
R&D offshoring: What determines the choice between FDI 
and international outsourcing? 

 
 

 
Carmen Fillat Castejóna,b and María García-Vegac,d * 

 
aDpto. de Estructura, Historia Económica y Economía Pública. Universidad de Zaragoza 50005 

Zaragoza, Spain 
bGroup of Research in Foreign Sector and Monetary Integration (SEIM) 

 
cDpto. de Fundamentos del Análisis Económico I. Universidad Complutense. Campus de Somosaguas. 

28223 Madrid. Spain 
dGRIPICO (Group for Research in Productivity, Innovation, and Competition) 

 
 

Preliminary and incomplete version, 8 August 2009 
 

 

Abstract 
 

We empirically analyse the determinants of firms’ choices between offshore R&D 

through companies that belong to the same business group (FDI), through external 

providers (international outsourcing), or through both sources (bi-sourcing). We use a 

newly available firm-level panel data set, which provides unique information on firms’ 

R&D imports by type of provider. We find that very R&D intensive companies offshore 

R&D through FDI. We also show that there is a complementarity between patents and 

international outsourcing. Our results suggest that the reason to import R&D through 

FDI channels is to avoid the vulnerability to technology leakage.  
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1. Introduction 

When a firm imports intermediate goods it has to decide whether to offshore 

through external providers (international outsourcing) or within the boundaries of the 

firm1. The firm’s organizational choices are especially important for the imports of 

high-tech goods. R&D international outsourcing can provide a highly qualified labour 

force. However, it can be a risky strategy if the firm loses core competencies and if 

there is a threat of imitation (Baccara, 2007, Lai et al. 2009). In this paper, we 

empirically study the determinants of a firm’s choice of R&D offshoring providers. In 

particular, we study the relationship between a firm’s R&D intensity, patent protection 

and its choice of importing R&D either through international outsourcing or through 

companies that belong to the same business group. 

Recent theoretical literature has highlighted that the threat of imitation and the 

protection of intellectual property rights are fundamental determinants for a firm’s 

choice between outsourcing their imports or producing them in a subsidiary located in a 

foreign country (Antràs and Helpman, 2004, Contractor, 1984, Chen et al., 2008, 

Grossman and Helpman, 2002, 2003, and Grossman et al., 2005). The reason is that 

imports through Foreign Direct Investment (FDI) channels can avoid the vulnerability 

to potential technology leakage. Vertical integration can be a strategy of protection in 

the context of incomplete contracts, and specially when there is complementary between 

intermediate inputs (Antràs, 2005 and Chen et al., 2008) As a consequence, these 

                                                 
1 For example chemical companies outsource abroad routine drug development and clinical tests. In 
contrast, other firms bind companies and their suppliers together. This is the case of Wal-Mart, eBay or 
General Motors that concentrate their in-house research on incremental innovations while searching for 
radical innovations by buying start-up companies or importing through their foreign subsidiaries (R&D 
Magazine, 2007, The Economist, 2007, The Economist Intelligent Unit, 2007, Thursby and Thursby, 
2006). 
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models predict that FDI is more likely than outsourcing in knowledge intensive firms 

when the risk of imitation is high2. 

A related strand of the literature states that FDI can also induce some imitation 

(e.g. Criscuolo et al., 2002 and Glass and Saggi, 2002, 2008), and that outsourcing of 

high-tech activities can generate high profit surpluses which overstate its costs (Lo, 

2007). As a consequence, there can be a positive relationship between outsourcing and a 

firm’s R&D intensity. 

Some previous studies have empirically analysed determinants of vertical 

integration within a country (Acemoglu et al., 2004, and Lileeva and Biesebroeck, 

2007). An important message from this literature is that the patterns of vertical 

integration are consistent with the incomplete contract theories of the firm. The main 

difference between our paper and existing work is that we empirically investigate firms’ 

offshoring decisions. We use a panel dataset of Spanish innovative firms. This dataset 

provides unique and exhaustive information about firms’ providers of R&D imports. 

We can observe the choice between outsourcing and FDI at the firm level. It allows us 

for the first time to investigate empirically some predictions of the related theoretical 

literature on the organization of the production abroad. We offer evidence that vertical 

integration is more likely than international outsourcing in firms with a high ratio of 

technological capital to physical capital, high product innovativeness, and relatively low 

patent protection. These results suggest that the reason to import R&D through FDI 

channels is to avoid the vulnerability to technology leakage.. 

Our article also makes a contribution to the literature that analyses the 

characteristics of firms that outsource (Mol, 2005, Tomiura, 2007), to the literature on 

“make-or-buy decisions” such as Arya et al. (2008), Lewis Sappington (1991), or 
                                                 
2 The articles of Bascavusoglu and Zuñiga, 2003, Branstetter et al., 2006 and Branstetter et al., 2007 
highlight that a better protection of intellectual property rights can decrease imitation and consequently 
increase FDI. 
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Veugelers (1999), and to the recent theoretical literature on bi-sourcing, i.e., adopting 

internal and external sourcing simultaneously (Antràs and Helpman, 2004, Du et al., 

2006, 2009).  

The paper is organized as follows. Section 2 presents the dataset and some 

descriptive statistics. Section 3 displays the econometric model and results. A summary 

closes the paper. 

 

2. The data and some descriptive regularities 

 Our dataset comes from a survey of innovating Spanish firms (Panel de 

Innovación Tecnológica, PITEC)3 for the years 2004, 2005, 2006, and 2007. In the 

survey, each company provides information on some of its economic data, such as sales 

or number of employees. The firm also answers several questions about its innovating 

activities. This dataset provide a good testing case for our research questions because it 

gives unique information about a firm’s R&D imports distinguishing by type of 

provider. We consider only firms that operate in the manufacturing sector. We exclude 

subsidiaries due to their little decision competences (Birkinshaw et al., 1998). We have 

information for a panel of approximately 5,000 firms every year.  

 The main interest of our analysis consists of analysing determinants that influence 

a firm’s choice between offshore R&D through its group and/or through an external 

provider. The main variable of our paper is a firm’s R&D imports. We distinguish by 

type of foreign provider. We call only FDI to the R&D imports from a company or plant 

that belongs to the same business group, only international outsourcing to the R&D 

imports from external providers, and bi-sourcing to the R&D imports from both types 

of providers. In the panel 25 companies offshore R&D through only FDI, 565 through 

                                                 
3 The Spanish National Institute of Statistics constructs this database on the basis of the annual Spanish 
responses to the Community Innovation Survey (CIS). 
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only international outsourcing, and 12 through bi-sourcing. Table 1 presents summary 

statistics and spearman correlations of the R&D variables. For firms that offshore R&D, 

the largest part of the R&D activities is imported, mostly through only FDI and bi-

sourcing channels. Approximately 3.5% of the total R&D is internal R&D, i.e. 

produced inside of the plant. Spearman correlations between internal R&D and R&D 

offshoring show that companies that offshore more also spend more in internal R&D.  

 Following arguments of the literature, we expect that knowledge intensive and 

very innovative firms tend to offshore through companies belonging to the same 

business group instead of through outsourcing because these firms are more vulnerable 

to technology leakage. We also expect that companies that if companies decide to 

outsource then they protect their technology with patents in order to control their 

innovations. We construct some measures of technology intensity, product 

innovativeness, and patent protection.  

 We construct two measures of technology intensity. We call to our first measure 

R&D intensity. This variable is the firm’s logarithm of internal R&D expenditures over 

accumulated physical investment4. The second technological variable that we use in our 

analysis is the logarithm of R&D over value added at the sector level5.  

 We show in Figure 1 the average of the different types of R&D expenditures over 

accumulated physical investments by type of provider. On average companies with only 

FDI are 14 times more R&D intensive than companies with only international 

outsourcing. This striking observation supports the idea that very intense R&D 

companies offshore R&D within the group. In order to get a first approximation of the 

extent of this relationship, in Figure 2, we plot the mean of the different R&D 

                                                 
4 Our measure of accumulated physical investment is the accumulated fixed gross physical investments. 
The R&D intensity variable is a knowledge-capital ratio in line with the theoretical model of Chen et al. 
(2008). 
5 This variable is constructed with data from the STAN database for structural analysis (OECD). 
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offshoring expenditures by quartiles of firm’s R&D intensity. The volume of R&D 

offshoring through only FDI is larger than through only international outsourcing. For 

companies with only FDI, we can that the expenditure volume is concentrated in the 

second and fourth quartile, which suggest a non-linearity between R&D intensity and 

offshoring expenditures.   

 The data base also provides information about a firm’s product innovativeness. 

We construct three product innovations measures. The first variable is called new 

products. This is a dummy variable that takes the value one if the company has 

introduced products that are new for the market. Given that companies that import high-

tech goods are typically in high-tech sectors, we construct our second product 

innovation variable distinguishing between a firm’s innovativeness and its sector 

average in the following way6. The company reports the percentage of its sales that 

come from products that are already known in the market. We call to these products no-

new products. We construct a dummy variable that takes the value one if the company 

has a larger percentage of sales coming from no-new products than the average firm of 

its sector. We call to this variable more no-new products than sector average. This is 

our second product innovation variable. If the variable takes the value one, it means that 

the company is less innovative than the average of its sector. Our third measure of 

product innovation is the percentage over sales of no-new products at the sector level.  

 Our measure of a firm’s innovation protection is the number of patents granted 

in the European Patent Office (EPO patents)7. We call to this variable EPO patents. We 

expect that companies that protect themselves from potential imitators tend to rely more 

on external providers than companies that offshore within the group. 

                                                 
6 See Table 3 for the distribution of offshoring firms by industry. 
7 We use EPO patents instead of Spanish patents as a way to control by the quality of the innovation. The 
reason is that companies tend to patent their relevant innovations in the European patent office instead of 
their countries’ patent office.  
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 Table 2 presents the summary statistics of the main variables used in our 

empirical analysis. Firms with R&D offshoring have more employees, are more R&D 

intensive, and are more innovative than those without offshoring. On average 

companies with international outsourcing have more physical investments, are less 

R&D intensive, and patent more than firms with only FDI. Firms with bi-sourcing are 

the largest in the sample both in terms of number of employees and physical 

investments.  

In Table 3 we disaggregate firms by industry. The chemical and pharmaceutical 

industries are the sectors with the highest percentage of companies with only 

international outsourcing and bi-sourcing. The rubber and plastic industry have the 

largest concentration of companies with only FDI offshoring. These results show that 

R&D offshoring decisions differ across sectors.  

In Table 4 we report summary statistics after controlling by the company’s size 

and/or industry. In order to do that, we follow a similar procedure than in Tomiura 

(2007). In columns (i) to (iii), we control by firm’s size. We sort the firms by firm size 

and allocate them into 5 size bins. We calculate the deviations from the firm without 

R&D offshoring after subtracting the average of each bin. In order to control by 

industry and size, we construct 5 industry bins classified by quintiles of R&D over 

value added. We assigned each firm into the 5 size bins and 5 industry bins. Columns 

(iv) to (vi) report the deviation from the firm without R&D offshoring after subtracting 

the average of each bin. The results from Table 4 confirm that companies that offshore 

through only FDI are more R&D intensive, more innovative, and tend to patent less 

than companies with only international outsourcing. In summary, the descriptive 

analysis supports the idea that intense R&D companies prefer offshoring within the 

group instead of international outsourcing, and that companies exposed to foreign 
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providers tend to protect themselves with patents. In the next section, we test these 

predictions econometrically by controlling for potential covariates. 

 
3. Econometric specification and results 

 We now turn to examining the relationship between a firm’s technology 

intensity, patent protection and a firm’s choice of offshoring R&D either through 

international outsourcing or through FDI. First, we analyse the probability of the 

different R&D offshoring strategies. Secondly, we study the intensity of each offshoring 

alternative. 

 
3.1. Determinants of the probability of the different offshoring modes 

 Our interest consists in comparing the influence of a firm’s technological and 

patent characteristics on its choice of offshoring either through FDI or through 

international outsourcing. We simultaneously estimate three equations by maximum 

likelihood following a multinomial probit model (e.g., Greene, 2002, Chapter 21). We 

consider the offshoring decisions: only international outsourcing, bi-sourcing, and not 

to offshore. We take as the base case companies with only FDI for comparison reasons. 

We drop company and year indexes to simplify the notation.  

 

 1   if    * ' ' 0,   and   0  otherwise, i i i i i iy y x z yγ β ε= = + + > =    (1) 

with  , , ;    i out bi none= [ ] [ ]0,    Var 1,    Cov[ , ] .i i i jE ε ε ε ε ρ= = =  

The subindex out denotes firms with only international outsourcing, bi denotes bi-

sourcers, and none denotes firms without imports of R&D. The vector x denotes 

variables of various forms of R&D technology, product innovativeness, and patent 

protection explained in the previous section, z is a vector of control variables, γ  and β  

are vectors of coefficients. We use as controls the size of the firm measured as the 
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logarithm of the number of employees, a dummy variable that takes the value one if the 

company is an exporter, industry and year dummies. 

Table 5 presents the determinants of the probability of the different offshoring 

strategies, comparing them with respect to the probability of offshoring through only 

FDI. Our results show that firms engaged in any strategy show a lower R&D to physical 

investment ratio than firms that offshore through only FDI; in other words, having a 

higher R&D intensity increases the probability of importing technology through vertical 

integration instead of through other type of provider. This empirical relationship is 

consistent with the theoretical models based on incomplete contract theory of the firm. 

Very R&D intensive companies prefer to produce R&D in their foreign subsidiaries 

instead of importing it from foreign providers.  

Companies with high product innovativeness tend also to choose FDI instead of 

international outsourcing for their technology imports. Firms with more no-new 

products than the sector average decide to import R&D within its own organization 

and, some of them, decide to bi-source. However, being a producer of new products for 

the market is significant only in the decision between bi-sourcing against within group 

offshoring. Product innovative firms are leaders of their markets. These firms seem to 

adopt technology through two channels at the same time. Furthermore, companies that 

belong to an industry with higher percentage of no-new products do not tend to offshore 

more than other firms.   

Companies with more accumulated EPO patents tend to import technology only 

through international outsourcing instead of through FDI. This result suggests that, in a 

context of incomplete contracts, the protection of intellectual property helps to guaranty 

transactions of technology between different firms. On the contrary, a lesser patent 

protection can make firms prefer vertical integration instead of outsourcing. 
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The ratio of R&D to value added at the sector level is significant only when we 

compare the option of not to offshore against FDI. Our results show that firms in high-

tech industries decide offshoring, but only the firm technological intensity influences 

the decision between different providers.  

To sum up, we have confirmed that R&D intensive decide to import technology 

through vertical integration, while firms with a large number of patents tend to 

outsource abroad. In order to analyse whether there are some no-linearities in these 

relationships, we calculate the evolution of the marginal effects from the multinomial 

probit model of Table 5 for the independent variables R&D intensity and EPO patents. 

Now, the reference group is “firms without R&D offshoring”. We show in Figure 3 the 

relationship between R&D intensity and the increase in the probability (with respect to 

not to offshore) to either offshore through only FDI or through only international 

outsourcing as the firm’s R&D intensity increases. The variable R&D intensity at the 

firm level is evaluated from its minimum to its maximum value increasing one standard 

deviation at the time. All the other variables are evaluated at their means except 

dummies variables which are evaluated at zero. Figure 3 shows that firms with low 

R&D intensity have low probability to offshore either through FDI or through 

international outsourcing (approximately this probability is 0% for FDI, and 0.5% for 

international outsourcing). As the firm’s R&D intensity increases both type of 

offshoring increases (up to 0.5% for FDI, and 1.5% for international outsorcing). For 

low levels of R&D intensity it is more likely to use external providers than FDI 

channels. However, this pattern changes for high R&D intensive firms. In this case, the 

probability to offshore through FDI is more than 2 percentage points higher than the 

probability to offshore through international outsourcing (approximately 2% for 

international outsourcing and 4% for FDI). This result shows a non-linear relationship 
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between R&D intensity and offshoring decisions, and that there is a R&D threshold in 

order to import technology through FDI channels.  

In Figure 4, we report the influence of a firm’s EPO patents on the probability to 

offshore R&D through only FDI, only international outsourcing, and bi-sourcing. We 

calculate marginal effects in the same way as in Figure 3. Figure 4 shows that patents 

are linear and positively related with the decision to offshore through international 

outsourcing. As patents increase, the probability to outsource always increases more 

than the probability to any other offshoring strategy. Company with many patents are up 

to 9% more likely to outsource abroad than firms without patents. The previous 

estimations have the limitation that we cannot distinguish whether the impacts of R&D 

intensity and patent protection affect also the amount of the different offshoring modes. 

In the following section we address this issue by estimating the determinants of the 

intensity of the offshoring expenditures. 

 

3.2. Determinants of the intensity of the different offshoring strategies 

 Now, we turn to analyze the determinants of the expenditure in each offshoring 

alternative by a Heckman’s two step analysis. We simultaneously estimate two 

equations by maximum likelihood. The first one describes a firm’s decision to offshore 

R&D (selection equation). The second equation refers to the intensity of the 

expenditure. The selection equation is given by: 

 

 1   if    * ' ' 0,   and   0  otherwise, y y x z yγ β ε= = + + > =    (2) 

 
 The intensity equation, conditional on the firm reporting R&D offshoring, is 

expressed as in the following specification: 
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' ' if
0 if

x z e y
r

y
φ δ+ + =⎧

= ⎨
1
0.=⎩

     (3) 

 
 In equation (3), y  is the observed binary endogenous variable equal to one if a 

given firm reports R&D offshoring, and zero for non-reporters. The vectors x and z 

reflects factors that influence the offshoring decision, which we consider are the same 

than in the previous section. In equation (3), the variable r stands for offshoring 

expenditures, and the vectors x  and z  represent its determinants. We denote the error 

terms as  and e ε , and we assume that they are distributed as a normal bivariate with 

zero mean, variances  and 2 1εσ = 2σ e , and correlation coefficient ερe . Our independent 

variables are the measures of R&D intensity at the firm and industry level explained in 

the previous section, the dummy variable that takes the value one if the company has 

more no-new products than sector average, and the accumulated EPO patents.   

 In Table 6 we report the two-step Heckman model. In the first part of Table 6 we 

show the selection equation and in the bottom part the intensity equation. In column (i) 

the selection criterion is to offshore through only international outsourcing and the 

intensity equation explains the expenditures of this strategy. Column (ii) shows the 

decision to offshore through FDI, and the intensity equation the expenditures of this 

strategy. Finally in column (iii) the selection criterion is to offshore, and the intensity 

equation explains the ratio of international outsourcing’s expenditures over FDI’s 

expenditures.  

Columns (i) and (ii) show determinants of decisions and intensity for offshoring 

through international outsourcing and FDI respectively. R&D intensity influences 

positively both decisions. Companies with less innovative products (measured as having 

more no-new products than the sector average) and more patents tend to import through 

international outsourcing. Our results also indicate that the intensity of the offshoring 
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expenditures depends on firm’s R&D intensity only for FDI. The expenditures of 

international outsourcing increase as firms accumulate EPO patents. Finally, in column 

(iii), we compare both channels. As R&D intensity increases, the average firm tend to 

increase their expenditures in FDI relatively more than in international outsourcing. Our 

results confirm that high knowledge intensive companies tend to produce and import 

their R&D inputs within the boundaries of the firm. The more intensively R&D is the 

company, the more it tends to expend in offshoring through FDI, which suggest that 

there is a complementarily between producing R&D in the company domestically and 

abroad.   

 

4. Summary 

In this paper we have analyzed a firm’s choice of R&D offshoring through 

international outsourcing, vertical integration (FDI), or bi-sourcing. We have also 

studied the determinants of the allocation of expenditures for these alternatives. Our 

results show that the way how companies organize their R&D abroad is determined by 

the firm’s ratio of knowledge to physical capital. Companies more R&D intensive and 

more innovative decide to offshore technology within the firm against outsourcing, or 

bi-sourcing. This empirical result provides support to the recent theoretical literature on 

the firm’s organization of offshoring (Antràs, 2005, Chen et al., 2008, Grossman and 

Helpman, 2002). The firm’s decision to choose its R&D offshoring composition is 

consistent with the property right theory of the firm. In our case, the threat of 

technological leakage seems to influence a firm’s choice the choice between FDI and 

international outsourcing. Furthermore, we find that companies that outsource abroad 

protect their technology against imitators with patents.  
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International R&D offshoring is becoming a growing source of international 

transfers of technological flows. Our results show that the number of firms engaged in 

offshoring strategies is not very large. However, the amount of these transactions is 

sizeable. Our results suggest that companies that offshore do not seem to substitute 

domestic R&D by imports abroad. An aspect that remains to be studied is the 

consequences of international R&D outsourcing for the domestic industry. Relative to 

public policy, we consider this to be an important issue to be analysed in future 

research.   
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FIGURES 

Figure 1: Mean expenditure of R&D over accumulated physical investments by 
externalization strategy. 
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Figure 2: Mean of R&D offshoring expenditures and number of firms by firm’s R&D 
intensity quartile. 
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Notes: The variable R&D offshoring expenditures is measured in thousand of euros. 
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Figure 3: The influence of a firm’s R&D intensity on the probability to offshore R&D 
only within the group and only outsource internationally. 
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Notes: Marginal effects are reported from the multinomial probit model of Table 5. The reference group 
is “firms without R&D offshoring”. The variable log(R&D/physical capital) is evaluated from its 
minimum to its maximum value increasing one standard deviation at the time. All the other variables are 
evaluated at their means except dummies variables which are evaluated at zero. The y-axis measures the 
increase in the probability (with respect not to offshore) to either offshore through only FDI or through 
only international outsourcing as the firm’s R&D intensity increases.  
 
 
Figure 4: The influence of a firm’s EPO patents on the probability to offshore R&D 
through only FDI, only international outsourcing, and bi-sourcing. 
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Notes: Marginal effects are reported from the multinomial probit model of Table 5. The reference group 
is “firms without R&D offshoring”. The variable log(accumulated EPO patents) is evaluated from its 
minimum to its maximum value increasing one standard deviation at the time. All the other variables are 
evaluated at their means except dummies variables which are evaluated at zero. The y-axis measures the 
increase in the probability (with respect not to offshore) to either offshore through only FDI, through 
only international outsourcing, or through bi-sourcing as the firm’s accumulated patents increase. 
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TABLES 
 
Table 1: Summary statistics of the offshoring variables and internal R&D 
 Mean Std. Dev. Spearman correlations 

Internal R&D 261084 1317734  
Only FDI 2379150 6622848 0.59*** 
Only international outsourcing 434053 3294426 0.43*** 
Bi-sourcing 4714589 1.09e+07 0.71*** 
Notes: The Spearman correlation shown is with respect to the variable “internal R&D”. The variable “internal R&D” is the R&D produced in the plant. 
 
Table 2: Summary statistics of the key variables by R&D offshoring strategy.  
 (i) Only FDI (ii) Only international outsourcing (iii) Bisourcing (iv) Without offshoring 
 Mean  Std. Dev. Mean  Std. Dev. Mean  Std. Dev. Mean  Std. Dev. 
Size (total employment) 597 704 293 677 735 1258 94 217 
Sectorial R&D/value added 0.06 0.09 0.06 0.07 0.07 0.08 0.03 0.04 
Log(sales/total employment) 12.37 0.54 12.11 0.85 12.50 0.96 10.34 3.91 
Log(internall R&D/accumulated physical investment) 8.41 4.08 6.81 2.90 6.56 1.99 4.92 3.87 
Log(accumulated physical investment) 16.50 17.78 17.62 19.25 19.00 19.98 15.10 16.77 
Number of EPO patents 0.08 0.29 0.51 1.74 9.05 12.01 0.09 0.71 
Percentage of firms having:               
  Foreign ownership 0.36 0.49 0.07 0.25 0.33 0.49 0.02 0.15 
  Exports 0.56 0.51 0.46 0.50 0.42 0.51 0.29 0.45 
  Patents 0.40 0.50 0.38 0.49 0.50 0.52 0.14 0.35 
  Product or process innovation 0.92 0.28 0.94 0.24 0.92 0.29 0.67 0.47 
  New products for the market 0.52 0.51 0.52 0.50 0.92 0.29 0.29 0.46 
  More no-new products than sector average 0.12 0.33 0.36 0.48 0.17 0.39 0.23 0.42 
Observations 25   565   12   19043   

Notes: “EPO patents” are patents granted in the European Patent Office. “Foreign ownership” refers to firms with at least 50% of foreign capital participation. “More no-
new products than sector average” refers to companies that introduce more products that are not a novelty for their market than   
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Table 3: Percentage of firms by R&D offshoring strategy and by sector.  
  % Only  % Only internat. %   Total no. R&D over 

  FDI outsourcing  Bisourcing of firms 
value 

added* 
Food products and beverages 0.005% 0.184% 0.000% 2547 1.22% 
Tobacco products 0.000% 0.000% 0.000% 15 1.22% 
Textiles 0.000% 0.143% 0.005% 1009 2.43% 
Wearing apparel, dressing and dyeing of fur 0.000% 0.031% 0.000% 335 1.58% 
Leather, leather products and footwear 0.000% 0.041% 0.000% 324 1.03% 
Wood and products of wood and cork 0.000% 0.005% 0.000% 423 0.49% 
Pulp, paper and paper products 0.000% 0.051% 0.000% 326 1.09% 
Printing and publishing 0.010% 0.061% 0.000% 481 0.27% 
Coke, refined petroleum products and nuclear fuel 0.000% 0.076% 0.005% 20 1.14% 
Chemicals excluding phamaceuticals 0.005% 0.357% 0.015% 1824 3.55% 
Pharmaceuticals 0.015% 0.362% 0.015% 372 20.33% 
Rubber and plastics products 0.020% 0.112% 0.015% 1103 2.05% 
Other non-metallic mineral products 0.000% 0.143% 0.000% 1097 1.04% 
Iron and steel 0.010% 0.082% 0.000% 251 0.95% 
Non-ferrous metals 0.000% 0.041% 0.000% 186 1.31% 
Fabricated metal products 0.015% 0.194% 0.000% 2085 1.10% 
Machinery and equipment 0.010% 0.316% 0.000% 2867 2.39% 
Office, accounting and computing machinery 0.000% 0.010% 0.000% 96 7.92% 
Electrical machinery and apparatus 0.010% 0.209% 0.005% 849 5.53% 
Electrical and optical equipment 0.000% 0.051% 0.000% 239 17.88% 
Radio, television and communication equipment 0.000% 0.051% 0.000% 346 17.88% 
Medical, precision and optical instruments 0.000% 0.133% 0.000% 865 8.58% 
Motor vehicles, trailers and semi-trailers 0.015% 0.056% 0.000% 566 3.40% 
Building and repairing of ships and boats 0.000% 0.031% 0.000% 168 6.46% 
Aircraft and spacecraft 0.005% 0.015% 0.000% 54 36.47% 
Railroad equipment and transport equipment 0.005% 0.036% 0.000% 90 6.50% 
Other manufacturing 0.000% 0.092% 0.000% 1076 1.17% 

 
Notes: The percentage number of firms refers to the total number of firms.  
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Table 4: Differences with respect to a firm without R&D offshoring controlling by size 
and industry. 
 
 Controlling by size Controlling by size and industry
 (i) (ii) (iii) (iv) (v) (vi) 
 Only FDI Only internat Bisourcing Only FDI Only internat Bisourcing 

   outsourcing    outsourcing   

Size (total employment) 78 47 181 107 48.7 201.5 

Sectorial R&D/value added 0.029 0.026 0.042 0.008 0.003 0.009 

log(sales/total employment) 0.35 0.25 0.49 0.41 0.27 0.56 

Log(internal  R&D/accumulated physical investm.) 3.64 1.99 1.78 2.96 1.48 0.78 

Log(accumulated physical investment) 0.37 0.43 0.70 -2.41 -0.52 0.43 

EPO patents -0.19 0.33 9.10 -0.29 0.28 9.02 

Percentage of firms having:            
  Foreign ownership 0.29 0.02 0.26 0.26 0.01 0.22 

  Exports 0.15 0.10 0.02 0.14 0.09 0.00 

  Patents 0.19 0.21 0.29 0.14 0.18 0.24 

  Product or process innovation 0.12 0.16 0.12 0.11 0.14 0.07 

  New products for the market 0.001 0.06 0.38 0.01 0.05 0.36 

  More no-new products than sector average  -0.13 0.10 -0.08 -0.15 0.08 -0.09 
 
Notes: We have assigned each firm into 5 size bins and 5 industry bins. Columns (i) to (iii) report the 
deviation from the firm without R&D offshoring after subtracting the average of the size bin. Columns 
(iv) to (vi) report the deviation from the firm without R&D offshoring after subtracting the average of the 
size and industry bins. 
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Table 5: Determinants of R&D offshoring strategy. Comparison with respect to the 
reference group “only FDI”. Multinomial probit model. 
  (i) Only international (ii) Bisourcing (iii) No  
  outsourcing   external R&D 

log(internal R&D/accumulated physical investment) -0.081 -0.119 -0.151 
 (0.036)*** (0.053)* (0.036)*** 
Having more no-new products than sector average (d) 0.825 0.225 0.650 
 (0.246)*** (0.385) (0.242)* 
New products for the market (d) 0.137 0.906 -0.056 
 (0.202) (0.456)* (0.198) 
Accumulated EPO patents 0.840 0.980 0.398 
 (0.260)** (0.306)** (0.257) 
log(number of employees) -0.260 -0.175 -0.535 
 (0.070)*** (0.104) (0.068)*** 
Having exports (d) -0.096 0.092 -0.427 
 (0.277) (0.433) (0.271) 
Sector variables       
  % over sales of no-new products 3.820 4.066 11.34 
 (4.059) (4.300) (3.95)** 
  log(R&D/value added)  1.713 2.806 -1.820 
 (2.801) (3.763) (2.758) 
Log Likelihood -2333.3     
Observations 15809     

 
Notes: All regressions include time, sector dummies and a constant. Coefficients from the multinomial probit 
model are reported. Estimated standard errors are reported in brackets. * Significant at 10%, ** significant at 
5%, *** significant at 1%. The symbol (d) denotes dummy variable.    
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Table 6: Determinants of the intensity of the R&D offshoring strategy. Heckman two-
step selection model.   

Selection equation: 
(i) International 

outsourcing (ii) FDI (iv) R&D offshoring 

log(internal R&D/accumulated 0.048 0.079 0.087 

physical investment) (0.006)*** (0.020)*** (0.021)*** 

Having more no-new products  0.123 -0.479 -0.525 

than sector average (d) (0.043)*** (0.183)*** (0.191)*** 

New products for the market  0.147 0.205 0.212 

the market (d) (0.042)*** (0.130)* (0.134)* 

Acumulated EPO patents 0.328 0.064 0.135 

  (0.049)*** (0.117) (0.124)** 

log(number of employees) 0.191 0.339 0.383 

  (0.016)*** (0.049)*** (0.052)*** 

Having exports (d) 0.236 0.276 0.285 

 (0.051)*** (0.179) (0.184)* 

Sector variables    

  % over sales of no-new -5.25 -6.368 -7.419 

 products (0.958)*** (3.285)* (-3.263) 

  log(R&D/value added)  2.50 1.164 2.189 

  (0.630)*** (-1.845) (-1.841) 

Intensity equation: 
log(International 

outsourcing) Log(FDI) 
log(Inter outsourcing 

over FDI) 

log(internal R&D/accumulated 0.010 [0.018] 0.209 [0.062] -0.152 [-0.018] 

physical investment) (0.032)   (0.121)*  (0.071)***   

Having more no-new products -0.152 [-0.132] -1.809 [-0.921] 1.143 [0.337] 

han sector average (d) (0.145)   (1.192)  (0.659)   

Accumulated EPO patents 0.306 [0.361] -0.102 [0.221] 0.337 [0.544] 

  (0.181)*   (0.422)  (0.285)   

Sector variables            

  log(R&D/value added)  6.336 [6.749] 16.691 [14.545] -8.158 [-4.817] 

  (2.259)***   (7.831)***   (4.92)*   
mills: lambda -0.188   1.965   -1.624   
  (0.469)   (1.520)   (0.782)***  

Rho -0.120   0.830   -0.960  

Sigma 1.581   2.367   1.692  

Number of observations 15255   15255   15255  

Uncensored observations 566   37   37   
 
Notes: All regressions include time, sector dummies and a constant. The intensity equation also includes size 
dummies. Conditional marginal effects from the Heckman selection model are reported in squared brackets. 
Estimated standard errors are reported in brackets. * Significant at 10%, ** significant at 5%, *** significant 
at 1%. The symbol (d) denotes dummy variable.    
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