 

information 

source 

3 0.13 0.17 0.12 0.11 0.13 

4 0.13 0.27 0.15 0.15 0.14 

2006 0.12 0.11 0.14 0.24 0.13 

Note. Each variable has the 4 values, 0, 1/3, 2/3, 1; a higher value indicates a greater 

importance attached to the particular source of information. 
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Among the different factors impeding innovative activities 

according to earlier works (e.g. Dachs and Ebersberger 2009), 

innovation barriers are more serious for both groups of 

domestically owned firms than for foreign owned firms; the 

biggest difference between foreign and domestic firms is found in 

the lack of financing and the cost of innovation. This fits in with 

earlier studies showing that Estonian domestically owned firms are 

financially constrained (Mickiwicz et al. 2006) and that the capital 

markets are generally less developed, meaning that FDI is 

important as a supply of funding. For the three groups other than 

foreign outward investors the problems with funding decreased 

over time, reflecting the strong inflow of capital in the form of 

both loans and FDI into Estonia during that period (see for 

example OECD 2009). Experience of internationalisation is 

reducing the severity of these barriers for domestic companies, 

though at the same time domestic multinationals have the largest 

problems related to personnel and to information about technology. 

4. RESULTS OF THE ECONOMETRIC 

ANALYSIS  

4.1. Innovation Expenditure Equation 

Table 3 presents the results of the estimation of the Heckman 

equation with a selection model for engagement in innovation and 

the outcome equation for the intensity of innovation expenditures 

as log innovation expenditure per employee. As we can see, while 

Johansson et al. (2008) and Dachs et al. (2008) found the 

likelihood of foreign companies making non-zero innovation 

expenditures to be either lower or insignificantly different from the 

domestic firms, in our case the parameter is positive
7
. Both the 

                                                           
7
 The parameter becomes insignificant after the dummy for group 

membership is included (this is usually found to have a significant 

impact on the innovation propensity, OECD 2009) as FDI firms are 

almost by definition part of a group of companies (although the 

correlation between the two dummies in our data is just 0.35); because 
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engagement in innovation and the size of innovation expenditures 

increase with the presence of public funding, a result that is similar 

to earlier results on Estonia (Masso and Vahter 2008 and Knell 

2008) and other countries (OECD 2009), although the extent of 

public support for innovation in enterprises has been limited in 

Estonia; in 2006, for example, only 9% of firms with innovation 

activities received public funding, a level that was the second 

lowest in the EU. The finding that both openness to international 

competition through exports and formal protection only really 

affect significantly engagement in innovation and not its intensity, 

although this did vary between the waves, is similar to the results 

by Griffith et al. (2006); however Masso and Vahter (2008) used a 

similar approach for the sample of Estonian manufacturing 

companies only, and found the variable to be significant in both 

equations. While operation in a foreign market was found to 

impact engagement in innovation positively in almost all the 

countries covered by the cross-country study by the OECD (2009), 

here it is significant only for the second and third waves, although 

the parameter is increasing over time. An explanation for the 

results could be that exports are dominated by labour intensive 

production, which does not require significant investments in 

R&D. 

Table 3 Innovation expenditure equation 

Variable CIS3 CIS4 CIS2006 

Coef. Z-stat. Coef. Z-stat. Coef. Z-stat. 

Innovation investment intensity 

(outcome eq.)     

Domestic outward 

investors -0.027 (-0.07) 0.215 (0.64) -0.129 (-0.43) 

Foreign firm without 

outward FDI 0.321 (1.63) 0.012 (0.06) 0.306 (1.80)* 

Foreign outward 

investors 1.151 (2.43)** 0.342 (0.79) 0.730 (2.02)** 

International 

competition 0.276 (1.80)* 0.225 (1.27) 0.297 (1.70)* 

Formal protection 0.850 (4.58)*** 0.170 (0.85) 0.276 (1.69)* 

                                                                                                                  

of this in all regressions we used the dummy for domestic companies 

belonging to groups instead. 
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Variable CIS3 CIS4 CIS2006 

Coef. Z-stat. Coef. Z-stat. Coef. Z-stat. 

Public funding 1.856 (5.65)*** 0.996 (3.39)*** 0.973 (4.19)*** 

Engaged in 

innovation 

cooperation 0.319 (2.68)*** 0.371 (2.75)*** 0.031 (0.25) 

Domestic group 0.301 (1.62) 0.398 (2.24)** 0.328 (2.05)** 

Lack of appropriate 

sources of finance -0.347 (-1.92)* -0.387 (-1.70)* 0.005 (0.02) 

Innovation cost too 

high 0.173 (0.92) 0.308 (1.45) 0.039 (0.19) 

Lack of qualified 

personnel -0.216 (-1.09) 0.050 (0.24) -0.224 (-1.16) 

Lack of information 

about technology 0.470 (2.00)** -0.314 (-1.12) -0.597 (-2.34)** 

Lack of information 

about markets 0.023 (0.11) 0.183 (0.73) 0.391 (1.64) 

F-test: industry 

dummies 0.000  0.000  0.000  

Engagement in innovation (0/1, 

selection eq.)     

Foreign firm 0.221 (2.84)*** 0.167 (1.91)* 0.291 (3.53)*** 

International 

competition 0.073 (1.19) 0.136 (1.70)* 0.303 (3.79)*** 

Domestic group 0.114 (1.51) 0.098 (1.11) 0.248 (3.04)*** 

Formal protection 0.750 (10.71)*** 0.719 (7.40)*** 0.541 (5.77)*** 

Public funding 1.722 (8.73)*** 1.503 (7.75)*** 1.654 (7.89)*** 

Log number of 

employees 0.206 (9.54)*** 0.163 (5.37)*** 0.199 (6.82)*** 

Rho 1.223 (10.04)*** 0.567 (3.06)*** 0.590 (4.37)*** 

F-test: industry 

dummies 0.000  0.000  .0003  

Observations 2818 1648 1786 

Log-likelihood -2769.154 -2205.512 -2644.275 

Notes. * significant at 10%; ** significant at 5%; *** significant at 1%. The marginal 

effects for the probability of engagement in innovative activities and the expected value 

of innovation investment are reported. Industry dummies have been included in 

regression equations. 

Concerning expenditure on innovation, foreign ownership as such 

has a positive impact only in one of the three waves (similar to 

Dachs et al. 2008), while foreign outward investors spent more in 

waves 4 and 2006. While Johansson et al. (2008) found that 

domestic multinationals outperform other companies in terms of 

R&D investments, here the variable for this is insignificant. 

Domestic companies that are members of groups also have higher 
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expenditure on innovation. One explanation for the many 

insignificant parameter estimates could be that the impact of 

ownership is captured by other explanatory variables such as the 

factors impeding innovation, which, as we saw, affect foreign 

companies much less, and of which only the lack of finance and 

the lack of information about technology exert a statistically 

significant negative impact on the intensity of spending on 

innovation. The variable for lack of funding became insignificant 

during 2004-2006, which can be explained by the improvement in 

that period in the ability of companies to fund expenditures both 

from internal sources, due to high profits, and from external 

funding such as improved access to bank loans during a period of 

strong macroeconomic growth in Estonia. Company size having a 

strong positive impact on engagement in innovation is in line with 

earlier studies and the Schumpeterian hypothesis that large 

companies in concentrated markets are more likely to innovate, 

though the causal relationship with innovation could go both ways, 

as successful innovation may help firms to grow. These results are 

mostly in line with the earlier studies, like Masso and Vahter 

(2008) and Knell (2008). Engagement in cooperation in innovation 

leading to an increase in the innovation expenditures seems to be 

in line with estimates from several other countries (OECD 1999). 

4.2. Innovation Output Equation 

The tables below present the results for the estimation of the 

knowledge production function with product and process 

innovation dummies used as the innovation output variable (as in 

Griffith et al. 2006)
8

. We estimated the equation using two 

specifications, one with only the firm ownership variables and the 

presence of FDI at industry level (Table 4), and the other with the 

whole set of explanatory variables (Table 5). In the first 

specification, all three other groups of companies, including the 

domestic companies that are members of a group, have a 

                                                           
8
 We also undertook estimations where the innovation output indicator 

was sales from new products per employee (used in many other 

studies, like OECD 2009, Lööf et al. 2003); the results were 

qualitatively similar. 
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significantly higher innovation output relative to the reference 

category of local companies. However, once we include other 

variables in the equation, most of the ownership variables, with the 

exception of domestic multinationals in CIS 3, cease to be positive 

and significant; in fact the negative parameter estimates for foreign 

companies indicate that after several factors have been controlled 

for they are actually less innovative than are domestic companies. 

This result contradicts those of Criscuolo et al. (2005), Dachs et al. 

(2008) and Johansson et al. (2008) among others. It might indicate 

that the differences between these groups are quite well captured 

by their different expenditures and knowledge flows
9
. Though 

many of these earlier results were also obtained for relatively small 

countries, our results could still indicate that in a market as small 

as Estonia, foreign companies may have fewer incentives to 

innovate. This is also borne out in surveys of foreign investors, 

who have indicated the small size of the market as an impediment 

to innovation. The dummy for exports is significant in the 

specification that only uses ownership variables, but becomes 

insignificant for most waves after other variables are included. 

Table 4 Estimates of the knowledge production function for the 

product and process innovations with bivariate probit model: first 

specification 

Variables Pr(Product innovation=1) Pr(Process innovation=1) 

CIS3 CIS4 CIS2006 CIS3 CIS4 CIS2006 

Export dummy 0.371 0.390 0.520 0.199 0.345 0.520 

(4.94)*** (4.90)*** (6.95)*** (2.76)*** (4.37)*** (7.43)*** 

Domestic 

multinational 
0.950 0.674 0.274 0.732 0.707 0.407 

(3.77)*** (3.65)*** (1.64) (2.88)*** (3.82)*** (2.50)** 

Foreign firm 

without outward 

FDI 

0.337 0.347 0.262 0.366 0.215 0.288 

(3.78)*** (3.91)*** (3.00)*** (4.11)*** (2.44)** (3.48)*** 

Foreign firm 

with outward 

FDI 

0.834 0.635 1.023 1.181 1.014 0.649 

(2.62)*** (2.24)** (3.74)*** (3.67)*** (3.57)*** (2.49)** 

                                                           
9
 Export dummy, FDI dummies and the company size variable could 

be quite strongly correlated, creating possible autocorrelation 

problems; however, if the export dummy is excluded from the model, 

the size of the estimated coefficient does not change significantly. 
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Variables Pr(Product innovation=1) Pr(Process innovation=1) 

CIS3 CIS4 CIS2006 CIS3 CIS4 CIS2006 

Domestic group 0.500 0.494 0.419 0.395 0.571 0.553 

 (5.96)*** (5.76)*** (5.21)*** (4.67)*** (6.68)*** (7.04)*** 

Foreign market 

share by 2-digit 

industry code  

0.643 0.483 -0.115 -0.092 0.365 0.120 

(2.28)** (2.08)** (-0.44) (-0.32) (1.56) (0.47) 

Forward FDI 

spillover 
1.392 0.818 0.699 1.624 0.310 0.988 

(1.98)** (1.54) (1.41) (2.35)** (0.53) (1.85)* 

Backward FDI 

spillover 
-2.931 0.218 -2.477 3.588 4.226 2.075 

(-1.71)* (0.16) (-1.74)* (1.98)** (3.17)*** (1.53) 

F-test: industry 

dummies 0.000 0.000 0.000 0.000 0.001 0.000 

Observations 
2099.000 1821.000 1886.000 2099.000 1821.000 1886.000 

Log-likelihood -

2015.458 

-

1861.261 

-

2016.919 

-

2015.458 

-

1861.261 

-

2016.919 

Note. The absolute values of the robust z-statistics are in parentheses. * significant at 

10%; ** significant at 5%; *** significant at 1%. Industry dummies have been included 

in all regression equations and found to be jointly significant in both specifications. 

In addition to the “own-firm” effect of FDI discussed earlier, FDI 

may also impact firm performance and behaviour including 

innovativeness more indirectly through spillover effects from the 

presence of FDI in other companies in the same industry 

(horizontal spillovers) or in upstream or downstream industries 

(vertical spillovers). Here the horizontal spillover effects are 

captured by the employment share of other FDI owned businesses 

in the 2-digit industries. So far only a small number of studies have 

looked at the impact of FDI spillovers on innovation output. 

Among those which have, both Bertschek (1995) and Blind and 

Jungmittag (2006) found that in Germany the higher market share 

of foreign-owned companies was associated with higher propensity 

to innovate and Girma et al. (2006) found the sector-level impact 

to be negative on Chinese state-owned enterprises but positive for 

companies with higher absorptive capacity, such as companies that 

export or invest in R&D or human capital, or that have previously 

introduced product innovations.  
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Table 5 Estimates of the knowledge production function for the 

product and process innovations with bivariate probit model: second 

specification 

Variables Pr(Product innovation=1) Pr(Process innovation=1) 

CIS3 CIS4 CIS2006 CIS3 CIS4 CIS2006 

Export 

dummy 
0.183 -0.093 -0.056 -0.145 -0.158 -0.175 

(1.78)* (-0.78) (-0.51) (-1.50) (-1.42) (-1.63) 

Domestic 

multinational 
0.582 -0.182 -0.122 0.110 0.017 0.031 

(1.87)* (-0.68) (-0.45) (0.34) (0.06) (0.12) 

Foreign firm 

without 

outward FDI 

-0.321 -0.103 -0.147 -0.295 -0.366 -0.215 

(-2.09)** (-0.81) (-1.23) (-2.12)** (-2.75)*** (-1.61) 

Foreign firm 

with outward 

FDI 

0.081 -0.450 0.331 0.407 0.222 -0.395 

(0.22) (-1.30) (0.97) (1.17) (0.83) (-0.91) 

Domestic 

group -0.044 -0.330 -0.212 -0.342 -0.207 -0.123 

 (-0.36) (-2.22)** (-1.78)* (-2.55)** (-1.54) (-1.06) 

Foreign 

market share 

in 2-digit 

industry  

0.820 0.380 -0.167 -0.165 0.195 0.189 

(2.18)** (1.23) (-0.47) (-0.39) (0.67) (0.53) 

Forward FDI 

spillover 
0.542 1.404 0.657 1.321 0.071 1.471 

(0.64) (1.75)* (0.92) (1.43) (0.10) (2.33)** 

Backward 

FDI 

spillover 

-5.753 -2.238 -3.511 4.634 4.872 2.597 

(-2.48)** (-1.23) (-1.89)* (1.99)** (3.08)*** (1.50) 

Innovation 

expenditure 

(pred.) 

0.277 0.684 0.396 0.513 0.347 0.441 

(2.31)** (4.30)*** (2.80)*** (4.28)*** (2.29)** (2.85)*** 

Formal 

protection 

0.105 0.355 0.326 -0.619 0.046 0.099 

(0.71) (2.52)** (2.37)** (-3.92)*** (0.32) (0.68) 

Sources 

within firm 

or group 

1.896 1.223 1.382 1.979 0.911 0.954 

(7.99)*** (8.69)*** (10.47)*** (8.49)*** (6.21)*** (6.72)*** 

Competitors 

0.274 0.647 0.546 0.449 0.345 0.298 

(1.35) (3.25)*** (2.93)*** (2.27)** (1.79)* (1.43) 

Customers 

1.288 1.226 1.334 0.131 0.325 0.267 

(7.26)*** (7.17)*** (7.83)*** (0.69) (1.74)* (1.40) 

Suppliers 

0.592 0.240 0.248 1.547 1.627 2.230 

(3.97)*** (1.58) (1.89)* (10.76)*** (11.51)*** (15.73)*** 

Log number 

of 

employees 

-0.014 -0.078 -0.114 0.072 0.125 0.098 

(-0.31) (-1.68)* (-2.43)** (1.82)* (2.67)*** (2.24)** 
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Variables Pr(Product innovation=1) Pr(Process innovation=1) 

CIS3 CIS4 CIS2006 CIS3 CIS4 CIS2006 

F-test: 

industry 

dummies .0802 .0074 .0171 .0071 .0363 .0475 

Observations 
2076.000 1463.000 1631.000 2076.000 1463.000 1631.000 

Log-

likelihood 

-

1184.528 

-

1047.897 -1143.834 -1184.528 -1047.897 -1143.834 

Note. Absolute values of robust z-statistics are in parentheses. * significant at 10%; ** 

significant at 5%; *** significant at 1%. The t-statistics in parentheses are robust. The 

coefficients reported are the marginal effects from the probit model on the sample mean 

values. Industry dummies have been included in all regression equations and found to 

be jointly significant in both specifications. 

As the tables show, the correlation between innovativeness and the 

horizontal spillover variable is positive and significant in CIS3, 

indicating that the presence of FDI in the industry is indeed 

associated with an increase in innovativeness, possibly due either 

to the stronger competitive pressure or to the knowledge flows 

from FDI companies to other companies that result from the flows 

of people, demonstration effects and other mechanisms that are not 

nullified by the business-stealing effect. This result is encouraging 

as it is quite often difficult to find robust evidence for the presence 

of FDI spillover effects in productivity regressions (for an example 

for Estonia see Vahter and Masso 2007), while the insignificant 

results could indicate that there is no negative competition effect 

(as was found by Girma et al. 2006). However, we stress that this 

is only a correlation here and this is not evidence in favour of the 

causal effects because FDI is quite likely endogenous, as foreign 

presence at industry level may also be affected by the productivity 

and innovativeness of an industry
10

. Concerning vertical spillovers 

(impact from foreign presence in downstream or upstream 

industries), there are some significant estimates for forward 

spillovers, such as foreign companies helping to upgrade the 

production operations of their local distributors. Some negative 

                                                           
10

 A possible solution for tackling these problems is to instrument the 

presence or entry of multinationals in the industry using the values of 

this variable in other countries in the same industry (Haskel et al. 

2009, Vahter 2009). 
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impact can be seen from backward spillovers for product 

innovations (found also by Girma et al. 2006), but it is more 

difficult to give an economic interpretation of this, and some 

positive impact can be seen on process innovations, where the 

presence of foreign companies in upstream industries could 

improve the quality of the intermediate inputs purchased and lower 

costs. 

The other variables in the equations have the expected signs. The 

predicted intensity of expenditure on innovation exerts a positive 

impact for both types of technological innovation, something that 

holds quite well across different countries (see OECD 2009 and 

Griffith et al. 2006). Customers are important sources of 

information for product innovation and competitors for both types 

of innovation, while information sources within the company are 

significant in all specifications (is similar to the results by Masso 

and Vahter 2008 on manufacturing). The positive value for the 

variable for competitors might show that companies are not able to 

prevent other companies from obtaining information about their 

production processes and that this knowledge spills over to other 

companies. The protection of innovation using formal methods is 

more important for product than process innovation, which could 

be because protection using formal methods is more often applied 

to product than process innovation. Firm size has an insignificant 

or negative impact on product and a positive impact on process 

innovation, so the Schumpeterian hypothesis is only confirmed for 

process innovation
11

, possibly because most product innovations 

are largely incremental, and thus, do not require large expenditures 

on R&D that only large companies can afford. On the other hand 

process innovations in the larger firms may produce significant 

positive results and improve the competitiveness of the company. 

                                                           
11

 Although, to be exact, Schumpeter did not state that there should be 

a positive linear relationship between innovativeness and company 

size, rather that in order to reap the benefits from innovation a 

company should have market power that could originate not only from 

company size but also from intellectual property rights, branding or 

limited substitutability of product (the authors are grateful to Priit 

Vahter for this remark). 
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The final table in this section presents the Fairlie decomposition of 

the importance of different factors for explaining the differences 

between the probabilities of foreign and domestic companies 

innovating. This exercise can be called innovation accounting 

(Mairesse and Mohnen 2002)
12

, and here we employ the 

methodological approach used by Falk (2008). In this, two binary 

probit regressions were run for domestic and foreign companies 

respectively, and the difference was decomposed using the 

estimated parameters and average values of the explanatory 

variables in the two groups
13

. The main result was that the different 

explanatory variables for the knowledge production function 

completely accounted for the innovation gap between foreign and 

domestic companies, meaning there does not seem to be much role 

behind the innovation gap for unobserved factors. What is more, in 

a few cases the difference in innovation output that cannot be 

explained by the differences in explanatory variables has the 

opposite sign to the raw difference, meaning that as with the results 

of the regressions presented above, if foreign and domestic 

companies have similar characteristics such as innovation 

expenditure and use various of sources of information, domestic 

companies are more innovative. The explained part of the 

difference can be further divided into various factors. The use of 

information within the group is quite important for explaining the 

higher frequency of product innovations by foreign owned 

companies (from 32% to up to 65%), while somewhat less so for 

                                                           
12

 Mairesse and Mohnen (2002) looked at the importance of different 

factors in accounting for inter-country differences in the innovation 

intensity (as a share of innovative sales) of R&D intensive industries 

of European countries. Criscuolo et al. (2005) used the framework to 

decompose the differences in the number of patents and the presence 

of technological innovations between companies with different global 

engagements (multinational parent vs domestic, multinational affiliate 

vs domestic, exporter vs domestic). Falk (2008) decomposed the 

differences between the innovativeness of foreign and domestic 

companies. 

13
The list of explanatory variables was in innovation accounting 

somewhat different, for example we excluded the FDI spillover 

variables. 
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process innovations (32-52%); it could be that the somewhat more 

radical product innovations rely more on specific knowledge 

within the group while for process innovations that source is less 

critical. Differences in expenditure on innovation account for 2-

29% of the innovation output gap; this is more important for new 

to market product innovations in CIS 2006 (44%, not reported in 

the table). It could be that foreign companies can simply rely on 

the expenditure of their parent abroad, so high levels of local 

expenditure are not necessary for innovation (Dachs et al. 2008). 

The role of industry and size effects is not very important (while in 

Falk 2008 company size had the largest effect). Similarly, the 

variables indicating market orientation also do not account for 

much of the difference between foreign and domestic companies. 

Table 6  Fairlie decomposition for the impact of foreign ownership on 

innovation output 

Variables 

Product innovation Process innovation 

CIS3 CIS4 CIS2006 CIS3 CIS4 CIS2006 

Domestic 35.1 23.7 32.5 34.8 21.5 40.2 

Foreign 48.5 34.8 47 42.4 33.8 52.6 

Difference 13.4 11.1 14.4 7.5 12.3 12.4 

Unexplained 

2.3 

 (17.2%) 

-4.8 

 (-43.2%) 

1.3   

(9%) 

-4.1 

 (-54.7%) 

-2.5 

 (-20.3%) 

-2.1  

(-16.9%) 

Explained 

11.1  

(82.8%) 

15.9  

(143.2%) 

13.2  

(91.7%) 

11.6  

(154.7%) 

14.8 

 (120.3%) 

14.4  

(116.1%) 

International 

competition -2.60% -4.80% -0.50% -4.20% -3.10% -4.60% 

National 

market -6% 3.40% -1.60% -3.10% -0.10% -1.40% 

Group -11% -3.80% -8.60% -4.40% -9.50% 2.60% 

Formal 

protection 0.40% 3.20% -2.40% 0.10% -5.40% -0.20% 

Sources within 

the  firm or 

group 65.10% 54.30% 63.30% 45.50% 51.80% 32.20% 

Vertical 38.40% 33.60% 26.70% 57.80% 36.50% 54% 

Competitors 14.70% 2.50% 7.30% 3.60% 1.40% -1.20% 

Universities -0.40% 0.20% -0.30% -0.30% 0.70% -0.10% 

Innovation 

expenditure 1.80% 9.50% 21.10% 1.90% 28.50% 15.40% 

Size 0% 1.80% -0.90% -1.70% -0.50% -0.80% 

Industry -0.40% 0% -4.10% 4.80% -0.20% 4.10% 
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4.3. Productivity Equation 

Before we come to the results of the regression analysis, Table 7 

presents differences in the productivity levels of innovators and 

non-innovators for various classes of firms. In most cases 

innovative firms are more productive than non-innovative firms by 

about 20-30 percent. The same can be said about the differences in 

the productivity growth rates. The relation is less robust for foreign 

companies without outward FDI, while for foreign companies with 

outward investments the relation is positive. There are no very big 

differences across the three waves of the CIS survey. The variable 

for foreign market orientation showed that in CIS3 (1998-2000) 

the companies for which the international market was the most 

important had much higher productivity growth, while in CIS4 

(2002-2004) the difference was much smaller and in many cases 

favoured companies with domestic market orientation.  

The difference between the labour productivity growth rates of 

innovative and non-innovative companies fell, especially for the 

companies oriented to foreign markets. In case of foreign market 

oriented companies with process innovations the productivity 

growth rate actually turned out to be negative. The weaker and less 

robust impact of innovations on productivity growth in the second 

period again contributes to the story of a lower impact from 

innovations during periods of strong economic growth
14

. 

 

                                                           
14

Similarly, Terk et al. (2007) noted that while in 1998-2000 

innovative companies had significantly higher sales growth than non-

innovative companies (16.9 and 4.4% respectively), in 2002-2004 the 

difference was negligible (14.4 and 13.0% respectively). This 

indicates that during the period of rapid economic growth (the latter 

period in this case) it is possible to increase sales without innovations. 

Notably however, innovativeness still mattered for sales growth in 

manufacturing. 
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Table 7 Innovator’s labour productivity premium by innovation 

variable, wave of CIS, ownership 

Group of 

firms CIS 

Product innovation Process innovation 

Sales/employees 

Value 

added/employees 

Sales/employees, 

level 

Value 

added/employees 

 

 

Dif. 

level 

Growth 

rates 

dif. 

Dif. 

level 

Growth 

rates 

dif. 

Dif. 

level 

Growth 

rates dif. 

Dif. 

level 

Growth 

rates dif. 

Local firms 3 26.1 3.1 21.6 4.68 7.3 2.75 11.5 26.1 

4 33.7 0.55 27 1.35 36.1 -1.2 26 33.7 

2006 26.8 5.84 28.6 11.35 33.5 5.01 30.9 26.8 

Domestic 

MNE 

 

3 9.3 -2.58 18.2 10.65 -32.3 -9.47 8.2 9.3 

4 -21.9 -4.89 20.5 -1.92 0.6 5.51 16 -21.9 

2006 -1.9 -3.01 95.8 -43.46 -31.2 0.37 8.1 -1.9 

Foreign 

firm without 

outward 

FDI 

3 28.2 8.77 29.1 6.67 28.7 12.03 34.7 28.2 

4 24.1 -1.14 12.9 3.5 -2 -4.29 4.2 24.1 

2006 2.3 80.81 13 3.17 4.6 72.64 4.4 2.3 

Foreign 

firm with 

outward 

FDI 

3 -20.8 2.36 19.5 -5.8 120.2 6.77 19.5 -20.8 

4 9.7 3.3 22.7 11.5 -20.2 0.26 23.9 9.7 

2006 62.6 11.41 240 14.03 85.8 6.7 12 62.6 

Main 

market 

domestic 

3 63.9 1.28 37.5 3.06 32.4 3.43 22.6 63.9 

4 46.2 -0.24 42.4 2.61 52.2 0.56 35.7 46.2 

2006 32.4 3.46 38.7 11.31 37.1 3.26 54 32.4 

Main 

market 

international 

3 2.9 7.32 21.7 8.59 24.8 4.58 31.9 2.9 

4 24.9 0 20.3 1.32 15.4 -2.56 15.9 24.9 

2006 17.9 28.92 26.4 7.35 20.8 25.28 16.3 17.9 

All firms 3 39.8 4.23 32.4 5.18 30.5 4.38 27.2 39.8 

4 34.5 -0.13 28.9 1.16 26.8 -1.81 23.2 34.5 

2006 26.2 24.38 31.5 7.74 29.5 20.86 26.3 26.2 

Table 8 below presents the estimates of the productivity equation. 

We employ here two measures of productivity, sales and value 

added per employee. In both cases the dependent variable is the 

natural log of productivity thus the parameter estimates presented 

are the elasticities or semi-elasticities of labour productivity in 

relation to innovation variables and other company-level variables. 

However, bevause capital-intensity belongs in the list of right-hand 

side variables we are in fact measuring the impact on total factor 

productivity. 
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Table 8 Output production function (productivity equation): predicted 

values for product and process innovation from a bivariate probit 

model 

Variable Sales/employees Value added/employees 

 CIS3 CIS4 CIS2006 CIS3 CIS4 CIS2006 

Capital intensity 0.316 0.235 0.181 0.239 0.185 0.138 

 (18.54)*** (14.64)*** (11.60)*** (15.58)*** (12.09)*** (9.78)*** 

Domestic outward investors 

0.468 0.304 0.331 0.464 0.240 0.133 

(2.47)** (2.35)** (2.37)** (2.30)** (1.86)* (1.03) 

Foreign firm without 

outward FDI 

0.272 0.292 0.418 0.356 0.290 0.307 

(4.87)*** (4.67)*** (7.40)*** (7.18)*** (5.10)*** (6.06)*** 

Foreign outward investors 

0.668 0.563 0.507 0.405 0.530 0.342 

(3.29)*** (2.87)*** (2.49)** (2.00)** (2.49)** (1.62) 

Product innovation 0.193 0.118 0.087 0.171 0.052 0.073 

 (3.91)*** (2.49)** (2.32)** (3.78)*** (1.16) (2.13)** 

Process innovation -0.079 -0.024 0.039 -0.091 0.015 0.043 

 (-1.56) (-0.45) (1.15) (-1.96)** (0.29) (1.39) 

Organisational 

innovation 

 0.167 0.119  0.125 0.053 

 (3.23)*** (2.51)**  (2.59)*** (1.24) 

Export dummy 0.314 0.440 0.352 0.273 0.389 0.270 

 (6.38)*** (7.61)*** (6.72)*** (6.27)*** (7.42)*** (5.75)*** 

Boone index -0.024 0.003 0.130 0.052 0.055 0.193 

 (-1.24) (0.15) (3.85)*** (3.05)*** (2.50)** (6.28)*** 

Forward FDI spillover 3.047 2.558 3.757 2.082 0.827 2.118 

 (6.67)*** (6.47)*** (9.87)*** (5.14)*** (2.30)** (6.21)*** 

Backward FDI spillover -1.772 2.808 1.981 0.251 1.477 3.029 

 (-1.48) (2.59)*** (1.79)* (0.23) (1.47) (3.09)*** 

Foreign market share by 2-

digit industries 

1.454 0.016 -0.237 0.880 -0.014 -0.168 

(8.08)*** (0.11) (-1.50) (5.43)*** (-0.11) (-1.18) 

Log number of employees 

-0.135 -0.072 -0.090 -0.099 -0.080 -0.096 

(-6.81)*** (-2.83)*** (-3.91)*** (-5.37)*** (-3.36)*** 

(-

4.55)*** 

F-test: industry dummies 0.000 0.000 0.000 0.000 0.000 0.000 

Number of observations 1694.000 1333.000 1384.000 1267.000 1008.000 1035.000 

R-squared 0.374 0.329 0.318 0.382 0.380 0.403 

Absolute values of t-statistics in parentheses. Industry dummies are included in all 

regressions. * significant at 10%; ** significant at 5%; *** significant at 1%. The 

equations are estimated by using the robust regression analysis that controls for outliers 

in the data (StataCorp 2003). 
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Differences in the labour productivity levels between companies 

with different owners, also referred to as the own-firm effect of 

FDI, can be noted, with local companies as the reference group; 

the own-firm effect fits with earlier studies on Estonia (Vahter and 

Masso 2007); Johansson et al. (2008) in a similar framework of the 

CDM model did not detect any significant differences in the 

Nordic countries while Dachs et al. (2008) found foreign owned 

companies to have significantly higher labour productivity in small 

EU countries. Domestic multinationals and foreign companies 

without outward FDI from Estonia have similar levels of 

productivity, while foreign outward investors are the group with 

the highest productivity. Capital intensity has the expected positive 

significant coefficient in the production function; exporters are 

found to be more productive than non-exporters, although this 

might be caused by the more productive companies self-selecting 

into export markets (see for example Wagner 2006); and the 

number of employees has a negative sign, rejecting the constant 

returns to scale. The goodness of fit can be considered satisfactory 

given that it is similar to what has been observed in earlier studies 

in the field (in Griffith et al. 2006 in the range of 19-28%).  

 

Product innovation has a positive impact on productivity (though it 

fell from 40% in CIS3 to 9.2% in CIS 2009), while Masso and 

Vahter (2008) found it to be important only in CIS3. That might be 

a consequence of macroeconomic developments, as for example in 

conditions of strong macro-economic growth companies could 

increase productivity without innovation because of growing 

market demand and through exploitation of economies of scale
15

. 

The process innovation dummy is negative in CIS3 (similar to 

Knell 2008, who used a version of the OECD 2009 model), which 

is perhaps counter-intuitive. The possible explanation proposed by 

Knell (2008) was the possible product innovation bias in the 

underlying data, which meant that any effect which may be due to 

the process innovation is already implemented in the presence of 

                                                           
15

 This finding is in accordance with the evidence by Terk et al. (2007) 

that while the number of companies with innovation increased greatly 

from CIS3 to CIS4, the returns of innovation in terms of sales growth 

or productivity decreased considerably.  
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product innovation. Regressions also reveal some evidence in 

favour of both horizontal and vertical FDI spillover effects (for 

earlier results see for example Vahter and Masso 2007 or Knell 

2008), although these results can be criticised for the likely 

endogeneity of industry-level FDI, so an instrumental variable 

approach would be appropriate in this case (Vahter 2010). The 

Boone index for measuring the toughness of competition becomes 

significantly positive especially at the end of the period under 

analysis, indicating that in industries with lower competitive 

pressure productivity was higher; this could be explained by the 

particular period where high domestic demand fuelled by capital 

inflows favoured industries and companies oriented to domestic 

markets
16

. 

5. MATCHING ANALYSIS OF FDI 

COMPANIES 

Next we present the results of the propensity score matching where 

for each treated firm a similar non-treated firm was found. 

Following earlier studies and our earlier estimations, we first 

match foreign companies with domestic companies, and then 

foreign companies with Estonian multi-national companies. Table 

9 presents the results of the probit models used for these two types 

of matching. Results are generally as expected and are in line with 

earlier studies, showing that the likelihood of foreign ownership is 

positively affected by labour productivity, exports, capital 

intensity, firm size and the sector; among these the most important 

is the effect of exporting, as being an exporter increases the 

probability of a company being foreign owned by nine percentage 

points, and firm size, as companies with 250 to 1000 employees 

                                                           
16

 When experimenting with other measures of competition, the 

impact of the Lerner index was negative (if Lerner index is closer to 1, 

i.e. with tougher competition, productivity was lower), while market 

concentration indicators were negatively correlated with productivity 

at the industry level (Vahter 2006 also found the Herfindahl index to 

be negatively correlated with total factor productivity). 
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are 13 percentage points more likely to be foreign owned than are 

companies with less than 20 employees. 

Table 9 Probit models for the probability of a company being foreign 

versus domestically owned and domestic multinational versus foreign 

owned 

Variable 

Foreign vs. domestic Domestic mne vs. foreign 

Coefficient 

Marginal 

effect Coefficient 

Marginal 

effect 

Log labour  

productivity (-1) 0.259 0.057 0.075 0.013 

 (8.99)*** (9.04)*** (1.12) (1.12) 

Export dummy (-1) 0.427 0.090 0.301 0.045 

 (6.21)*** (6.57)*** (1.43) (1.66)* 

Log capital intensity (-1) 0.093 0.021 -0.015 -0.003 

 (4.79)*** (4.80)*** (-0.32) (-0.32) 

International competition 0.644 0.135 0.103 0.017 

 (9.50)*** (10.24)*** (0.52) (0.55) 

Employment 20-49 -0.029 -0.006 0.460 0.091 

 (-0.48) (-0.49) (2.78)*** (2.49)** 

Employment 50-99 0.166 0.039 0.364 0.072 

 (2.35)** (2.22)** (2.01)** (1.79)* 

Employment 100-249 0.166 0.039 0.554 0.120 

 (2.03)** (1.90)* (2.81)*** (2.35)** 

Employment 250-999 0.475 0.130 0.795 0.200 

 (3.94)*** (3.33)*** (3.36)*** (2.62)*** 

Employment >1000 -0.356 -0.064 1.623 0.528 

 (-1.06) (-1.35) (2.52)** (2.17)** 

F-test: industry dummies 0.000  0.004  

F-test: region dummies 0.077  0.129  

F-test: year dummies 0.000  0.033  

Number of observations 4746  975.000  

Log likelihood -1895.670  -326.923  

Pseudo R-squared 0.185  0.146  

Note. 2-digit industry dummies, region dummies and year dummies are not reported. 

The marginal effects are calculated at the sample means. 

Before moving on to the discussion of the matching results (the 

ATT effect), we need first to look at the quality of the matching, 
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whether the companies in the treatment and control groups have 

similar characteristics after the matching; in case of successful 

matching they should. That was done on the basis of standard t-

test. As  

Table 10 indicates, before the matching the groups have different 

mean values for the variables, but after matching the differences 

are no longer significant; this should indicate that the differences 

between the innovation indicators are solely attributable to the type 

of ownership and not to the other factors. 

Table 10  Matching quality 

Variable 

Foreign vs. domestic Domestic mne vs. foreign 

Treatment 

group 

Selected 

control 

group 

Test on 

mean 

equality 

(p-

value) 

Treatment 

group 

Selected 

control 

group 

Test on 

mean 

equality 

(p-

value) 

Log labour 

productivity 12.974 12.920 0.328 13.335 13.251 0.553 

Export 

dummy 0.848 0.867 0.254 0.879 0.932 0.142 

Log capital 

intensity 10.989 10.989 0.997 11.379 11.350 0.870 

International 

market 0.843 0.860 0.292 0.871 0.894 0.568 

Employment 

20-49 0.265 0.277 0.580 0.295 0.318 0.690 

Employment 

50-99 0.205 0.206 0.954 0.205 0.163 0.384 

Employment 

100-249 0.145 0.141 0.815 0.197 0.201 0.939 

Employment 

250-999 0.066 0.079 0.298 0.114 0.129 0.707 

Employment 

>1000 0.004 0.002 0.286 0.015 0.027 0.520 

Table 11 displays the results of causal treatment on various 

innovation input and output indicators. The t-values test for the 

null-hypothesis of no differences in the mean values between the 

treatment and control groups. The tables report the results of 

Kernel matching; those obtained by nearest neighbour matching 

with two and five neighbours without replacement were similar. As 

may be seen, many of the differences are statistically significant 
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before matching, but the estimated ATT is insignificant whichever 

particular matching algorithm is used. The ATT is always positive, 

with foreign owned companies having a higher average value than 

their domestic counterparts. For product innovation, the dummies 

for new to market products and the sales of new products are 

significant only in CIS3, which could fit with the evidence that the 

productivity differences between foreign and domestic firms have 

decreased over the course of time. Johansson and Lööf (2005) 

found the differences in case of process innovation to be 

insignificant, but between in case of product innovation dummy 

and innovation sales to be significant. No significant differences 

can be noted for organisational innovations, which equally seem 

not to be caused by the small sample size as also the absolute value 

of the ATT is close to zero. The change in the ATT for process 

innovation from positive (CIS3) to negative (CIS4) reflects that 

domestic companies are more often oriented to the less radical 

cost-saving process innovations. 

Table 11  Propensity score matching results for innovation output 

indicators 

Variable 

CIS3 CIS4 CIS2006 

Unmatched Matched Unmatched Matched Unmatched Matched 

Innovation 

output       

Product 

innovation 

0.13 0.04 0.13 0.03 0.12 0.02 

(4.71)*** (1.22) (4.21)*** (0.73) (4.24)*** (0.45) 

New to 

market 

product 

0.12 0.08 0.07 0.00 0.11 0.04 

(5.38)*** (2.72)*** (2.87)*** (0.05) (4.54)*** (1.23) 

Sales of new 

products per 

employee 

99.76 63.26 91.01 29.65 275.68 192.52 

(5.74)*** (1.83)* (2.34)** (0.42) (2.78)*** (1.01) 

Sales of new 

to market 

products per 

employee 

79.96 62.60 55.35 13.16 122.53 99.22 

(5.31)*** (1.91)* (2.57)** (0.39) (2.5)** (1.05) 

Process 

innovation 

0.13 0.07 0.06 -0.06 0.09 -0.03 

(4.68)*** (1.87)* (1.79)* (1.65)* (3.08)*** (0.76) 

Organisational 

innovation 

  0.12 0.01 0.14 0.02 

  (3.85)*** (0.29) (4.45)*** (0.54) 

Innovation expenditure      
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Variable 

CIS3 CIS4 CIS2006 

Unmatched Matched Unmatched Matched Unmatched Matched 

Innovation 

expenditure 

7.50 5.28 -3.28 -24.42 24.49 6.18 

(2.49)** (1.21) (0.33) (2.52)** (2.6)*** (0.46) 

R&D 

expenditure 

3.60 3.02 -2.44 -13.41 -0.64 -11.84 

(2.87)*** (1.43) (0.43) (2.65)*** (0.16) (3.02)*** 

Sources of information      

Sources 

within the 

firm or group 

0.24 0.20 0.20 0.18 0.19 0.15 

(9.79)*** (5.95)*** (6.46)*** (5.41)*** (6.95)*** (5.01)*** 

Customers 

0.09 0.06 0.03 -0.03 0.00 -0.06 

(2.49)** (1.39) (1.1) (0.8) (0.05) (1.95)* 

Suppliers 

0.02 0.02 0.03 -0.01 0.02 -0.01 

(0.49) (0.34) (1.07) (0.32) (0.87) (0.35) 

Competitors 

-0.06 -0.10 0.00 0.00 -0.03 -0.06 

(1.75)* (2.55)** (0.14) (0.12) (0.93) (2.06)** 

Universities -0.03 -0.01 0.00 -0.02 0.00 -0.01 

Inhibiting 

factors       

Lack of 

appropriate 

sources of 

finance 

-0.17 -0.15 -0.11 -0.09 -0.11 -0.11 

(6.13)*** (4.84)*** (4.69)*** (3.35)*** (4.89)*** (4.63)*** 

Innovation 

cost too high 

-0.08 -0.09 -0.09 -0.10 -0.05 -0.08 

(2.83)*** (3.01)*** (3.27)*** (3.57)*** (2.02)** (2.84)*** 

Lack of 

qualified 

personnel 

-0.03 -0.05 -0.02 -0.05 0.00 -0.03 

(1.26) (1.92)* (0.66) (1.6) (0.01) (0.97) 

Lack of 

information 

about 

technology 

-0.04 -0.07 0.00 0.00 -0.01 -0.04 

(1.88)* (2.99)*** (0.11) (0.21) (0.72) (1.93)* 

Difficulty in 

finding 

cooperation 

partners 

  -0.03 -0.04 -0.04 -0.06 

  (1.69)* (1.61) (2.11)** (2.86)*** 

Lack of 

information 

about markets 

-0.05 -0.10 -0.02 -0.05 -0.02 -0.05 

(2.51)** (4.24)*** (0.91) (2.38)** (0.91) (2.26)** 

Note. * significant at 10%; ** significant at 5%; *** significant at 1%. NN5 = nearest 

neighbour with 5 matches; NN2 = nearest neighbour with 2 matches; ATT = average 

treatment on the treated. For Kernel matching the Epanechnikov kernel has been used 

with bandwidth of 0.06. 
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As concerns the innovation expenditure variables, in many cases 

the estimated ATT is insignificant again, which is not surprising 

given that earlier studies also found differences in other variables 

rather than in expenditure (Dachs and Ebersberger 2009, Johanson 

and Lööf 2005); however, in some cases the estimated effect is 

negative and significant, as the intensity of expenditure on 

innovation is significantly below that of the domestic companies 

with similar characteristics (similar to the results of Falk and Falk 

2006 and much of the literature on the location of R&D close to 

the headquarters of multinationals). Among the different sources of 

information, the most robust finding is the higher use of sources 

within the company or group, indicating that knowledge flows 

from the parent to local affiliates. Similarly Srholec (2009) 

documented that foreign affiliates had significantly higher 

cooperation with affiliates abroad. There are no significant 

differences in the use of suppliers, meaning the possibility of 

vertical knowledge spillovers still exists, or in the use universities 

(different from Günther et al. 2009), which probably reflects the 

generally weak business-university linkages; customers as a source 

of information are more frequently used by foreign owners in CIS3 

and by domestic companies in CIS2006. Foreign companies use 

competitors as a source of information less often, which could 

easily reflect that, while many of them are oriented to local 

markets and have FDI due to the market seeking motive, they do 

not cooperate with local companies because of their higher 

knowledge base and desire to avoid local knowledge spill-overs. In 

comparison with the sources of information, quite strong and 

robust results could be found on the lower importance of various 

impeding factors in case of foreign firms. In particular there were 

fewer problems with the excessive cost of innovation, a lack of 

funding or a lack of information about markets; differences in 

favour of foreign companies could also be seen in others factors, 

though these are less robust. Thus it can be summarised from the 

results that among other variables the differences between the 

importance of various impeding factors are the most noticeable 

(similarly for example to Dachs and Ebersberger 2009). 

Table 12 presents the matching results for the differences between 

domestic multinationals and foreign companies; many fewer 

significant differences can be found, probably due to the smaller 
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number of domestic multinationals. Differences in almost all the 

output indicators are insignificant. For comparison, Johanson and 

Lööf (2005) found Swedish multinationals to be more innovative 

than FDI companies after matching. Among innovation input 

indicators, again there is in most cases no statistically significant 

difference in expenditures, while for example Johansson and Lööf 

2005 found foreign companies to have lower R&D intensity. 

Among sources of information, the most striking difference is 

again the lower use of sources within the firm among domestic 

multinationals. The significantly higher use of competitors by 

domestic companies in CIS2006 vanishes after matching. 

Domestic multinationals also have significantly higher values for 

impeding factors such as lack of finance, lack of information about 

markets and technology and lack of qualified personnel than do 

foreign companies, indicating their lower resource base for 

innovation and possibly also their larger need for innovation. 

Table 12  Propensity score matching results for innovation output 

indicators: domestic multinationals versus foreign firms 

Variable 

CIS3 CIS4 CIS2006 

Unmatched Matched Unmatched Matched Unmatched Matched 

Innovation 

output       

Product 

innovation 

0.16 -0.01 0.02 0.02 -0.02 -0.09 

(1.47) (0.06) (0.26) (0.24) (0.24) (1.05) 

New to 

market 

product 

0.02 -0.08 0.07 0.06 -0.08 -0.16 

(0.17) (0.71) (1.06) (0.81) (1.29) (2.33)** 

Sales of new 

products per 

employee 

72.97 0.83 -66.09 -49.93 -249.16 -120.85 

(0.51) (0.01) (0.34) (0.38) (0.47) (0.33) 

Sales of new 

to market 

products per 

employee 

36.21 -0.19 -58.91 -61.95 -129.12 -50.39 

(0.26) (00) (0.7) (1.12) (0.49) (0.27) 

Process 

innovation 

0.05 -0.10 0.12 0.11 0.08 0.00 

(0.46) (0.8) (1.59) (1.26) (1.06) (0.05) 

Organisational 

innovation 

  0.06 0.03 0.07 -0.03 

  (0.77) (0.36) (0.95) (0.35) 

Innovation expenditure      

Innovation 4.23 4.97 17.18 23.23 -9.97 7.34 
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Variable 

CIS3 CIS4 CIS2006 

Unmatched Matched Unmatched Matched Unmatched Matched 

expenditure (0.66) (0.57) (0.88) (0.69) (0.28) (0.18) 

R&D 

expenditure 

-0.07 0.09 3.16 3.66 -1.37 -2.70 

(0.02) (0.02) (0.69) (0.66) (0.29) (0.79) 

Sources of information      

Sources 

within the 

firm or group 

-0.12 -0.03 -0.09 -0.09 -0.08 -0.04 

(1.29) (0.23) (1.58) (1.19) (1.25) (0.54) 

Customers 

-0.20 -0.05 0.02 0.04 0.04 0.08 

(1.8)* (0.19) (0.24) (0.53) (0.56) (1.05) 

Supplier 

-0.02 -0.17 -0.05 -0.06 -0.03 -0.03 

(0.14) (0.73) (0.72) (0.73) (0.52) (0.44) 

Competitors 

0.01 0.20 0.08 0.11 0.15 0.12 

(0.13) (0.92) (1.29) (1.4) (2.36)** (1.42) 

Universities 

0.00 -0.15 0.04 0.04 0.02 0.00 

(0.04) (1.08) (0.85) (0.55) (0.36) (0.04) 

Hampering 

factors       

Lack of 

appropriate 

sources of 

finance 

0.17 0.20 0.10 0.12 0.10 0.12 

(2.05)** (1.96)** (1.78)* (1.84)* (2.06)** (2.28)** 

Innovation 

cost too high 

0.08 0.00 0.13 0.15 0.06 0.08 

(0.92) (0.02) (2.2)** (2.11)** (1.09) (1.17) 

Lack of 

qualified 

personnel 

0.17 0.17 0.08 0.13 0.05 0.08 

(2.29)** (1.73)* (1.4) (1.98)** (0.91) (1.27) 

Lack of 

information 

on technology 

0.11 0.05 0.05 0.06 0.08 0.08 

(1.76)* (0.65) (1.12) (1.07) (1.77)* (1.55) 

Difficulty in 

finding 

cooperation 

partners 

  0.09 0.12 0.05 0.05 

  (2.09)** (2.12)** (1.24) (1.05) 

Lack of 

information 

on markets 

0.15 0.16 0.06 0.06 0.10 0.10 

(2.61)*** (2.04)** (1.28) (1.18) (2.36)** (1.89)* 
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6. CONCLUSIONS 

It might seem obvious that internationalisation and especially 

foreign ownership should enhance the knowledge base, 

productivity and innovations, but the numerous earlier studies 

reveal very diverse results. Our study investigated the issue in the 

context of the small catching-up economy of Estonia. The 

Community Innovation Surveys (CIS) provided a useful body of 

data for this purpose. We analysed three waves of the survey, CIS 

3, 4 and 2006 covering the years 1998-2000, 2002-2004 and 2004-

2006 respectively. These data were interlinked with data on 

outward FDI from the balance of payments statistics of the Bank of 

Estonia and with financial data from the Estonian Business 

Register. For the analysis we combined the CDM used in several 

innovation studies with a propensity score matching approach. 

Our main conclusions are as follows: In terms of innovation 

expenditure, the probability of expenditure on innovation was 

significantly higher for foreign owned companies (differently to 

the results of Dachs et al. 2008 and Johansson et al. 2008), 

although the level of innovation expenditure is only higher among 

the foreign owned outward investors, after other determinants of 

the expenditure levels are controlled for, while for domestic 

multinationals and foreign companies without outward investment 

the innovations expenditures mostly did not differ significantly 

from the levels of local firms. In the propensity score matching 

analysis the differences were similarly insignificant, and in one 

case the foreign firms even had lower expenditure. Such a result is 

expected as foreign companies are expected to be able to use the 

internal stock of knowledge and technology in their innovation 

activities and thus may spend less than domestic companies. 

Among the different impeding factors, the lack of funding has a 

particular negative impact on expenditure. The propensity score 

matching analysis also indicated that among other variables the 

differences in the importance of various impeding factors are the 

most noticeable, especially factors related to cost and funding 

(similarly for example to Dachs and Ebersberger 2009). Given 

that, the relatively minor differences in expenditure between 

domestic and foreign companies may be slightly surprising. The 
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importance of funding as a constraint for innovation expenditure 

has decreased, and the differences in the importance of that factor 

between different groups of companies are also smaller in later 

periods, reflecting that during the period of strong macroeconomic 

growth in Estonia there was an improvement in the ability of 

companies to fund expenditure from both internal sources, due to 

high profits, and external sources, for example through improved 

access to bank loans. One factor balancing the impact of funding 

constraints is public funding for innovation, which has a strong 

positive impact on expenditure, as it did in most previous studies, 

and is about twice as common among domestic companies. 

However, the average frequency of public support for innovation is 

low compared to other countries anyway. 

For most innovation output indicators, foreign owned companies 

and domestic multinationals were more innovative than local 

companies, but after matching many of these differences became 

statistically insignificant. The estimation of the knowledge 

production function for product and process innovation indicators 

showed that domestic multinationals and foreign outward investors 

in particular, but foreign companies without outward investments 

too, were significantly more likely to come up with either product 

or process innovations, but after predicted innovation expenditure 

from the expenditure equation and the knowledge sourcing 

variables were included in the knowledge production function, 

most of the ownership variables became insignificant and the 

parameter for foreign companies even became negative, indicating 

that after other factors are controlled for, foreign companies are 

actually less innovative than domestic ones. Indeed, the parameters 

for innovation expenditure are strongly significant in all 

estimations and of similar size despite the remarkable growth in 

the level of expenditure. Among various knowledge sourcing 

variables, information sources within the company are especially 

significant in all specifications, but competitors, customers for 

product innovation, and suppliers for process innovation are also 

important. From the matching analysis it seemed that the use of 

sources within the company or group was notably higher among 

foreign companies, while domestic outward investors use 

competitors as knowledge sources. The innovation accounting 

framework indicated that the differences in the use of different 



Jaan Masso, Tõnu Roolaht, Urmas Varblane  

 

48 

information sources accounted for most of the innovation output 

gap between foreign and domestic companies. The somewhat 

lower use of universities by foreign companies is in line with 

earlier results on their lower embeddedness in the local innovation 

system, but the result was statistically insignificant and the use of 

universities is rather low among all types of firms. 

In the productivity equations the higher productivity of foreign 

owned companies and domestic multinationals was noted, a feature 

that is also known as the own-firm effect of FDI, but productivity 

was highest among the companies with outward investments. This 

reinforces the results above and demonstrates that the group of 

foreign companies is quite heterogeneous, including not only true 

multinationals operating in a number of countries, at least three 

countries in case of our indirect investors, but also Scandinavian 

small and medium size companies for which expansion to the 

neighbouring country of Estonia is the maximum extent of foreign 

market entry. Product innovation has a strong positive impact on 

productivity, but one that is decreasing over time, most probably 

because in conditions of strong macro-economic growth 

companies can increase productivity without innovating because of 

growing market demand and by exploiting economies of scale. The 

insignificant impact of process innovation variables could be 

explained by the possible product innovation bias in the underlying 

data so that any effect that may be due to the process innovation is 

already happening in the presence of product innovation (Knell 

2008). 

In addition to the study of the own-firm effect we also looked to a 

lesser extent at the spillover effects from multinationals, for 

example at whether the presence of foreign companies in the same 

industry or vertically linked downstream or upstream industries 

could affect the productivity or innovativeness of domestic 

companies through increased competition, knowledge flows, 

demonstration effects or similar. In the productivity equation 

significant coefficients were more often found for vertical spillover 

variables than for horizontal spillovers, which show FDI presence 

in the same industry and were significant only in CIS3. Similarly, 

with product and process innovations the positive impact from the 

presence of FDI in the same industry was visible only in the first 
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period (1998-2000). In knowledge production functions there were 

also some significant estimates for forward linkages, for example 

through foreign companies helping to upgrade the production 

operations of their local distributors, and backward linkages, where 

the presence of foreign companies in upstream industries could 

improve the quality of intermediate inputs purchased and lower 

costs. These results on the more likely occurrences of vertical 

spillover effects are in accordance with expectations, but the 

results need to be treated with caution due to the likely 

endogeneity of industry level FDI and it would be more 

appropriate to use the instrumental variable approach (Vahter 

2010). 

In general, although foreign companies were found to be more 

innovative in several respects, many of the results did not hold 

after various other factors had been controlled for. It seems that the 

small size of the local market and the lack of local skills mean that 

foreign companies have less incentive to innovate, which has also 

been indicated in surveys of foreign investors. However, the study 

has some important limitations. Firstly, there might be other 

organisational characteristics which are of importance but which 

are currently left out due to the limitations of the data available. 

Secondly, the innovation survey data has some problems in terms 

of the interpretational qualities of the respondents. The responses 

given might not always reflect a true and detailed understanding of 

the issue. Despite this, the results represent our best effort to use 

coherently the joint potential of various datasets in order to derive 

a detailed picture which also has potential for generalisations. 

The managers can benefit from this study by tapping into a wider 

range of knowledge sources through diverse and active 

involvement in exports and investment. Often they fail to realise 

that initiating international activities can also serve as an important 

learning opportunity in how to become more innovative. The 

policy implications suggest that government policies and triple 

helix cooperation should be oriented not only towards attracting 

foreign interest, but also towards building opportunities for more 

extensive regional and international business networking through 

exports and outward FDI. The multi-directional openness of the 

business environment seems to be the key to harnessing the full 
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potential of internationalisation from the perspective of 

innovations.  

Future research should be aimed at further refining the model 

configurations in terms of ownership, exports, and other variables 

to be included in the analysis. At present studies tend to be too 

limited in incorporating more indirect influences. The theory 

development should offer more refined explanations for the 

contradictory influences at company, industry, and country levels 

that have been revealed. There is a mass of empirical work that has 

been done in the field, but theory building seems to lag behind. As 

concerns specific ideas, one fruitful development would be to 

study the innovativeness of various kinds of foreign investors, like 

market seeking, efficiency seeking, natural resource seeking and 

strategic asset seeking, as the different types of investors may be 

oriented to different kinds of innovations, so that market seeking 

ones may look for marketing innovations, efficiency seeking 

investors for process innovations and so forth. However, to 

distinguish these different types of investors would probably 

require more detailed data than those used in this study. 

Furthermore, in our study we ignored the impact of innovativeness 

on FDI, as innovative companies may be the ones who then go into 

foreign markets, which should be also given attention in future 

studies. 
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Appendix 1 Overview of selected studies on the impact of foreign ownership on innovation 

Author(s) Data (country, 

period, sector) 

Methods Main results 

Johansson et al. 

(2008) 

CIS3 data for Finland, 

Denmark, Norway, 

Sweden 

CDM model: equations for investment 

in innovation, innovation sales per 

employee, sales per employee (labour 

productivity) 

No difference in propensity to innovate; domestic 

multinationals outperform foreign multinationals in innovation 

investment; no differences in the innovation output (sales of 

new products); no evidence of positive impact of foreign 

ownership on productivity 

Falk (2008) CIS3 data for 12 

European countries, 

1998-2000 

Probit models for process and product 

innovation dummies, Oaxaca-Blinder 

decompositions of the effect of foreign 

ownership on innovativeness 

Differences in the innovativeness between foreign and 

domestic firms are mostly due to different firm characteristics 

than the unexplained differences; in new member states (but 

not in old) foreign ownership has a significant positive effect 

on the introduction of new products and processes; in new 

member states differences in the share of innovative sales were 

mostly due to unexplained factors 

Almeida and 

Fernandes 

(2006) 

World Bank 

Investment Climate 

Surveys for 43 

developing countries, 

2002-2005 

Regressions on the determinants of 

technological innovation (whether the 

firm introduced new technology that 

substantially changed the way a new 

product was produced) 

Exporting and importing increase innovativeness and thus are 

channels of technology diffusion, share of exporters in region-

industry pair decreases and share of importers increases 

innovativeness, majority foreign owned firms are less likely to 

engage in technological innovations than minority owned 

foreign firms (interpreted as the technology transferred being 

more mature among the former) 

Criscuolo et al. 

(2005) 

UK, 1994-2000, CIS2 

and CIS3 

Estimation of knowledge production 

functions (dependent variable: 

technological innovation, novel sales or 

patent), innovation accounting 

Globally engaged companies (multinationals or exporters) 

innovate more because they have access to a larger stock of 

information and not because of the differences in the number of 

researchers; the relative importance of different sources of 

information varies with the type of innovation 
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Author(s) Data (country, 

period, sector) 

Methods Main results 

Castellani and 

Zanfei (2007) 

Italy, CIS2 (1994-

1996) and ELIOS 

(European Linkages 

and Ownership 

Structure), 

manufacturing 

Conditional differences in various 

productivity and innovation variables 

across different types of firms estimated 

with regression analysis 

Firms with manufacturing abroad had highest productivity 

premium and innovativeness; multinationals without 

manufacturing abroad had higher productivity than exporters, 

but did not innovate more than the exporters 

Johansson and 

Lööf (2005) 

Sweden, CIS3, 1998-

2000, manufacturing 

and business services 

Regressions for different innovation 

expenditure, collaboration and output 

variables estimated as generalised Tobit 

with selection correction; propensity 

score matching 

Uninational companies are least integrated in innovation 

collaboration; Swedish multinationals are most integrated in 

local innovations systems (vertical, horizontal, scientific); both 

domestic multinational and foreign owned companies have 

higher innovation output 

Stiebale and 

Reize (2008) 

Germany, SMEs, 

“KfW-

Mittelstandspanel” 

survey, AMADEUS 

A version of the CDM model 

augmented with an equation for the 

acquisition of the company by foreign 

owners 

Foreign takeovers (change in ownership from domestic to 

foreign) have a significant negative impact on the probability 

of engagement in R&D and the level of R&D; innovation 

output is not significantly affected by a given amount of 

innovation effort 

Bertschek 

(1995) 

German 

manufacturing, 1270 

companies, 1984-

1998, Ifo business 

survey 

Probit regressions for product and 

process innovations, FDI measured at 2-

digit industry level 

Imports and FDI share at 2-digit industry level have a 

significant positive impact on product and process innovation, 

explained by increased competitive pressure 

Shrolec (2009) CIS3 data for 12 EU 

countries 

Regressions for innovation cooperation 

variables with correction for sample 

selection bias due to the structure of the 

CIS 

Foreign affiliates have significantly higher propensity for 

cooperation in innovation, especially with partners abroad, 

which leads to knowledge spillovers due to FDI; the effect is 

stronger in less developed countries 
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Author(s) Data (country, 

period, sector) 

Methods Main results 

Sadowski, 

Sadowski-

Rasters (2006) 

CIS2 data for 

Netherland, 4780 firms 

for 1996 

Logit regressions for imitative and real 

innovations 

Foreign affiliates are more likely to introduce both real (new to 

the market) and imitative (new to the firm) innovations; foreign 

firms are not more likely to introduce ‘real’ innovations, but 

are more likely to introduce ‘imitative’ innovations relative to 

‘real’ innovations if they can rely on knowledge from their 

parent 

Falk and Falk 

(2006) 

CIS3 data for Austria, 

2001, 1,300 firms 

Propensity score matching (with probit 

model for the probability of being 

foreign owned) 

Foreign owned companies have significantly lower innovation 

expenditure intensities (share of innovation expenditures in 

sales) 

Girma et al. 

(2006) 

China, annual reports 

of 30,000 state-owned 

enterprises at 

manufacturing 

industries for 1999 to 

2003 

Tobit regressions with the share of 

innovation output in total output as the 

dependent variable 

Own-firm effect of FDI on innovation is positive, but concave 

(positive effect decreases with higher foreign share); sector-

level FDI has a negative impact on innovativeness in state-

owned enterprises, but the impact is positive for companies that 

export, invest in R&D or human capital, or have previously 

introduced product innovations (i.e. those with higher 

absorptive capacity).  

Alvarez (2001) Chile, 1st Survey of 

technological 

Innovation in 

Manufacturing, 541 

industrial plants for 

year 1995 

Probit and ordered probit models for 

various technological innovation 

indicators (product innovation, process 

innovation etc.) 

Exports have a strong positive impact on innovation, while FDI 

and the purchase of technical licences are less important as 

they affect positively only a few of the innovation indicators 

Griffith et al. 

(2004) 

UK, Annual 

Respondents Database, 

annual Business 

Enterprise R&D 

Survey, Annual 

Inquiry into Foreign 

Tabulations of various indicators 

(productivity by ownership, 

productivity before and after takeover, 

R&D intensity by ownership) 

Domestic multinationals are more R&D intensive than foreign 

owned multinationals, but foreign owned multinationals also 

conduct a significant amount of UK R&D 
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Author(s) Data (country, 

period, sector) 

Methods Main results 

Direct Investment 

Günther et al. 

(2009) 

IWH micro database 

on 809 foreign 

affiliates in 5 CEE 

countries, 2002 and 

2007 

Descriptive analysis, correlation 

analysis, ordered probit regressions for 

the interaction of product innovation by 

foreign owned companies with local 

scientific institutions 

The motive for FDI in CEE countries is market seeking; 

technology and knowledge sourcing seems to be less relevant. 

Most affiliates engage in R&D and innovation. Foreign 

companies have less linkages with local scientific institutions, 

limiting their developmental impact; FDI companies with 

higher innovativeness and more autonomy have stronger links 

with local scientific institutions 

Dachs and 

Ebersberger 

(2009) 

Austria, CIS3, 1998-

2000, 618 companies 

belonging to a group 

and 676 not belonging 

to a group. 

Propensity score matching with kernel 

matching, propensity for foreign 

ownership estimated with the Heckman 

selection model with a selection 

equation for group membership 

Foreign ownership has no significant impact on most 

innovation input and output variables, but it helps in 

overcoming different obstacles in the innovation process. 

However, this does not transfer into higher innovation input or 

output. 

Vahter (2010) Estonia, CIS3 and 4, 

manufacturing 

Probit and ordered probit models for the 

use of various knowledge sources; TFP 

change regressed on measures of FDI 

entry and distance to production frontier 

Positive spillover effects of multinationals entry on the process 

innovation of local incumbents; FDI inflow into a sector 

increases the use of information for innovation from various 

sources by domestic companies 

Dachs et al. 

(2008) 

5 EU countries 

(Austria, Denmark, 

Finland, Norway, 

Sweden), CIS3 

Heckman-selection model (equations 

for the innovation decision and 

innovation behaviour) 

Compared to domestic companies, foreign owned companies 

have similar innovation inputs but higher innovation outputs; 

affiliates of multinationals have a similar or even stronger 

propensity to cooperate with local partners 

Liu and Buck 

(2007) 

China, 1997-2002, 

panel data on 21 high-

tech sub-sectors 

OLS and GMM regressions with 

domestic sales of new products 

regressed on various sources of 

international technology spillovers 

Learning by exporting and importing increases the innovation 

of Chinese companies regardless of the level of absorptive 

capacity, while the R&D activities of multinationals increase 

the innovation of domestic companies only when absorptive 

capacity is considered  
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Author(s) Data (country, 

period, sector) 

Methods Main results 

Baldwin and Gu 

(2005) 

Canada, Annual 

Survey of 

Manufactures (1973-

1999), Survey of 

Innovation and 

Advanced Technology 

(1993) 

Regressions for productivity, wages, 

employment, R&D, innovation, 

technology use 

Foreign owned manufacturers belonging to a larger 

multinational enterprise are more productive, more innovative 

and more technology intensive, and also pay higher wages and 

use more skilled workers; advantages are thus likely to be 

multinational rather than just foreign in nature.  

Urem et al. 

(2008) 

Unofficial innovation 

survey among the 

Chinese firms of the 

Jiangsu province in 

2003 

Non-parametric tests Foreign owned firms do not exhibit a higher propensity (i.e. 

frequency or probability) of high novelty innovation, but they 

have a higher intensity of such innovations measured as the 

share of innovation sales in total sales than do domestic 

companies.  

Vila and Kuster 

(2007) 

Interviews with 154 

textiles companies 

from Spain 

ANOVA and discriminant analysis Firms with engagement in export agreements or manufacturing 

in the overseas market are often not the most innovative firms 

in a sector; domestic or simply exporting companies can offer 

superior, more original, and more customer oriented products. 

The observed independence between the decisions on 

internationalisation and innovations might be somewhat 

specific to the textile industry as even domestic producers have 

to do produce innovations in a seasonal pattern. 
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Appendix 2 Definitions and summary statistics of variables used in 

descriptive tables and regression analysis 

Variable name Variable definitions Mean Std.Dev 

Foreign firm 

Dummy; 1 if foreign owners 

have the majority in the firm 0.165 0.371 

Local firms 

Dummy; 1 if domestically 

owned firm and without 

outward FDI 0.676 0.468 

Domestic outward investors 

Dummy; 1 if domestically 

owned firm with outward FDI 0.014 0.119 

Foreign firm without outward 

FDI 

Dummy; 1 if foreign owned 

without outward FDI 0.123 0.328 

Foreign outward investors 

Dummy; 1 if foreign owned 

firm with outward FDI 0.008 0.088 

Export dummy 

Dummy, 1 if firm has positive 

exports 0.614 0.487 

Foreign market share in 2-digit 

industry 

Employment in foreign firms 

divided with total employment 0.216 0.151 

Import share in 2-digit industry 

Imports divided with the sum 

of sales of local firms and 

imports 0.365 1.188 

Log number of employees 

Natural log of the number of 

employees 3.208 1.194 

Product innovation 

Dummy, 1 if firm reports 

having introduced new or 

significantly improved 

product 0.178 0.382 

Process innovation 

Dummy, 1 if firm reports 

having introduced new or 

significantly improved 

production process 0.167 0.373 

Sales from new products per 

employee 

Sales from new products per 

employee, in '000 kroons 30.706 208.363 

Innovation expenditure 

Total innovation expenditure 

per employee (in logs) 2.548 1.724 

Innovation expenditure dummy 

a) 

1 if firm reports positive 

expenditure on innovation 0.156 0.363 

International competition 

Dummy, 1 if the firm’s most 

important market is 

international market. 0.450 0.498 

Formal protection 

Dummy, 1 if firm uses 

registration of design patterns, 

trademarks, copyright to 

protect inventions or 

innovations 0.078 0.267 
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Variable name Variable definitions Mean Std.Dev 

Public funding 

Dummy, 1 if firm received 

public funding for innovation 

projects 0.018 0.133 

Other businesses within the 

group 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.032 0.177 

Suppliers 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.054 0.227 

Customers 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.052 0.222 

Competitors 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.035 0.184 

Sources within the firm or other 

firms within the group 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.519 0.340 

Competitors 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.404 0.346 

Customers 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.545 0.366 

Supplier 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.529 0.376 

Lack of appropriate sources of 

finance 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.432 0.406 

Cost of innovation too high 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.397 0.407 

Lack of qualified personnel 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.334 0.369 

Lack of information about 

technology 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.229 0.296 

Lack of information about 

markets 

4 values, 0, 1/3, 2/3, 1;  higher 

value indicates greater 

importance 0.241 0.310 
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Appendix 3 Econometric Model 

The CDM model that we use can be written down as follows: Let 

Ni ,,1 K=  be used to index firms. In the first step, firms decide 

whether or not to engage in innovation, thus giving the selection 

equation, and after that a selected group of firms decide on the size of 

their investment in R&D or more broadly their total innovation 

expenditures. This is modelled by the Heckman equation. Equation (7) 

models the firm's latent (unobserved) propensity to innovate, 
*

ig : 

(7) iii xg 000

* εβ += , 

where oix  is a vector of variables that determine this innovation 

effort, 0β  is the associated coefficient vector, and i0ε  is an error 

term. Let ig  be used to denote the observed indicator variable that 

equals 1 for firms reporting innovation expenditures and 0 for firms 

not reporting innovation expenditures. A firm invests in knowledge 

producing activities so that 1=ig , if cg i >
*

, where c  is a 

constant threshold level. Correspondingly, if cg i ≤
*

, then 0=ig . 

The term 
*

ig  represents a decision criterion about whether to engage 

in innovative activities, for example the expected return on investment 

in research and development (Crépon et al. 1998). 

 

If a firm engages in innovative activities (i.e. if cg i >
*

), we can 

observe the innovation expenditure of firm i, denoted as ir . The 

variable 
*

ir  denotes the latent intensity of research for firm i. The two 

variables, ir  and 
*

ir  are related in the second equation of our model 

as follows: 

(8) 
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In equation (8) ix1  is a vector of explanatory variables and i1ε  an 

error term. We have used the Heckman model to estimate equations 
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(7) and (2). Equation (2) looks at the size or intensity of the innovation 

activities, for example the level of expenditure on innovation per 

employee. Instead of R&D expenditure, as used by several other 

papers, we use total expenditure on innovative activities. The reason 

for this is the relatively small number of Estonian companies 

undertaking R&D activities. 

Equation (9) is the knowledge or innovation production function 

relating potentially unobserved knowledge (innovation output) to the 

innovation input and other variables: 

(9) iiiKi xrt 222

* εβα ++= . 

Here, variable it  is the innovation output or knowledge proxied both 

by the product and process innovation indicators (dummy variables) 

and by innovation sales per employee, ix2  is a vector of explanatory 

variables, i2ε  an error term, which is assumed to be normally 

distributed with a zero mean and variance 
2

2σ , and is also assumed to 

be independent of error terms i0ε  and i1ε . To account for the fact 

that the use of process and product innovation by a firm are highly 

interdependent, we estimated equation (9) as a bivariate probit model, 

the dependent variables being the dummy variables for product 

innovation ( iP ) and process innovation ( iQ ) respectively. As an 

alternative, we also estimated the knowledge production function in a 

form where the dependent variable was innovation sales per 

employee; in this case the knowledge production function was 

estimated with least squares. The latent innovation effort, 
*

ir , enters 

the knowledge production function as an explanatory variable. It is 

instrumented, meaning its predicted values from the first step of the 

equation are used to account for both the selectivity and endogeneity 

of 
*

ir  in equation (9). The endogeneity comes from the fact that 

unobservable firm characteristics may increase both the enterprise’s 

innovation effort and its ability to produce technological innovation 

(Griffith et al. 2006). 

 

The last equation in the model is the productivity equation assuming 

Cobb-Douglas technology, where knowledge inputs are also included 
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in addition to labour and capital (Crépon et al. 1998; Lööf et al. 2003). 

Thus the output production function can be written as 

(10) , iiiTi xtq 333 εβα ++=   

where variable iq  stands for the log of productivity (sales per 

employee or value added per employee), ix3  is a vector of standard 

control variables in the productivity analysis, and i3ε  is an error term, 

which is assumed to be normally distributed with a zero mean and a  

variance of 
2

3σ .  
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KOKKUVÕTE 

Otsesed välisinvesteeringud ja 
innovatsioon Kesk- ja Ida Euroopas: Eesti 
andmed 
 

Majandusteaduses on laialt tuntud nö stiliseeritud faktiks 

väliskapitalile kuuluvate ettevõtete kõrgem tootlikkus võrreldes 

kohalikule kapitalile kuuluvate ettevõtetega. Mainitud kahe grupi 

ettevõtete tootlikkuse erinevuse analüüsis on populaarsust koguv 

suund innovatsiooni indikaatorite kasutamine. Käesolevas artiklis 

analüüsitakse seost sissetulevate ja väljaminevate otseste 

välisinvesteeringute (OVI) ning ettevõtete innovatiivse käitumise 

vahel Eestis. Kesk- ja Ida-Euroopa riigid on sobivad kandidaadid OVI 

ja innovatsiooni seoste uurimiseks, kuna need riigid asuvad allpool 

rahvusvahelist tehnoloogia rada, neil on nõrgem kodumaine teadmiste 

baas ja oluline tootlikkuse lõhe Lääne-Euroopa riikidega, niisiis 

multinatsionaalsete kaasaegsema tehnoloogiaga ettevõtete sisenemine 

antud riikidesse võiks olla üheks võimaluseks mainitud mahajäämuste 

vähendamiseks. Eriti Eesti võiks olla seda laadi uurimistööks huvitav: 

suhtena majanduse suurusesse on tegemist antud regioonis nii ühe 

suurima välisinvesteeringute saajaga kui ka teistesse riikidesse 

investeerijaga, samuti on vastavalt uuringutele Eestis innovaatiliste 

ettevõtete osakaal kõrgeim Kesk- ja Ida-Euroopa riikide hulgas. 

Uurimuses kasutatakse Euroopa Liidu innovatsiooniuuringute 

(Community Innovation Survey - CIS) ettevõtte-tasandi andmeid 

aastatest 1998-2000 (CIS3), 2002-2004 (CIS4) ja 2004-2006 

(CIS2006). Innovatsiooniuuringute andmeid on ühendatud Eesti 

Äriregistri ettevõtete finantsandmetega ning Eesti Panga maksbilansi 

statistikast pärit otseste välisinvesteeringute andmetega. Analüüsis 

kasutatakse struktuurset mudelit, mis koosneb innovatsioonikulutuste, 

innovatiivse tegevuse väljundite (toote- ja protsessiinnovatsioonide) ja 

tootlikkuse käitumist kirjeldavatest seostest (nimetatakse vastavas 

kirjanduses CDM mudeliks). Innovatiivse tegevuse väljundite 

hinnatud võrrandile rakendatakse ka innovatsiooni arvestamise 

(innovation accounting) lähenemist võtmaks arvesse erinevate 

innovatsiooni sisendite tähtsust kodumaiste ja välismaiste ettevõtete 

erineva innovaatilisuse selgitamisel. Sobitamise tehnikaid (propensity 

score matching) kasutatakse identifitseerimaks otseste 



Foreign Direct Investment and Innovation in CEE: E. from Estonia  

 

67 

välisinvesteeringute mõju erinevatele innovatsiooni väljunditele ja 

sisenditele konstrueerides välisinvesteeringuid saanud firmadele 

sobiva võrdlusgrupi sarnastest välisinvesteeringuid mitte saanud 

ettevõtetest. 

Meie analüüsi tulemuse näitasid, et enamusel juhtudel ei olnud 

sissetulnud või välja läinud OVI-del olulist seost ettevõtte 

innovatsioonikulutuste tasemega. Väliskapitalile kuuluvate ettevõtete 

kõrgem innovaatilisus kaob suures osas peale muude teguritega 

arvestamist, samas esinesid olulised erinevused innovatsiooni 

sisendite tasemetes, nagu erinevate infoallikate intensiivsem 

kasutamine välisettevõtete innovaatilises tegevuses ning 

välisettevõtete väiksemad probleemid innovatsiooni takistavate 

teguritega, eriti rahastamisega. Väljapoole tehtud otsestel 

välisinvesteeringutel oli positiivne seos innovaatilisusega nii kodu- 

kui välismaisele kapitalile kuuluvates ettevõtetes. Tulemused andsid 

ka teatud tõendusmaterjali välisinvesteeringute ülekandefektide kohta, 

st OVI-de kaudsest mõjust kodumaistele ettevõtetele läbi 

välisettevõtete kohalolu kas samas majandusharus (horisontaalne 

ülekandeefekt) või vertikaalselt hanke- ja tarneseostega seotud 

majandusharudes. Tulemustest johtub, et kohaliku turu väike suurus ja 

kohaliku teadmiste baasi nõrkus piiravad välisettevõtete stiimuleid 

innovatsiooniks. 

 


