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Abstract

We empirically study international technology transfers to newly acquired affiliates operating

in Spain. We distinguish between acquisitions by MNEs from technologically leading

countries and by those lagging behind the technological frontier. We find that leading and

non-leading countries acquire affiliates with similar R&D structures. However, there are

important asymmetries: Companies acquired by leading countries increase their imports of

technology after being acquired, whereas for non-leading countries there is no such effect. In

contrast, affiliates from non-leading countries increase their investment in internal R&D after

being acquired. Our results suggest that MNEs from leading and non-leading countries

induce international technology transfers in two different ways.

JEL classification: F23; O33; D22; L2
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1. Introduction

There is now widespread theoretical and empirical evidence that disparities in the

speed of diffusion of new technologies across national borders help to explain differences in

the level of per capita income across countries (Comin and Hobijn, 2010; Keller, 2010). As a

consequence there has been both academic and policy interest in the effectiveness of different

channels of diffusion, with particular attention given to the role of trade in intermediate goods

(Eaton and Kortum, 2002; and Rivera-Batiz and Romer, 1991) and FDI (van Pottelsberghe de

la Potterie and Lichtenberg, 2001).1

In this paper we contribute to our understanding of the relationship between

multinational firms (MNEs) and international technology transfer by providing

microeconometric evidence on the detailed changes to the knowledge flows that occur within

a foreign subsidiary once it comes under the full control of a foreign multinational firm,

where all of these changes in ownership occur for firms that were already R&D active and

operate in a country (Spain) that would not typically be viewed as on the technical frontier.2

That the acquired subsidiaries were R&D active in a non-frontier country is central to the

changes in knowledge transfer that we anticipate.

As Keller (2009) writes, multinational firms (MNEs) are a natural starting point for

thinking about questions of technology transfer. They are important in the production of new

technologies (Dunning and Lundan, 2008 and Javorcik, 2010), theory suggests they share

knowledge between their foreign affiliates (Mansfield and Romeo, 1980; Helpman, 1984;

Markusen, 1984) and yet, protection of knowledge is also an important reason why they

retain production within the boundaries of the firm (Dunning, 1981; Markusen, 2004; Barba

Navaretti and Venables, 2006). Such evidence has in turn been important motivation for

attempts to understand why MNEs are more successful than other firms in the production of

new knowledge and, of interest in this paper, the relationship between MNEs and their R&D

activities.

In this paper we rely on the possibility that firms choose to locate R&D in different

locations, in this case different countries, and share knowledge between these R&D centres.

1 For a broader literature review on this topic see Keller (2004).
2 According to the European Commission Spain is considered a moderately innovative country (European
Innovation Scoreboard, 2009). Similarly when countries for which we have acquisitions are ranked according to
their ratio of business enterprise R&D expenditures over GDP, Spain ranks 20th out of 27 countries (including
Spain).



2

Such an outcome occurs in the model of Nocke and Yeaple (2008), who introduce the

concept of complementarity/substitutability in the assets owned by the MNE and their foreign

affiliates. They show that the greater the degree of complementarity in these assets the more

likely it is they will be left in the foreign affiliate, whereas if they are substitutable they will

be relocated.3 An alternative motive for the dislocation of R&D activity across countries

occurs under technology sourcing FDI (van Pottelsbergehe de la Potterie and Lichtenberg,

2001; Griffith, et al., 2006). In models of this type, knowledge spillovers are localised (Jaffe

et al., 2000; Keller, 2002) and therefore MNEs want to benefit from the R&D efforts of

others in particular locations. Support for such effects can be found in Griffith, et al. (2006)

who find that the growth of the US R&D stock had a stronger productivity impact on those

UK firms with an R&D facility located in the US.

Building on these differences in the motives for FDI, in this paper we compare the

knowledge transfers that occur when complementarities/substitution are likely to be an

important factor that determines the acquisition of a foreign subsidiary with those that occur

when technology sourcing is likely the most important factor. Relatively high-technology but

non-frontier, countries such as Spain are of interest because they are sufficiently close to the

technological frontier that they offer potential complementarities/substitution for the R&D

activities of MNEs that are more technologically intensive4 (Nocke and Yeaple, 2008), while

remaining as a potential location for technology sourcing FDI (van Pottelsbergehe de la

Potterie and Lichtenberg, 2001; and Griffith, et al., 2006). From these theories we anticipate

that the scope for technology transfer by MNEs from non-frontier countries is likely to be

lower than that for FDI from frontier countries.5

A final motivation for the analysis we undertake comes from the period of study,

2004-2009. During this period Spain was a significant recipient of FDI6 inflows from a wide

3 The traditional view had been that MNEs locate key headquarter activities, such as R&D, together in the
relatively skill abundant country (Keller and Yeaple, 2008).
4 According to the European Commission Spain is considered a moderately innovative country (European
Innovation Scoreboard, 2009). Similarly when countries for which we have acquisitions are ranked according to
their ratio of business enterprise R&D expenditures over GDP, Spain ranks 20th out of 27 countries (including
Spain).
5 Comparably, Chen (2011) looks at the relationship between the source of origin of FDI and the performance of
the target firm.
6 A significant inflow of FDI has occurred into Spain during the last two decades (Eurostat, 2008) where these
flows came from both more and less technologically intensive countries. Of the 180 acquisitions that are the
centre of our empirical examination, the majority are from technologically intensive countries such as the US
(28), Germany (33) and Japan (5), but a number also occur from relatively technologically un-intensive
countries such as Portugal (4) Mexico (2) and India (3). For evidence of the improvements in IP protection that
took place see Branstetter et al. (2006).
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variety of origin countries, but it also follows a period of active intellectual property (IP)

reform.7 Evidence from Branstetter et al. (2006), suggests that technology transfers are likely

to be particularly strong following such a period. They show that IP reforms stimulate

increased transfer of technology from US multinationals to their affiliates, along with

increases in R&D expenditures and patenting. They also find that these effects are strongest

for firms with the most to gain from IP reforms, as measured by their pre-reform US

patenting behaviour, and that they are not mirrored for domestic firms.

In using data on a single country we are also able to go beyond the effects on total

R&D expenditures and compare other type of knowledge flow that occur. We build on the

empirical literature that has largely tried to understand the relative importance of different

FDI motives using data on the changes to total expenditure (or R&D intensity) that follow

from acquisition by a multinational firm, where this has analysed the level of R&D spending

across affiliates (Cassiman et al., 2005; Bertrand and Zuniga, 2006) or the target firm

(Bandick et al., 2010; Bertrand (2009), Stiebale and Reize, 2011). Perhaps unsurprisingly,

firm conclusions using this approach have been difficult to establish, in part because the

theoretical models offer few precise predictions regarding what should happen to total R&D

spending. We also build on the cross-sectional evidence that the knowledge production

function (Griliches, 1979) of multinational firms differs significantly from non-MNEs.

Veugelers and Cassiman (2004), Criscuolo et al. (2007), Wagner (2006) all find evidence that

on average multinationals use a greater number of knowledge sources than non-MNEs in the

production of R&D and in particular technology or information acquired from international

markets.8 Determining the direction of causation is of course difficult to establish when using

cross-section data, suggesting an additional advantage of the annual panel data available to

us.9

The data we exploit is an annualised version of the Spanish Community Innovation

Survey (CIS) carried out by the Spanish National Institute of Statistics available from 2004 to

7 We use the reform period as a motivation and do not provide a test of whether IP reform stimulated the
observed FDI inflows. We do so because the reforms were contained in a number of pieces of legislation,
involved the establishment of courts to look at IP issues and were spread across a number of years. They
therefore do not offer the opportunity to apply a clear treatment versus control approach.
8 Veugelers and Cassiman (2004) label the various domestic/foreign R&D expenditures made by the firm as
technology sourcing. We label these as technology flows or knowledge flows in order to differentiate them from
the technology sourcing motive for FDI.
9 We also build on the case study evidence reported in Bresman et al. (1999) and Cassiman et al (2004-
published?). Bresman et al. (1999) find evidence that the immediate post-acquisition period is characterized by
the transfer of knowledge from the acquirer to the acquired, whereas over the longer term there is stronger
evidence of reverse flows.



4

2008. This dataset provides detailed information on the R&D behaviour of firms,

distinguishing knowledge inputs by provider and between national and international origins,

in an annual panel setting alongside information on the ownership structure of the firm,

which includes the country location of the headquarters of the parent firm. Our empirical

framework combines propensity score matching and difference-in-differences to account for

the non-random nature of the change to majority foreign ownership.

We find from our analysis strong evidence of a change in knowledge flows within a

newly acquired affiliate of a foreign MNE and according to whether that FDI inflow comes

from a country that is closer to the technological frontier compared to Spain or not. For FDI

inflows into Spain from frontier countries we show that relative to a matched control group of

non-acquired firms, resources are shifted away from local effort in the production of R&D in

favour for an increase in knowledge drawn from foreign external sources in particular from

within foreign parts of the same business group.

In comparison when FDI inflows are from countries that are as, or less,

technologically intensive that Spain there are also changes in the knowledge production

function of the newly acquired firm, but of a pattern that might be interpreted as consistent

with technology sourcing FDI. Here we find that relative to a matched control group on non-

acquired firms, total R&D expenditures do not change significantly following acquisition but

there is a change in the input mix now towards the domestic in-house R&D effort. We also

find some evidence for this group of firms that knowledge flows from abroad decrease. These

results are robust to different definitions of frontier countries, indeed they are strongest when

we restrict the technological frontier to be defined by firms from Germany, Japan and the US.

They are also robust to the inclusion of differences in the policy environment of other

countries relative to Spain, where this includes a measure of corporate tax rates, as a way to

control for the incentive for transfer pricing by MNEs, and for the tax treatment of R&D. We

find no evidence of transfer pricing in our data, although there is suggestive evidence that tax

policy differences between countries may affect the location of R&D effort at the margin.

2. Literature Review

While there is widespread evidence on the fact that foreign ownership and cross

border M&A lead to a superior performance of the target firm measured as productivity gains

(i.a. Conyon et al., 2002; Griffith, 1999; Harris, 2002; Benfratello and Sembenelli, 2002;
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Arnold and Javorcik, 2009; Evenett and Voicu, 2003; Balsvik and Haller, 2010; Chen 2011)

or as innovative output (Criscuolo et al., 2010; Veugelers and Cassiman, 2004; Guadalupe et

al., 2010), there are less clear cut answers on the question how this superior performance is

achieved. The classical arguments of superior managerial techniques, a restructuring of the

production process, the ease of financial constraints, scale and scope of production and

market power are often brought to the fore as possible explanations. Another main aspect in

achieving this superior performance however is the restructuring of the R&D production

process or in other words a reshaping of the knowledge production function of the target firm.

The problem is that neither there is a well-established theoretical model nor unambiguous

empirical evidence of how this R&D restructuring process following a foreign acquisition

looks like.

From the theoretical point of view, headquarter activities of MNE as R&D are carried

out in the relatively skill abundant country and production activity is done by the subsidiary

located in the unskilled abundant country, if countries are sufficiently different in their skill-

intensity (Keller and Yeaple, 2008). On the other hand the idea of cross-border technology

transfer enabled through FDI (Keller, 2004) can be used to either justify an increase in the

R&D activity of target firms (e.g. when there is knowledge transfer useful for technology

adoption (Lall, 1983) or to argue for a decrease in R&D activity following reduced incentives

for own research efforts (Katrak, 1990). Referring to the Nocke and Yeaple (2008) model of

FDI mode-choice between greenfield investment and M&A, Bandick et al. (2010) argue that

acquisitions which incorporate the intention to acquire the target firm’s assets, will lead to a

relocation of the R&D activity to the investor’s country only if these activities are substitutes

for the investors own R&D activities. If the activities are complementary then they will be

left in their respective countries. This is supported by Bertrand et al. (2008). Their model

predicts that the higher the complementarity of assets the higher is the acquisition probability.

Furthermore, these authors show that, after the acquisition, the investor will increase R&D

spending in the target firm to make use of these complements and to prevent competitors

from stealing the market by own similar R&D efforts.

Also by looking at the literature dealing with the driving forces of FDI one can

conclude on post-acquisition effects concerning R&D in the target firm. When motives like

market access, export-platform or cost advantages (labour, tax, …) are dominant, one

certainly would expect either no effect or a reduction of R&D spending in the target firm.
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However when the prevailing motive is access to the target firms technology (technology

sourcing) or to the target country’s superior technology infrastructure (educated workers,

reservoir of professionals, education system in general) an expansion of the R&D activity in

the acquired firm is likely.

On the empirical side, Siebale and Reize (2011) adhere that most studies find a

negative relationship between M&A and subsequent R&D activities but do not differentiate

between foreign and domestic acquisitions or they focus on either the R&D activity of the

entire economy (Bertrand and Zuniga, 2006) or the acquiring company (Marin and Alvarez

2009). Importantly, they also note that approximating foreign acquisitions with foreign

ownership is strongly problematic since the causes of greenfield investments may be strongly

different from those of foreign acquisitions (Nocke and Yeaple, 2008). Thus also the study of

consequences of greenfield investment should be separated from that of foreign acquisitions.

These differences are not attributed for in studies of foreign ownership as for example

Criscuolo et al. (2010), Griffith et al. (2004), and Wagner (2006). There are few studies

directly assessing the causal effect of foreign acquisitions on the subsequent restructuring

process of R&D activities in the target firm.

Bandick et al. (2010) for example explicitly address this issue and empirically analyze

the effect of foreign acquisition on Swedish target firms. Their results suggest that the fear of

foreign takeovers resulting in a relocation of R&D to the MNE country of origin is

unjustified. They find that cross border acquisitions entail increased R&D intensity in the

Swedish targets. The same conclusions can be found in Bertand (2009). He looks at cross-

border M&A in France from 1994-2004 in the manufacturing industry and finds positive

effects of international acquisitions on the level of R&D spending and its subcomponents

which are expenditures for in-house R&D, acquisition of R&D from outside the firm,

onshore and offshore outsourcing of R&D activity. He also finds that this raised R&D

expenditures are mainly financed by internal sources.

On the contrary Stiebale and Reize (2011) who analyze a panel of German medium

sized enterprises, do not find positive effects of cross border M&A on innovation activities of

target firms. Not only do target firms have less innovation outputs after acquisition, also a

large and significantly negative impact on the propensity to do R&D can be found.

Conditional on performing R&D cross border acquisitions affect R&D intensity negatively.

In sharp contrast to Bandick et al. (2010) they conclude that M&A might be detrimental to
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the technological basis of the host country. They justify this by their finding that for given

R&D expenditures no effect on innovation output is found.

As we have seen there are theoretical arguments that feature both a positive impact of

foreign acquisition on the R&D activity of target firms and a negative impact. Handing over

this question to empirical analyses so far produced mixed evidence. To contribute in settling

this empirical dispute, we argue that it is not possible to give a clear cut answer by looking at

foreign acquisitions in general but one has to differentiate between the countries of origin of

the investor. As the discussion of motives for acquisitions stressed, there might be different

post acquisition implication for the R&D production function of the target firm depending on

the pre-acquisition intentions. We argue that for countries less advanced on the technology

frontier ladder, the technology sourcing driving force is more likely than for technological

leading countries. This presumably entails a rise in research activities in the target firm. In

contrast, for MNEs from technological leading countries existing R&D facilities might be

redundant and thus substitutable. Here we expect instead more technology transfer from the

foreign headquarter.

To our knowledge Griffith et al. (2006), Javorcik (2011), and Chen (2011) are the

only authors who consider the influence of the investor’s origin on a firm’s performance.

However the object of investigation in these studies is somewhat different as compared to

ours. Javorcik (2011) does not look at target firms R&D activities but analysis whether the

origin of foreign investors affects the degree of vertical spillovers from FDI to domestic

producers and finds that US investors produce more spillovers that European firms. Chen

(2011) studies the relationship between the investor’s origin and the performance of the

acquired firm. He finds that firms acquired by MNE from industrialized countries exhibit the

best post-acquisition performance. Acquisitions from developing countries entail lower labor

productivity gains as compared to targets that were acquired by domestic firms. Griffith at al.

(2006) on the other hand evaluates how the target firms performance effects the investor’s

productivity. More concrete, they find a positive effect of outward FDI directed to the US

when analyzing UK firms who had established a high proportion of US-based inventors.

They state that technology sourcing is more important for countries and industries who have

"most to learn". This is supported by their finding that industries further away from the US

industry frontier enjoyed a larger benefit from US R&D growth. Additionally they show that
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this form of benefits through outward FDI is not reciprocal, i.e. the same findings do not hold

when analyzing the gains from UK R&D growth for US firms who have affiliates in the UK.

From this we deduce that similar patterns should hold when looking at a broader set

of countries. Countries below the technology frontier of the target country should benefit

from outward FDI while investments of relatively more technological advanced countries

should not entail a significant benefit for the investing firms though knowledge flows. The

latter leading to the conclusion that technology sourcing is not the major goal of advanced

countries investors. For the R&D activity in the target firm this means that it is presumably

enlarged when acquired by a less technological advanced country and reduced when acquired

by a more technological advanced country. We also suggest that this argument in relative

terms may be also generalized in an absolute way: it depends on the absolute rank of a

country in the list of world technology leaders whether technology sourcing is a driver for

FDI. Technology sourcing is only important for country not forming the world’s technology

frontier and not important for frontier countries. This implies for example that acquisitions by

the US are not for technology sourcing and thus entail a reduction of the target firms R&D

activity while the contrary holds for acquisition from China.

As already highlighted above, in contributing to this line of research one has to be

aware of two potential problems. The first is that purely looking at foreign ownership is not

advisable since greenfield investments is then mixed up with M&A. The second is the

problem of causality since the targets of cross border acquisitions are not a random sample

from the population. They are picked for example because being more productive ex ante

(Balsvik and Haller, 2010). So this kind of study has to control for this selection bias. Several

approaches are proposed in the literature to address this problem and applied already in this

branch of literature on the effects of FDI . We follow Bertrand (2009) and Bandick at al.

(2010) and established causality by using propensity score matching together with

Difference-in-Difference estimation on a panel of Spanish firms in order to look at the

composition changes of R&D inputs following foreign acquisitions from different countries

of origin up to two periods.
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3. Data and Methodology

3.1 The data

Our dataset comes from a yearly panel survey of Spanish firms (Panel de Innovación

Tecnológica, PITEC) that covers the years 2004 to 2008. This database is constructed by the

Spanish National Institute of Statistics as an annualised version of the Spanish Community

Innovation Survey (CIS) and is a representative, balanced panel sample of firms operating in

the manufacturing and in the service sector.10 In the survey each firm provides information

on a number of key firm characteristics, such as sales, number of employees, ownership and

industry and of interest in this paper, detailed answers about its innovation activities.

The key variables of interest in the paper are the measures of a firm’s innovation

expenditures at different levels of aggregation shown in Table 1.11 The most general measure

is total innovation expenditures which includes three categories of spending: internal R&D

(i.e., R&D undertaken within the plant), which is approximately 73% of total innovation

expenditures; spending on external R&D, which is around 11% of total innovation

expenditures; non-R&D (for example, training, market preparations of products or market

research and launch advertising, which represents on average 16% of total innovation

expenditures in our sample). We concentrate our analysis on External R&D, which is defined

in the survey as:

“Purchases of R&D services through contracts, informal agreements, etc…

Funds to finance other companies, research associations etc”.12

The firm is further asked to disaggregate the purchases of R&D services that are

external to the firm into those that are domestic purchases or imports. We label these

variables R&D external domestic, and R&D external foreign respectively. Finally, the

company also distinguishes its R&D spending by type of provider. With this information, we

can further classify external R&D imports into the following groups: i) external foreign R&D

within the same business group, which include purchases from the headquarter and from

other affiliates within the same business group, ii) external foreign R&D from other private

10 The panel is balanced with 12,813 firms generating a total of 64,065 firm-year observations.
11 In Table A1 in the Appendix we provide a complete list of all subcategories.
12 R&D services are defined in the survey as: “Creative work to increase the volume of knowledge and to create
new or improved products and processes (including the development of software)”. The definitions of all
variables are documented in the Appendix.
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firms, namely purchases from foreign private providers (outside of the same business group),

and (iii) external foreign R&D from foreign non-private providers, such as Universities,

public administration, non-profit organisations (NPO) and other international organizations.

Of these various categories of R&D spending we are interested principally in the

measures of internal R&D and external foreign R&D from the same business group. We

interpret the former as evidence of technology sourcing by foreign MNEs. To the extent that

domestic firms wish to benefit from local R&D activity we might anticipate growth in these

expenditures. We use purchases of R&D from within the same business group as an indicator

of direct technological flows between MNE affiliates. Increases in this variable we interpret

as consistent with complementarities between domestic and MNE R&D.

As described above, the data also contain information on the ownership of the firm,

and specifically the location of the headquarters of the owner. We identify foreign acquisition

in the sample when there is a change in the location of the headquarters from Spain to a

foreign country. 13 In the data we identify 180 acquisitions from foreign multinationals during

the period 2004-2008. We distinguish between acquisitions from MNEs that belong to

technologically leading countries and that are not using the information on the country

location of the headquarters. We classify MNEs from leading countries as those with business

enterprise R&D expenditures (BERD) as percentage of GDP higher than Spain, and from

non-leading countries otherwise. The data come from the “STAN” database from the OECD.

In Table 2 column 1, we show the number of acquisitions by country. There are 154

acquisitions from leading countries, mostly from the European Union, and 26 from non-

leading countries.

Given that the main interest of our analysis is to test the impact of foreign acquisition

on knowledge flows relative to non-acquired firms we exclude firms without continuous

innovation expenditures, firms that are always foreign owned, firms that were acquired more

than once, firms that exited either permanently or temporarily from the sample14 and public

13 Firms are asked to report the location of headquarters for the majority equity holder of the firm. We therefore
observe foreign acquisition when the equity share increases above 50%. This is line with the approach found in
Bandick et al. (2010) and Balsvik and Haller (2010). We do not include mergers in our analysis. The data
indicates mergers separately as “becoming part of another company”, “being absorbed” and “merger”.
14 This is due to the fact that disturbances in companies around a time point of closure or nearly closure certainly
have their own effect on firm performance, input expenditures and composition and that we cannot disentangle
these influences from true acquisition effects. We cannot exclude entrants in line with Bandick et al. (2010)
since this is not reported in the data set.
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firms. In order to control for outliers, we also exclude firms with turnover above the 1% tail

of the distribution. Our final sample is a balanced panel of 4764 innovating firms.

Table 3 presents descriptive statistics for firms that have been acquired, differentiating

between acquisition from frontier or non-frontier countries, and for domestic firms that have

never been acquired. For acquired firms, we show values for the year of the acquisition, for

the year before and the year after the acquisition. In most cases the values are higher for the

group of firms that have been acquired compared to the set group of firms that are never

acquired. The exceptions to this are internal R&D, domestic R&D outsourcing (external

domestic) and acquisitions of R&D from legally independent foreign private entities

however, where the average for the never acquired group is slightly higher. Table 3 also

shows that the gap between acquired and non-acquired firms is also present in the year before

acquisition.

The comparison between acquired firms from frontier countries and acquired firms

from non-frontier countries indicates that there are some differences between these two

groups, although these sets of firms still appear more similar to each other than the group of

non-acquired firms. This suggests that acquisition is not random, but rather foreign MNEs

cherry-pick the best domestic firms to be acquired. Therefore, a simple comparison between

acquired and non-acquired firms might not be the basis for our analysis. In the next section,

we analyse whether acquisition is random after controlling for covariates.

3.2 Characteristics of Acquisitions

In this section, we identify characteristics of firms that have been acquired. Our

purpose in the subsequent matching procedure is to find for each acquired firm a non-treated

firm with similar innovative activities and general characteristics in the pre-acquisition

period. Within each of such pair, acquisition can be considered as a random treatment.15

We use probit models with cluster robust standard errors and regress the dummy

variable being acquired on several innovative expenditures, controlling simultaneously for a

number of other factors that potentially influence the probability of being acquired.16

'
1

'
1

1 if 0

0 if 0.
it i it

it

it i it

X
Acquisition

X

   

   




    
 

   
(1)

15 See section 3.3 for a discussion of the propensity score matching procedure.
16 We use a pooled cross-sectional approach. The results also hold if we use a random effect probit model.
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In equation (1), itAcquisition is a dummy variable that takes the value one if there is a

change in ownership as described above. The vector 1itX  reflects pre-treatment factors17 that

influence acquisition, i stands for time-invariant industry factors, and it is the error term,

which we assume is normally distributed with variance 2
 .

We consider the following measures of innovative activity: the logarithm of internal

R&D; the logarithm of external R&D; and a dummy variable that takes the value one if the

plant had ex-ante R&D imports within the group. These variables provide information about

the general R&D structure of the firm. As additional controls, we include the size of the

company (in terms of number of employees), labour productivity, which is defined as the

logarithm of a firm’s turnover over its number of employees, a dummy that takes the value

one if the firm exports, 18 regional dummies given the importance of agglomeration effects to

induce spillover, and sector and year dummies. While the export dummy is seen as a proxy

for international competitiveness and experience abroad, the size of the company and labour

productivity may be considered as indicators for (home) market access and profitability.

In column (1) of Table 4, we show the results of the probit model for the whole

sample. We find that labour productivity and number of employees have a positive and

significant effect on the probability of acquisition. This confirms the impression evident from

the summary statistics that foreign MNEs choose to acquire the best domestic firms.

Conditional on these firm characteristics we find no additional role for the export status of the

firm.

Of the R&D variables we find some surprising results. We find no association

between internal R&D and the probability of being acquired, while external R&D spending

has a negative effect.19 The dummy for ex-ante R&D imports within the business group in

contrast is significant and positive. This would seem to suggest that while knowledge

acquisition is a motive for the FDI that we observe in the data it would appear that it is some

17 Matching variables must not be affected by treatment (or the anticipation of treatment) because otherwise the
so called Conditional Independence Assumption (CIA) is vitiated. This is accommodated by using pre-treatment
values of the variables X. Imbens (2004) affirms that lagged outcome variables can be included in this vector of
covariates.
18In a robustness test we also use the skill intensity of the R&D labour force measured as compensation of R&D
personnel (researchers and technicians) divided by their number. While not changing sign and significance of
the other covariates this leads to a loss of observations not acceptable for our subsequent analysis. According to
Bertrand (2009) skill intensity may be considered as a technological driver of acquisitions since it is a measure
for certain technological knowledge and capabilities.
19 A results not reported here is that we checked by further differentiating external R&D expenditures into
subgroups. We found that this negative effect is attributable to external domestic R&D expenditures.
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aspects of the R&D process that are of particular interest. MNEs appear interested in gaining

access to the knowledge generated by other firms within the same business group. As we are

unable to identify Spanish owned MNEs and we might anticipate a strong correlation

between this measure of knowledge transfer and MNEs status we caution against making

such an interpretation too strongly however.

It is important to replicate the regression analysis distinguishing between acquisitions

of frontier and non-frontier countries to evaluate differences between the two groups. These

estimates are in columns 2 and 3 of Table 4, respectively. The results are similar to those

based on the whole sample with the exception that having R&D imports within the business

group is not significantly different from zero for firms acquired from non-frontier countries.

Finally, in column 4 of Table 4, we restrict the sample to acquired firms only to compare the

characteristics of firms acquired by an MNE from a frontier versus non-frontier country.

Despite the differences apparent in columns 2 and 3 we find that there are no significant

differences between those firms acquired by MNEs from frontier and non-frontier countries.

The findings presented in Table 4 show that there are differences between acquired

and non-acquired firms, but not between acquisitions from frontier and non-frontier

countries. This evidence suggests that in order to detect causal effects of acquisitions on

R&D sourcing there is a need to follow a matching procedure to randomize acquisition,

which we describe in the next section. However, it is not necessary to further separate

acquisitions from frontier and non-frontier countries.

3.3 The matching procedure

The fundamental evaluation problem in finding the effects of foreign acquisition on

the innovative input structure of Spanish firms is that we would like to compare the ‘after

acquisition innovation expenditures’ of an acquired firm with the expenditures the identical

firm would have had if it were not acquired. Since no firm can be subject to treatment and not

at the same time, this direct comparison is not possible and so we apply propensity score

matching as evaluation method. The basic idea is to find in the group of non-treated those

units that are most similar to the treated in all relevant characteristics. Given that finding a

match for a treated unit is difficult when controlling for more than a few variables

Rosenbaum and Rubin (1983) suggest control by a function of the vector X instead which is
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the conditional probability of receiving treatment given the set of characteristics. 20 This

propensity score we calculated on the basis of the probit model21 for the whole sample,

reported on column 1 in Table 4. We pair each acquired firm with the closest non-acquired

firm in the same year by calliper matching with replacement,22 which implies that some

control firms are matched to more than one acquired firm.

To validate the quality of the matching procedure, we test whether after matching pre-

acquisition variables are balanced between acquired and non-acquired firms. The results of

our balancing tests are displayed in Table 5 in columns a and b. Standardised biases are

appropriate when looking at each ex ante covariate separately and overall.23 From this table

we find for all of the firm characteristics individually and for all covariates together a

successful reduction in this biases due to matching. For all covariates the t-tests indicate that

after matching the equality of means cannot be rejected, i.e. no significant differences

between the acquired and non-acquired can be found. For completeness we also report the

median standardised bias and its reduction due to matching as well as the Likelihood-ratio

test of the joint insignificance of all regressors. The latter helps check the overall covariate

imbalance, as is also the case for a comparison of the Pseudo-R2 of the initial probit

estimation with the Pseudo-R2 of the identical estimation on the matched sample of treated

and controls. We conclude that the treatment and the control group are balanced after

matching, in contrast to the differences displayed in Table 3 before matching.

After matching, our final sample consists of 284 firms with 146 acquisitions and 138

untreated firms. There are 122 acquisitions from frontier and 24 acquisitions from non-

frontier countries (see Table 1, column 2).

20 Rosenbaum and Rubin (1983) show that if conditioning on X makes the non-participation outcome
independent of the treatment status it is also independent when conditioning on P(X).
21 Caliendo and Kopeinig (2008) point out that there is little advice in the literature regarding model choice for
the case of a binary treatment. Using probit, logit or a linear probability model depends on researchers’
preferences and the well-known advantages and shortcoming of the respective models.
22 Our calliper is 0.001. A presentation of alternative matching possibilities is given in Caliendo and Kopeinig
(2005) as well as in Sianesi (2004). Matching is carried out with STATA command PSMATCH2 by Leuven and
Sianesi (2003).
23 The criterion for judging the standardized bias as too large is varying with different studies. While
Rosenbaum and Rubin (1985) and Bertrand (2009) report everything in excess to 20% as too large, Caliendo
and Kopeinig (2008) demand 3%-5% as maximum. For the definition of the standardized bias see Rosenbaum
and Rubin (1985).
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3.4 The estimation method

In order to find post-acquisition implications for R&D sourcing we use the

following model as a baseline for our estimations:

'
1 ,it it it it itY Acquisition Acquisition Z         (2)

where itY are different measures of innovative expenditures.

We study the effects of foreign acquisition on these outcome variables in the year of

the acquisition (the dummy variable itAcquisition is equal to one in the year of the

acquisition), along with the year after the acquisition ( 1itAcquisition  is equal to one if there

was an acquisition in the year before). itZ is a set of control variables, and it is the error

term. The regressions are estimated using an OLS model with firm-fixed effects. The

estimates can be interpreted as a difference-in-differences procedure comparing whether

acquired firms deviate compared to their pre-acquisition behaviour innovative expenditures

and compared to the non-treated group. For example, a positive sign of the coefficients  and

 implies that in the year of the acquisition and one year after acquisition, respectively, the

plant is spending more than its pre-acquisition level, as compared with the non-treated group.

Our innovative measures are the previously described and reported in Table 2: total

innovation expenditures, R&D internal, R&D external, R&D external domestic, R&D

external foreign, R&D external foreign within the same business group, R&D external

foreign from other private, R&D external foreign non-private, and innovative expenditures

other than R&D. As control variables we include the firm size, measured as the number of

employees (in logarithms), and the previously described exporter dummy. These variables are

an attempt to control for other firm characteristics that may also change following acquisition

by a foreign MNE and which may also affect the level of innovative expenditures.

In comparing the effects of acquisition across countries we open the possibility

that there may be other country differences that may determine the post-acquisition

behaviour of the firm but which are not associated with international technology

transfer. Perhaps the most obvious example would be the possible transfer pricing by

MNEs in order to move profits to low-tax jurisdictions, a factor that may be particularly

relevant for difficult to price flows of intangible assets between countries. To control

for this possibility we also include a measures of relative corporate taxes between Spain
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and the country of origin of the MNE. We construct the ratio of corporate income taxes of a

given country to the corporate income taxes of Spain. The data come from the “Tax database”

from the OECD (several years). If corporate taxes are larger in Spain than in the other

country, firms might be willing to increase their innovation expenditures in Spain and

decrease their expenditures in the other country thus reducing taxable profits in the high-tax

country. As corporate taxes in Spain increase with respect to the other country, the value of

the relative corporate taxes ratio decreases. Therefore, if transfer pricing were a relevant

source of differences in behaviour between MNEs from different countries we would expect

a negative relationship between our measure of relative corporate taxes and innovative

expenditures. Finally, we also include two-digit sector, regional, and year dummies to control

for other difficult to observe, common industry and year factors.

4. The effects of foreign acquisitions on different measures of innovation

expenditures

The results of estimation the effect of foreign acquisition on the different measures of

innovation expenditures according to our specification described in (eq. 2) are presented in

Table 6 and 7. We use fixed effects estimation with robust variance-covariance matrix

estimators clustering on the country level.

Table 6 show the effect of acquisitions not distinguishing between the location of the

headquarter of the acquiring MNE, while in Table 7 we use an interaction dummy to test for

differences according to whether the foreign acquisitions occur from countries that is less

technologically advanced than Spain. The acquisition variables without this interaction

term therefore represent the effect of acquisition from countries that are more

technologically advanced than Spain.

The additional variables that are included in the regression have relatively little

explanatory power. Of the firm level controls we find that significance of the size of the

firm occurs on for total innovation expenditures (table 7, column 1), total internal R&D

expenditure (table 7, column 2) and total R&D expenditure other than R&D (table 7,

column 4).24 The export variable is significant on one occasion, having a positive effect

24 For estimation without the interaction term in table 6 size is significantly positive in column 1, 2, 7, and 9.
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on expenditure on non-private foreign external R&D expenditure (table 7, column 9).25

In Table 6 and 7 we find some evidence of cost motives associated with tax policy for

R&D. We find that a higher relative corporate tax ratio of the foreign country (the

foreign country tax rate increases relative to Spain) is associated with a decrease in

specific types of R&D expenditures within Spain (other private foreign external R&D

expenditure (table 6, column 8) and non-private foreign external R&D expenditure

(table 7, column 9)). This suggests transfer pricing for this forms of R&D expenditures.

Turning next to the acquisition variable we find in Table 6 significant

contemporaneous changes to R&D expenditures, with a mix between positive and

negative effects. We can find only a small number of significant lagged effects. The

changes that we do identify suggest a very specific pattern of behaviour.

There is a significant negative effect on total innovation expenditure (column 1)

and total internal R&D expenditures (column 2). This knowledge flows away from

internal expenditures are kind of rebalanced by external expenditures in columns 3 of

the table. Acquisition FDI is associated with an increase in knowledge transfer from

overseas and away from domestic R&D efforts, the net effect of which is a decrease in

total R&D expenditure by the firm relative to its pre-acquisition level. This helps to

explain why MNEs have been found to use more intensively external sources of

knowledge in the cross-section evidence of Veugelers and Cassiman (2004), Criscuolo et

al. (2007), Wagner (2006) and suggests a causal relationship from multinational status and

knowledge transfer from abroad.

In the remainder of the table we decompose external R&D into its

subcomponents (columns 5-9). The evidence in the table shows that the significant

positive effect on total external expenditure is explained by external domestic as well as

external foreign. From this table we cannot see further how this spending on external

foreign R&D is achieved.

Table 7 extends the results in Table 6 to allow for differences in the country of origin

of the acquiring firm. As a reminder, the effect of acquisitions by MNEs from countries that

are more technologically intensive than Spain are given by the acquisition variables, whereas

the effect of acquisition by MNEs from non-frontier countries are given by the interaction

25 The export variable is significant and positive also for other private foreign external R&D expenditure
in column 8 of table 6.
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term with the non-frontier dummy. The coefficients on these latter set of variables themselves

indicate whether the change in the dependent variable for acquisitions from less

technologically intensive countries are significantly different to that which occurs when the

FDI inflow is from a MNE is a more technologically intensive country. The results from this

exercise indicate a number of notable differences in behaviour between these two groups.

The results for total expenditures in column 1 suggest that the previous finding of

negative changes in total innovation expenditure masked differences according to where the

acquiring MNE was from. We now find evidence that total innovation spending in fact

declines when the acquiring MNE is from a country more technologically intensive than

Spain, whereas when FDI is from a less technologically intensive country total expenditures

rise but not significantly so. The same holds for expenditures on internal R&D (column 2)

even with a significant positive effects for acquisitions by less technologically intensive

countries with one year lag.

A more detailed look to the three subcomponents of total innovation expenditure,

internal and external R&D expenditures as well as other non-R&D expenditures, in column

2-4 reveals other differences between FDI flows from countries and below the technological

intensity of Spain. For FDI from above we mimic the results in table 6 that acquisition leads

to a decrease in internal R&D and an increase in expenditures for external RD. i.e. we

replicate here the general shift from insourcing to outsourcing. However, for acquisitions

from non-frontier countries we find the opposite set of relationships. We now find that

internal R&D expenditures actually increase relative to their pre-acquisition levels, whereas

external R&D expenditures decrease (although this effect is only statistically significant for

one year after the acquisition). These results point strongly to a conclusion that FDI flows

from less technologically intensive countries, even when this occurs into non-frontier

countries, are associated with technological sourcing. MNEs from these countries increase

the R&D efforts that occur in the country that is closer to the technological frontier. In

contrast other motives appear to characterise FDI inflows from countries that are more

technologically intensive. Here the evidence appears to point to a conclusion of

complementarities between the technology in the non-frontier country and the MNEs own

knowledge.

The remaining columns in Table 7 tend to strengthen this view, in particular the

international aspect of the knowledge transfers that occur when FDI is from above. In column

6 we find that there is an increase in expenditure on imported knowledge by the acquired firm
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when the acquiring firm is located in a country more technologically intensive than Spain,

where column 7 suggests that this occurs because of the increase in expenditures from within

the business group. MNEs transfer the source of their comparative advantage between their

affiliates. A view reinforced further by the result in column 9 which suggests that at least one

other form of imported knowledge (that from non-private sources) falls.26

Again, and in contrast to the behaviour which occurs when acquisition is from

countries that are more technologically intensive total imports of foreign knowledge, and in

particular expenditure on knowledge internal to the business group actually falls when firms

are acquired by MNE originating in less advanced countries. We also find in column 8

evidence that knowledge flows from other foreign private firms also declines relative to their

pre-acquisition levels.

5. Robustness

5.1 Alternative Definitions of Technological Frontier Countries

Within our analysis we use the technology intensity of countries to identify whether

the FDI inflow that we observe comes from a MNE that lies closer to the technological

frontier, or from a MNE that lies close to, or further behind, the technical frontier than Spain.

While the empirical results we present in Table 7 suggest that this assumption is a reasonable

method to partition the acquisitions that take place in the data, we cannot rule out the

possibility that MNEs from countries that are more technologically intensive than Spain using

OECD data on the ratio of business and enterprise R&D to GDP are in fact less

technologically intensive than the firms they acquire, or equally that the MNEs from

countries than countries that are on average less technologically intensive than Spain are

more technologically intensive than the firms they acquire. The presence of such errors would

suggest we currently underestimate the differences in R&D behaviour that we identify

between these two types of FDI.

Data limitations, we cannot observe the technological intensity of the acquirer, limit

our ability to improve upon this assumption and so we choose to test the robustness of our

findings to alternative methods for identifying countries as more or less technologically

26 This result strongly suggesting that MNEs transfer internal knowledge to newly acquired subsidiaries would
appear to confirm the case study evidence presented in Bresman et al. (1999).
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intensive than Spain. We do so by choosing an increasingly narrower set of countries that are

described as on, or close to, the technological frontier, under an assumption that any possible

misclassification of the acquisition FDI that takes place is reduced as the technology gap

relative to Spain increases.

We consider three additional sets of classifications. The baseline specification we

have used thus far classifies countries according to their ratio of Business Enterprise R&D

expenditures over GDP compared to Spain. We use as an alternative the top 10 countries

using this same measure. A second set of classifications is based on information generated by

the European Commission and classifies countries according to data in the European

Innovation Scoreboard (EIS) 2009. This variable is not measured relative to Spain but

identifies those countries that it considers to be on the technological frontier. Finally, we

restrict frontier countries to include only Japan, USA and Germany (JUG countries).

Under the first three measures the greatest sensitivity surrounds the classification of

Austria, Hong Kong, Israel and the UK. Of these the most relevant empirically is the UK, for

which there are 13 acquisitions in our sample compared to just one each for the remaining

countries. The UK is classified as a frontier country in the baseline classification of countries

and that by the European Commission, but is not amongst the 10 most R&D intensive

countries according to OECD data.

We report the results in four panels in Table 8, where we repeat the results from Table

7 in order to ease comparisons. The baseline regressions are in Panel A, the European

Commission classification is in Panel B, the top 10 measure is in Panel C and the JUG

countries are in Panel D. Across the panels we note there is some sensitivity compared to the

baseline estimates, although in general the results would appear to be very similar. Of

perhaps greater interest we find that there is a general increase in the size of the coefficients

as we move from Panel A to Panels B, C and D, and are typically largest for Panel D. In this

panel we classify only acquisitions from Germany, Japan and the US as frontier countries.

The post-acquisition differences between the changes in the knowledge production function

that we identify for frontier and non-frontier FDI are at their strongest under this

classification of countries.

Concentrating on Panel D we find evidence that post-acquisition, the expenditures on

internal R&D fall in the next two years relative to the pre-acquisition period when acquisition

is from Germany, Japan and the US, whereas expenditures on external R&D rise. The
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estimated effect are -1.115 log points in the year of acquisition and –1.018 log point in the

next year, which are larger than the effects estimated in Panel A (-0.622 and -0.559

respectively). When FDI is from countries that are behind the technological frontier on this

measure then expenditure on internal R&D is found to rise in the years following acquisition,

while we find no effect on expenditure on external R&D. Of interest, the coefficients on this

set of variables also rise relative to those found in Panel A, from 0.119 and 0.776 in Panel A

to 0.835 and 0.928 in Panel D. This would seem to suggest that we were misclassifying a

large number of acquisitions as frontier in Panel A compared to Panel D.

The remaining regressions in Panel D also confirm the results in Panel A, although

again the coefficient estimates are typically larger. In Panel A we found that when acquisition

was from a frontier country, expenditures on foreign external R&D rose, in particular those

from within the same business group and from other private firms, while those from non-

private firms fall. Again these effects are even stronger in Panel D and appear in both years

after acquisition. For example, for expenditures on external R&D from within the same

business group the evidence in Panel D suggests a rise of 0.704 and 1.112 log points in the

two years following acquisition, whereas in panel A only the contemporaneous effect was

significant and with a coefficient estimate of 0.414 log points. We find a similar rise in the

estimated coefficients for non-frontier countries in Panel D compared to Panel A, with the

exception that the decline in expenditures on foreign external R&D by private firms is no

longer statistically significant.

In Panels B and C the coefficient estimates tend to lie between those found in Panels

A and D, improving notably when the UK is no longer considered as a frontier country

(Panels C and D). Altogether we conclude from these exercises that are results are robust to

this point.

5.2 Including Other Country Characteristics

Thus far we have controlled for other differences in the characteristics of countries

that might influence patterns of R&D behaviour through a measure of the corporate tax rate

in the country in which the MNE is headquartered and Spain. In this section we add a

measure of differences in the incentives to conduct R&D across countries by including a

measure of the tax incentives for R&D. The data for our measure of tax incentives for R&D,

i.e., the generosity of R&D tax subsidies in the headquarter country, are based on OECD’s

“B-indexes” following calculations of Warda (2001). Spain has the most generous tax
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incentives for R&D in the sample.27 Companies from countries with weaker tax incentives

than Spain (a lower value of the tax incentive measure) might have more incentives to shift

R&D investment to Spain than companies from countries with similar R&D tax incentives.

We report the results from this exercise in Table 9. We find no effect from this variable on

any of the measures of R&D expenditure that we use and irrespective of whether it is

conditioned on the income tax effect variable or not.28 We also note that the corporate tax

variable loses significance in the regression for internal R&D expenditure compared to Table

7. The effects of acquisition on other aspects of the knowledge production function are

unchanged by the inclusion of this control variable.

6. Discussion

Now that we depicted the broad picture of the effects of acquisitions on the sign and

significance on diverse measures of innovative activities and thus potential knowledge

spillovers we have to discuss if FDI via potentially establishing channels for technology

transfer can be viewed as being positive or negative for the host country in general. In order

to come to the point we say one has to be careful in making judgments concerning benefits

and drawbacks of FDI for Spain. We cannot answer this here:

In sum we concentrate in our analysis on the “innovative core” of Spanish firms. As

already explained above the panel we look at consists of firms with innovation facilities in

Spain and of these we drop all that do not continually have innovational activity – accounted

for by innovation expenditures. We do not look at spillover from FDI on other companies29 in

Spain, i.e. we do not account for all effects of FDI for the county itself but we look at the

effects for the innovative core of Spanish firms. This is certainly an important channel by

which FDI can influence the host countries innovative performance and abilities. While there

is no doubt on the existence of this channel it is certainly problematic of giving the negative

and positive signs of a coefficient divers measures of R&D sourcing a normative meaning.

For example it is tentative to conclude that the negative effect of being acquired by a

frontier country on the total innovation expenditures of the innovative core of Spanish firms

27 For example, in Spain, 1 unit of R&D expenditure results in 0.391 units of tax relief.
28 We choose not to report the regression with the tax incentive variable included alone, although they are
available from the authors on request.
29 E.g. competitors or suppliers.
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is equivalent to a reduction in the innovative capabilities of the country. However this

conclusion is misleading since it might as well be the case that the reduction is just an

expression of the resources being relocated to their most efficient utilization. I.e. frontier

country firms reduce inefficiently high spending on innovation by acquiring more R&D from

external sourcing whose cost benefit ratio is better than conducting R&D in-house and by this

make the innovative core of Spain more efficient. So we cannot give a judgment of whether

frontier or non-frontier FDI is good or bad for a country in general. We can just detect the

effects of these different types of FDI on the R&D sourcing strategy of the companies and by

this detect potential sources of knowledge spillovers.

In this sense we find that companies that acquire Spanish innovative firms and are

located in country less technologically advanced than Spain tend to increase the internal or

in-house R&D activity whereas especially the external foreign sourcing is reduced. So

possible spillover channels from abroad are thinned out in favour for an increase in the intra-

country research activity. It thus seems that companies from non-frontier countries acquire

Spanish firms in order to have access to knowledge from a in their perspective

technologically more advanced country. And they decide to keep this knowledge creating

activity in the country of origin instead of dislocating it to their home country. On the

contrary firms from more advanced countries while decreasing research activity and thus

potentially knowledge creating capabilities within the country, widen spillover channels from

abroad and most likely contribute to a more efficient R&D production process of the acquired

firm. Both effects being of potential benefit for the host country.

7. Summary and concluding remarks

This paper exploits a unique dataset that provides detailed information on all

components of innovation expenditures of Spanish firms, distinguishing knowledge inputs by

provider and between national and international origins, in an annual panel setting. This

allows us to study changes in the R&D structure of acquired firms following acquisition by

foreign MNEs. In particular, we can observe the evolution of R&D imports coming from the

business group after acquisition, which is our measure of international technology transfers.
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Given the nonrandom nature of acquisitions, we identify the control group with a

matching procedure. We show that firms that have been acquired are more labor productive

than non-acquired firms. However, we do not find a relationship between internal R&D and

the probability of being acquired, and we also do not find significant differences between

firms acquired by MNEs from technological leading countries and by countries lagging

behind the technological frontier.

Our results suggest that acquired firms never increase their total innovation

expenditures after acquisition. We also find that there is a substantial change in their R&D

structure depending on the country of origin of the foreign MNE. Companies that are

acquired by frontier countries experience a decrease in their internal R&D and an increase in

their international technology transfers, while companies acquired by non-frontier face the

opposite pattern. This result holds for several specifications of technological leading and non-

leading countries.

The analysis in this paper sheds light on a number of important issues related to the

effect of FDI on the capabilities of national firms and potential spillovers. Many countries

have experienced a huge increase in FDI flows from countries with similar technological

gaps than those analyzed in this paper. Our results suggest that promoting FDI from leading

and non-leading technological countries could have asymmetric effects. The next step should

be to investigate the impact of acquisitions on different innovative outputs to study the

effectiveness of foreign acquisitions. We leave this question open for future research.
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Table A1: Decomposition of Expenditures on Innovation in the PITEC data set
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Table 1: Decomposition of Expenditures on Innovation.

Subcategories of total
innovation expenditures

(*) Definition

R&D Internal 1. In-house or Intramural R&D: Creative work undertaken within
an enterprise on an occasional or regular basis in order to
increase the stock of knowledge and its use to devise new and
improved goods, services and processes.

R&D External 2. Acquisition of R&D or Extramural R&D: Firm purchases of
creative work on an occasional or regular basis in order to
increase the stock of knowledge and its use to devise new and
improved goods, services and processes form other companies
(including other enterprises within your group) or public and
private research organisations

R&D External Domestic 2.1

R&D External Foreign 2.2

R&D External Foreign Same
Business Group

2.2.1 R&D acquisitions abroad from companies that belong to the
same business group

R&D External Foreign other
Private

2.2.2 R&D acquisitions abroad from companies that are legally
independent and do not belong to the same business group

R&D External Foreign Non-
private

2.2.3 -
2.2.6

R&D acquisitions abroad from public administration,
universities, non-profitable organizations and other
international organizations

Innovation Expenditures other
than R&D

3. - 7. Acquisition of machinery, equipment and software:
Acquisition of advanced machinery, equipment and computer
hardware or software to produce new or significantly improved
goods, services, production processes, or delivery methods.
Acquisition of external knowledge: Purchase or licensing of
patents and non-patented inventions, know-how, and other
types of knowledge from other enterprises or organisations.

Expenditures on design functions for the development or
implementation of new or improved goods, services and
processes. Expenditure on design in the R&D phase of product
development should be excluded.
Internal or external training for your personnel specifically for
the development and/or introduction of innovations.

Expenditures on all activities concerning market preparation
and introduction of new or significantly improved goods and
services, including market research and launch advertising.

Note: (*) Numbering corresponds to the detailed decomposition of Total Innovation expenditures of fimrs in
table A1 in the Appendix.
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Table 2: Number of acquisitions distinguishing by headquarter of the MNE.

Number of acquisitions
before matching

Number of acquisitions
after matching

BERD as % of GDP
(average 2004-2008)

Israel 1 1 3.56

Sweden 2 2 2.63

Japan 5 5 2.58

Finland 1 1 2.52

Switzerland 6 5 2.17

USA 28 24 1.87

Germany 33 25 1.77

Denmark 2 2 1.76

Austria 1 1 1.73

Hong-Kong 1 1 1.58

Luxembourg 6 6 1.34

France 23 16 1.32

Belgium 5 5 1.29

Canada 2 2 1.10

United Kingdom 17 13 1.08

Netherlands 16 11 0.97

Slovenia 1 1 0.93

Ireland 1 1 0.84

Norway 1 0 0.84

Spain 0.65

Italy 16 15 0.57

Brazil 1 1 0.49(a)

Portugal 4 4 0.47

Estonia 1 0 0.46

Mexico 2 2 0.22

Poland 1 0 0.17

India 3 2 n/a

Total 180 146

Note: Period 2004-2008. (a) Data of Brazil are for the year 2006. Frontier means countries with business
enterprise R&D expenditures (BERD) as percentage of GDP higher than Spain, and non-frontier means
countries with BERD lower than Spain (Source: OECD).
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Table A1: Decomposition of Expenditures on Innovation in the PITEC data set.

Subcategories of total innovation expenditures Definition

1. R&D Internal
In-house or Intramural R&D: Creative work
undertaken within an enterprise on an
occasional or regular basis in order to
increase the stock of knowledge and its use
to devise new and improved goods, services
and processes.

1.1 Current expenditures

1.1.1 Payments to researchers working full time

1.1.2 Payments to technicians working full time

1.1.3 Other current expenditures

1.2 Capital expenditures for R&D

1.2.1 Equipment and instruments

1.2.2 Buildings and land

1.2.3 Specific software for R&D

2. R&D External Acquisition of R&D or Extramural R&D:
Firm purchases of creative work on an
occasional or regular basis in order to
increase the stock of knowledge and its use
to devise new and improved goods, services
and processes form other companies
(including other enterprises within your
group) or public and private research
organisations

2.1 R&D External Domestic

2.1.1
R&D acquisitions in Spain from companies
that belong to the same business group

2.1.2
R&D acquisitions in Spain from other private
companies

2.1.3
R&D acquisitions in Spain from research
associations

2.1.4
R&D acquisitions in Spain from public
administration

2.1.5 R&D acquisitions in Spain from universities

2.1.6
R&D acquisitions in Spain from non-profitable
organizations

2.2 R&D External Foreign

2.2.1
R&D acquisitions abroad from companies that
belong to the same business group

2.2.2
R&D acquisitions abroad from other private
companies

2.2.3
R&D acquisitions abroad from public
administration

2.2.4 R&D acquisitions abroad from universities

2.2.5
R&D acquisitions abroad from non-profitable
organizations

2.2.6
R&D acquisitions abroad from other
international organization

3. Expenditures on machinery, equipment and software Acquisition of machinery, equipment and
software: Acquisition of advanced
machinery, equipment and computer
hardware or software to produce new or
significantly improved goods, services,
production processes, or delivery methods.
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4. Expenditures on external knowledge Acquisition of external knowledge:
Purchase or licensing of patents and non-
patented inventions, know-how, and other
types of knowledge from other enterprises
or organisations

5. Expenditures on design and distribution Expenditures on design functions for the
development or implementation of new or
improved goods, services and processes.
Expenditure on design in the R&D phase of
product development should be excluded.

6. Expenditures on training Internal or external training for your
personnel specifically for the development
and/or introduction of innovations.

7. Expenditures on product placement Expenditures on all activities concerning
market preparation and introduction of new
or significantly improved goods and
services, including market research and
launch advertising
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Table 3: Descriptive statistics

Total innovation
expenditures

Internal
R&D

External
R&D

External
domestic

External
foreign

Ext. foreign
same BG

Ext. foreign
other priv.

Other than
R&D

Number
employees

All acquired firms

in the year of acquisition 13.054 11.013 5.458 4.384 1.987 1.315 0.055 6.176 4.940

(1.447) (4.601) (5.949) (5.682) (4.365) (3.688) (0.741) (5.967) (1.296)

one year after acquisition 13.314 11.418 5.085 3.899 2.184 1.463 0.166 5.432 5.021

(1.411) (4.459) (6.037) (5.627) (4.616) (3.982) (1.288) (6.057) (1.350)

one year before acquisition 13.149 11.691 4.886 4.200 1.680 0.984 0.047 6.070 4.919

(1.445) (3.865) (5.893) (5.616) (4.166) (3.325) (0.637) (6.063) (1.334)

Acquired firms from frontier countries

in the year of acquisition 13.051 10.886 5.620 4.374 2.064 1.401 0.065 6.050 4.899

(1.380) (4.735) (5.948) (5.661) (4.475) (3.812) (0.801) (5.925) (1.273)

one year after acquisition 13.327 11.173 5.253 3.888 2.419 1.683 0.095 5.342 4.945

(1.410) (4.712) (6.029) (5.574) (4.818) (4.230) (0.979) (6.045) (1.345)

one year before acquisition 13.172 11.601 4.933 4.148 1.597 1.089 0.055 6.085 4.864

(1.442) (4.022) (5.885) (5.584) (4.091) (3.508) (0.689) (6.042) (1.321)

Acquired firms from non-frontier countries

in the year of acquisition 13.077 11.767 4.497 4.444 1.532 0.803 0.000 6.917 5.181

(1.828) (3.701) (5.982) (5.917) (3.693) (2.848) (0.000) (6.282) (1.424)

one year after acquisition 13.228 13.040 3.976 3.970 0.633 0.000 0.633 6.026 5.521

(1.459) (1.315) (6.169) (6.161) (2.532) (0.000) (2.532) (6.302) (1.320)

one year before acquisition 13.012 12.225 4.609 4.511 2.173 0.361 0.000 5.960 5.245

(1.482) (2.766) (6.051) (5.903) (4.640) (1.843) (0.000) (6.422) (1.389)

Domestic firms never acquired 12.363 11.176 4.764 4.641 0.637 0.047 0.167 5.720 3.845

(1.555) (3.541) (5.557) (5.509) (2.582) (0.770) (1.322) (5.560) (1.464)
Note: All variables are in logarithms. We show means. Standard deviations are in parenthesis. The variable “ext foreign same BG” means external foreign R&D expenditures
from the same business group.
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Table 4: Determinants of acquisitions. Samples indicated in columns.

Whole sample
Above vs.

non-acquired
Below vs. non-

acquired
Above vs.

below

[1] [2] [3] [4]

Log(turnover/employees) 0.247*** 0.231*** 0.301*** 0.148

(0.033) (0.037) (0.074) (0.173)

Log(employees) 0.181*** 0.180*** 0.189*** 0.073

(0.030) (0.034) (0.045) (0.124)

Export (d) -0.040 -0.040 -0.043 -0.245

(0.086) (0.102) (0.162) (0.375)

Log(R&D internal) 0.002 0.003 -0.005 -0.032

(0.009) (0.009) (0.021) (0.051)

Log(R&D external) -0.021*** -0.020*** -0.025** -0.021

(0.007) (0.007) (0.012) (0.027)

R&D imports within the 1.044*** 1.134*** 0.444 -0.601

group (d) (0.184) (0.187) (0.561) (0.751)

Constant -6.181*** -6.061*** -7.549*** -2.864

(0.475) (0.517) (1.052) (2.110)

Observations 14967 14620 11979 133
Note: The dependent variable is a dummy variable that takes the value one if the firm is acquired in year t, and
zero otherwise. Estimations with a probit model. We report coefficients. Estimated standard errors are clustered
at the industry level and shown in parenthesis. All independent variables are lagged one period. All regressions
include sector, region and year dummies. The symbol (d) means dummy variable.* Significant at 10%. **
significant at 5%. *** significant at 1%.
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Table 5: Balancing tests

a) For each ex ante covariate

Variable
Mean

%bias
% |Bias| t-test

Treated Control reduction t p-value

Log(turnover/employees) 12.264 12.278 -1.6 97.7 -0.14 0.887

Log(employees) 4.879 4.926 -3.3 95.8 -0.28 0.780

Export Dummy 0.781 0.760 4.6 87.5 0.42 0.678

Ex ante R&D imports
within the group (d)

0.048 0.034 6.0 87.0 0.59 0.557

Log(R&D internal) 12.029 12.424 -10.9 24.8 -1.05 0.294

Log(R&D external) 4.395 5.147 -13.1 -830.2 -1.09 0.277

b) Overall measures of covariate balancing

Mean abs.
std. bias

%
|Mean Bias|
reduction

Median
abs. std.

bias

% |Median
Bias|

reduction

Pseudo
R2

LR- test

chi2 p>chi2*

before
matching

40.977 41.440 0.116 207.02 0.000

after matching 6.579 83.94% 5.288 87.24% 0.009 3.52 0.741

Note: The symbol (d) means dummy variable. *Likelihood-ratio test of the joint insignificance of all regressors.



38

Table 6: DID estimates of the effect of acquisition on innovation expenditures based on the randomized sample.

Total
Innovation

Expenditures
[1-7]

Expenditure
on Internal

R&D

[1]

Expenditure
on External

R&D
[2]

Non-R&D
Innovation

Expenditures
[3 - 7]

Expenditure
on External
Domestic

R&D
[2.1]

Expenditure
on External

Foreign
R&D
[2.2]

Expenditure on
External Foreign

R&D by the
Same

Business Group
[2.2.1]

Expenditure on
External

Foreign R&D
by other Private

Firms
[2.2.2]

Expenditure
on External

Foreign
R&D by

Non-private
Firms

[2.2.3 -
2.2.6]

Year of acquisition -0.087* -0.602*** 0.798** 0.350 0.506* 0.331* 0.217 -0.099** 0.047

(0.050) (0.186) (0.347) (0.375) (0.258) (0.187) (0.174) (0.042) (0.509)

One year after -0.048 -0.443* 0.156 -0.338 0.553 0.178 0.245 -0.019 -0.374

acquisition (0.058) (0.228) (0.256) (0.358) (0.461) (0.366) (0.254) (0.140) (0.602)

Relative -0.242 -0.296 -0.687 -1.635 -1.007 0.797 -1.721 -0.431*** 0.920

corporate tax (0.426) (0.899) (1.262) (1.248) (1.450) (0.892) (1.140) (0.117) (1.912)

Size 0.471*** 0.583* 0.822 0.496 0.685 -0.215 0.531* 0.180 1.783***

(0.118) (0.318) (0.692) (0.613) (0.447) (0.190) (0.306) (0.202) (0.266)

Export 0.095 -0.051 -0.476 -0.145 -0.201 -0.039 -0.221 0.102* -0.809

(0.066) (0.268) (0.507) (0.552) (0.302) (0.065) (0.225) (0.057) (0.698)

Constant 10.721*** 6.497*** 1.620 2.785 0.007 1.339 0.538 -0.434 -3.275

(0.649) (1.383) (3.025) (2.795) (2.220) (1.348) (1.466) (0.981) (2.705)

Observations 1,248 1,248 1,248 1,248 1,248 1,248 1,248 1,248 1,052

R-squared 0.056 0.152 0.011 0.009 0.019 0.015 0.010 0.007 0.076

Number of id 283 283 283 283 283 283 283 283 283

Note: OLS estimates. Estimated standard errors are clustered at the country level and shown in parenthesis. All regressions include firm-fixed effects, sector, region, and year dummies. * Significant

at 10%;** Significant at 5%; *** significant at 1%.
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Table 7: DID estimates of the effect of acquisition on innovation expenditures for MNE with BERD below and above Spain based on the
randomized sample.

Total
Innovation

Expenditures
[1-7]

Expenditure
on Internal

R&D
[1]

Expenditure
on External

R&D
[2]

Non-R&D
Innovation

Expenditures
[3 - 7]

Expenditure
on External
Domestic

R&D
[2.1]

Expenditure
on External

Foreign
R&D
[2.2]

Expenditure
on External

Foreign R&D
by the Same

Business
Group
[2.2.1]

Expenditure
on External

Foreign R&D
by other

Private Firms
[2.2.2]

Expenditure on
External Foreign
R&D by Non-
private Firms
[2.2.3 - 2.2.6]

Year of acquisition -0.123** -0.622*** 0.924** -0.256 0.362 0.594** 0.414* 0.268 -0.082**
(0.047) (0.215) (0.339) (0.555) (0.401) (0.277) (0.207) (0.190) (0.034)

One year after acquisition -0.071 -0.559** 0.165 -0.599 -0.429 0.777 0.315 0.479** -0.109**
(0.066) (0.256) (0.282) (0.698) (0.398) (0.467) (0.394) (0.216) (0.048)

Acquisition year 0.221 0.119 -0.768 1.903 -0.072 -0.528 -0.500 -0.302 -0.104
* non-frontier (0.284) (0.262) (1.101) (1.152) (0.965) (0.747) (0.314) (0.484) (0.091)

One year after acquisition 0.140 0.776** -0.022 1.426 0.618 -1.486** -0.899** -1.573** 0.616
* non-frontier (0.156) (0.302) (0.282) (1.517) (0.412) (0.704) (0.412) (0.616) (1.038)

Main control variables
Relative -0.241 -0.294 -0.687 0.960 -1.634 -1.010 0.795 -1.724 -0.430***
corporate tax (0.423) (0.890) (1.251) (1.989) (1.249) (1.456) (0.894) (1.142) (0.115)
Size 0.477*** 0.581* 0.794 1.857*** 0.487 0.679 -0.225 0.534 0.171

(0.113) (0.320) (0.671) (0.271) (0.603) (0.440) (0.185) (0.313) (0.192)
Export 0.096 -0.045 -0.478 -0.791 -0.141 -0.213 -0.046 -0.233 0.106*

(0.066) (0.266) (0.506) (0.700) (0.552) (0.306) (0.065) (0.228) (0.053)
Constant 10.686*** 6.509*** 1.762 -3.668 2.826 0.039 1.392 0.524 -0.387

(0.621) (1.389) (2.905) (2.787) (2.742) (2.158) (1.315) (1.466) (0.938)
Observations 1,248 1,248 1,248 1,052 1,248 1,248 1,248 1,248 1,248
R-squared 0.057 0.154 0.012 0.078 0.010 0.022 0.018 0.014 0.011
Number of id 283 283 283 283 283 283 283 283 283

Note: OLS estimates. Estimated standard errors are clustered at the country level and shown in parenthesis. Countries with BERD (business and enterprise R&D expenditures) as percentage of GDP
above include: Ireland, Slovenia, Netherlands, UK, Canada, Belgium, France, Luxembourg, Hong-Kong, Austria, Denmark, Germany, USA, Switzerland, Finland, Japan, Sweden and Israel.
Countries below include: India, Mexico, Portugal, Brazil, and Italy (Source: OECD). All regressions include firm-fixed effects, sector, region, and year dummies. * Significant at 10%;** Significant
at 5%; *** significant at 1%.
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Table 8: DID estimates of the effect of acquisition for different classifications of country of origin of the MNE. Estimations based on the randomized
sample.

Total
Innovation

Expenditures
[1-7]

Expenditure
on Internal

R&D

[1]

Expenditure
on External

R&D
[2]

Non-R&D
Innovation

Expenditures
[3 - 7]

Expenditure
on External
Domestic

R&D
[2.1]

Expenditure
on External

Foreign
R&D
[2.2]

Expenditure on
External

Foreign R&D
by the Same

Business Group
[2.2.1]

Expenditure
on External

Foreign R&D
by other

Private Firms
[2.2.2]

Expenditure
on External

Foreign R&D
by Non-

private Firms
[2.2.3 - 2.2.6]

A: Classification of country of origin of the MNE: Below and above Spain in terms of BERD as percentage of GDPa)

Year of acquisition -0.123** -0.622*** 0.924** -0.256 0.362 0.594** 0.414* 0.268 -0.082**
(0.047) (0.215) (0.339) (0.555) (0.401) (0.277) (0.207) (0.190) (0.034)

One year after acquisition -0.071 -0.559** 0.165 -0.599 -0.429 0.777 0.315 0.479** -0.109**
(0.066) (0.256) (0.282) (0.698) (0.398) (0.467) (0.394) (0.216) (0.048)

Acquisition year 0.221 0.119 -0.768 1.903 -0.072 -0.528 -0.500 -0.302 -0.104
* below (0.284) (0.262) (1.101) (1.152) (0.965) (0.747) (0.314) (0.484) (0.091)

One year after acquisition 0.140 0.776** -0.022 1.426 0.618 -1.486** -0.899** -1.573** 0.616
* below (0.156) (0.302) (0.282) (1.517) (0.412) (0.704) (0.412) (0.616) (1.038)

B: Classification of country of origin of the MNE: Technological leaders and non-leaders (Source European Commission)b)

Year of acquisition -0.109*** -0.799*** 0.634* 0.301 -0.112 0.533 0.503* 0.063 -0.098**
(0.032) (0.210) (0.341) (0.520) (0.269) (0.339) (0.287) (0.201) (0.044)

One year after acquisition -0.091 -0.682*** -0.025 0.026 -0.871* 1.027* 0.783** 0.296 -0.137**
(0.099) (0.234) (0.382) (0.478) (0.467) (0.542) (0.308) (0.258) (0.061)

Acquisition year 0.049 0.431 0.360 -0.558 1.011 -0.058 -0.376 0.339 -0.002
* non-leaders (0.117) (0.329) (0.753) (0.957) (0.773) (0.498) (0.358) (0.362) (0.067)

One year after acquisition 0.091 0.515 0.390 -0.861 1.152 -1.017 -1.301** -0.106 0.254

* non-leaders (0.116) (0.465) (0.603) (1.085) (0.779) (0.818) (0.541) (0.496) (0.305)



41

Table 8 continues

Total
Innovation

Expenditures
[1-7]

Expenditure
on Internal

R&D

[1]

Expenditure
on External

R&D
[2]

Non-R&D
Innovation

Expenditures
[3 - 7]

Expenditure
on External
Domestic

R&D
[2.1]

Expenditure
on External

Foreign
R&D
[2.2]

Expenditure on
External

Foreign R&D
by the Same

Business Group
[2.2.1]

Expenditure
on External

Foreign R&D
by other

Private Firms
[2.2.2]

Expenditure
on External

Foreign R&D
by Non-

private Firms
[2.2.3 - 2.2.6]

C: Classification of country of origin of the MNE: Top 10 and non-top 10 in terms of BERD as percentage of GDPc)

Year of acquisition -0.151** -0.937*** 0.714* -0.153 -0.094 0.592 0.586* 0.032 -0.102*

(0.064) (0.153) (0.359) (0.447) (0.309) (0.363) (0.310) (0.242) (0.051)

One year after acquisition -0.171 -0.878*** -0.018 -0.096 -0.901 1.210** 0.922*** 0.339 -0.151**

(0.126) (0.150) (0.443) (0.634) (0.539) (0.554) (0.284) (0.290) (0.067)

Acquisition year 0.120 0.623** 0.157 0.369 0.827 -0.163 -0.478 0.342 0.006

* non-top 10 (0.112) (0.269) (0.694) (0.895) (0.717) (0.476) (0.365) (0.345) (0.065)

One year after acquisition 0.225 0.802** 0.320 -0.504 1.039 -1.205 -1.366** -0.169 0.242
* non- top 10 (0.136) (0.371) (0.601) (1.040) (0.757) (0.762) (0.486) (0.456) (0.258)

D: Classification of country of origin of the MNE: JUG (Japan, USA and Germany) and non-JUGd)

Year of acquisition -0.114** -1.115*** 1.090*** 0.063 0.122 0.929*** 0.704* 0.261* -0.116*
(0.044) (0.106) (0.156) (0.537) (0.290) (0.253) (0.354) (0.140) (0.056)

One year after acquisition -0.065 -1.018*** 0.394*** 0.627 -0.663 1.638*** 1.112*** 0.583*** -0.166**
(0.096) (0.147) (0.128) (0.540) (0.524) (0.486) (0.283) (0.207) (0.076)

Acquisition year 0.044 0.835*** -0.474 -0.030 0.372 -0.692* -0.611 -0.072 0.029
* non-JUG (0.094) (0.221) (0.560) (0.865) (0.660) (0.392) (0.395) (0.287) (0.066)

One year after acquisition 0.027 0.928*** -0.384 -1.610* 0.524 -1.748** -1.506*** -0.545 0.236
* non-JUG (0.121) (0.328) (0.449) (0.882) (0.747) (0.661) (0.448) (0.378) (0.232)

Remaining controls are the same as in Table 7

Note: OLS estimates. Estimated standard errors are clustered at the country level and shown in parenthesis. a) Countries above Spain include: Ireland, Slovenia, Netherlands, UK, Canada, Belgium,
France, Luxembourg, Hong-Kong, Austria, Denmark, Germany, USA, Switzerland, Finland, Japan, Sweden and Israel. Countries below Spain include: India, Mexico, Portugal, Brazil, and Italy; b)
Technological leaders are: Germany, Denmark, Switzerland, Finland, Sweden, UK+ USA, Japan and Israel. Technological non-leaders are: Hong-Kong, Austria, India, Mexico, Portugal, Brazil,
Italy, Ireland, Slovenia, Netherlands, Canada, Belgium, France, and Luxembourg; c) Top-ten are: Hong-Kong, Austria, Denmark, Germany, USA, Switzerland, Finland, Japan, Sweden, Israel. Non-
top 10 are : India, Mexico, Portugal, Brazil, Italy, Ireland, Slovenia, Netherlands, UK, Canada, Belgium, France, and Luxembourg; d) JUG countries are Japan, USA and Germany. Non-JUG are:
Hong-Kong, Austria, Denmark, Switzerland, Finland, Sweden, Israel, India, Mexico, Portugal, Brazil, Italy, Ireland, Slovenia, Netherlands, UK, Canada, Belgium, France, and Luxembourg All
regressions include the same controls as in Table 7, and firm-fixed effects, sector, region, and year dummies. * Significant at 10%;** Significant at 5%; *** significant at 1%.
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Table 9: DID estimates of the effect of acquisition for different classifications of country of origin of the MNE. Estimations based on the randomized
sample. Robustness test. Estimations with R&D subsidies as an additional control.

Total
Innovation

Expenditures
[1-7]

Expenditure
on Internal

R&D

[1]

Expenditure
on External

R&D
[2]

Non-R&D
Innovation

Expenditures
[3 - 7]

Expenditure
on External
Domestic

R&D
[2.1]

Expenditure
on External

Foreign
R&D
[2.2]

Expenditure on
External Foreign

R&D by the
Same

Business Group
[2.2.1]

Expenditure
on External

Foreign R&D
by other

Private Firms
[2.2.2]

Expenditure
on External

Foreign R&D
by Non-

private Firms
[2.2.3 - 2.2.6]

A: Classification of country of origin of the MNE: Below and above Spain in terms of BERD as percentage of GDPa)

Year of acquisition -0.135** -0.624*** 0.972** -0.326 0.464 0.550** 0.259 0.369* -0.039*

(0.049) (0.215) (0.364) (0.575) (0.412) (0.243) (0.159) (0.210) (0.022)

One year after acquisition -0.080 -0.562** 0.202 -0.651 -0.349 0.744* 0.196 0.558** -0.077**

(0.066) (0.257) (0.302) (0.691) (0.411) (0.431) (0.346) (0.225) (0.034)

Acquisition year 0.211 0.166 -0.815 1.743 -0.139 -0.490 -0.389 -0.397 -0.158

* below (0.301) (0.274) (1.230) (1.098) (1.041) (0.835) (0.371) (0.503) (0.110)

One year after acquisition 0.001 0.807** 0.064 0.407 0.782* -1.672** -1.159** -1.704* 0.753

* below (0.108) (0.296) (0.288) (0.837) (0.409) (0.759) (0.413) (0.831) (1.267)

R&D subsidies -0.212 -0.011 0.926 -1.537 2.014 -0.853 -3.029** 1.993** 0.852**
(0.232) (0.343) (1.997) (1.459) (1.350) (1.446) (1.220) (0.856) (0.384)

B: Classification of country of origin of the MNE: Technological leaders and non-leaders (Source European Commission)b)

Year of acquisition -0.124*** -0.813*** 0.689* 0.214 0.012 0.476 0.292 0.208 -0.041

(0.039) (0.224) (0.392) (0.576) (0.348) (0.282) (0.223) (0.217) (0.031)

One year after acquisition -0.103 -0.694*** 0.018 -0.040 -0.777 0.986* 0.626** 0.404 -0.096*

(0.099) (0.233) (0.417) (0.496) (0.507) (0.484) (0.234) (0.272) (0.046)

Acquisition year 0.048 0.465 0.341 -0.621 0.935 0.005 -0.196 0.229 -0.053

* non-leaders (0.124) (0.349) (0.813) (0.987) (0.823) (0.495) (0.329) (0.364) (0.081)

One year after acquisition 0.055 0.510 0.398 -1.189 1.143 -1.007 -1.276** -0.143 0.245

* non-leaders (0.115) (0.483) (0.637) (0.999) (0.819) (0.823) (0.516) (0.502) (0.316)

R&D subsidies -0.199 -0.158 0.750 -1.348 1.723 -0.788 -2.940** 2.014** 0.793**

(0.240) (0.411) (1.995) (1.497) (1.364) (1.428) (1.196) (0.854) (0.368)
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Table 9 continues

Total
Innovation

Expenditures
[1-7]

Expenditure
on Internal

R&D

[1]

Expenditure
on External

R&D
[2]

Non-R&D
Innovation

Expenditures
[3 - 7]

Expenditure
on External
Domestic

R&D
[2.1]

Expenditure
on External

Foreign
R&D
[2.2]

Expenditure on
External Foreign

R&D by the
Same

Business Group
[2.2.1]

Expenditure
on External

Foreign R&D
by other

Private Firms
[2.2.2]

Expenditure
on External

Foreign R&D
by Non-

private Firms
[2.2.3 - 2.2.6]

C: Classification of country of origin of the MNE: Top 10 and non-top 10 in terms of BERD as percentage of GDPc)

Year of acquisition -0.171** -0.962*** 0.779* -0.268 0.045 0.536 0.354 0.200 -0.038

(0.067) (0.175) (0.433) (0.478) (0.402) (0.318) (0.253) (0.259) (0.040)

One year after acquisition -0.189 -0.901*** 0.040 -0.201 -0.779 1.163** 0.720*** 0.485 -0.096*

(0.121) (0.141) (0.485) (0.669) (0.597) (0.500) (0.232) (0.296) (0.053)

Acquisition year 0.127 0.664** 0.121 0.371 0.726 -0.104 -0.278 0.208 -0.051

* non-top 10 (0.119) (0.290) (0.770) (0.912) (0.783) (0.477) (0.335) (0.347) (0.076)

One year after acquisition 0.206 0.813** 0.296 -0.707 0.968 -1.176 -1.247** -0.271 0.207

* non- top 10 (0.131) (0.379) (0.638) (1.003) (0.807) (0.747) (0.477) (0.447) (0.261)

R&D subsidies -0.236 -0.276 0.777 -1.484 1.689 -0.673 -2.824** 2.036** 0.779**
(0.240) (0.402) (2.029) (1.495) (1.402) (1.434) (1.199) (0.856) (0.359)

D: Classification of country of origin of the MNE: JUG (Japan, USA and Germany) and non-JUGd)

Year of acquisition -0.134** -1.153*** 1.188*** -0.057 0.298 0.885*** 0.440 0.470** -0.043
(0.052) (0.138) (0.263) (0.571) (0.372) (0.205) (0.300) (0.168) (0.044)

One year after acquisition -0.083 -1.051*** 0.477** 0.522 -0.514 1.601*** 0.890*** 0.760*** -0.104
(0.088) (0.128) (0.192) (0.615) (0.574) (0.429) (0.234) (0.207) (0.061)

Acquisition year 0.051 0.886*** -0.551 -0.013 0.228 -0.649 -0.380 -0.252 -0.037

* non-JUG (0.102) (0.244) (0.630) (0.885) (0.718) (0.386) (0.364) (0.275) (0.076)

One year after acquisition 0.009 0.946*** -0.441 -1.790* 0.419 -1.729** -1.363*** -0.677* 0.194

* non-JUG (0.116) (0.328) (0.476) (0.888) (0.790) (0.635) (0.440) (0.354) (0.231)

R&D subsidies -0.203 -0.376 1.021 -1.309 1.845 -0.461 -2.767** 2.195** 0.776**
(0.235) (0.416) (2.049) (1.536) (1.416) (1.432) (1.188) (0.864) (0.357)

Note: See note in Table 8. All regressions include the same controls as in Table 7, and firm-fixed effects, sector, region, and year dummies. * Significant at 10%;** Significant at 5%; *** significant
at 1%.


