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1 Introduction  
 
Existing empirical evidence shows that foreign-owned firms are more productive than 

domestic firms (Doms and Jensen, 1998; Driffield, 1997; Griffith and Simpson, 2001; 

Ruane and Ugur, 2004; Girma and Görg, 2007). More recent studies have found that a 

large part of this productivity differential is between multinationals and non-

multinationals (Griffith, 1999; Oulton, 2000; Temouri et al. 2008). Theoretical models 

of firm heterogeneity and international trade demonstrated that given fixed costs 

associated to entry on exports markets only firms with high productivity self-select 

into exporting (Bernard and Jensen, 1999; Melitz, 2003). While this literature has 

assumed that firm productivity is exogeneous, more recent theoretical contributions 

allow for the possibility of firms to increase their productivity through innovation 

activities (Yeaple, 2005; Bustos, 2005).  

Empirical evidence on the sources of the productivity advantage of firms with 

international linkages relative to firms serving only domestic markets is still scarce. 

This paper aims to shed light to filling this gap by linking the productivity of firms 

with international linkages to their innovation performance. As foreign linkages we 

consider both inward and outward foreign investment and exporting. In particular, we 

are asking the following research questions. Are firms with international linkages 

more likely to invest in innovation? Do firms with international linkages have a higher 

innovation intensity and do they benefit more from knowledge flows? Do firms with 

international linkages innovate more than firms serving only the domestic market?    

To answer these questions we estimate an augmented structural model following 

Crépon et al. (1998) and Griffith et al. (2006) to account for the role of foreign 

linkages in explaining the innovation and productivity performance of firms in 

Ireland. In contrast with these two well known studies we use panel data from two 

waves of the Community Innovation Survey from Ireland for the period 2004 – 2008 
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which allows us to account for unobserved firm heterogeneity and capture causal links 

between innovation input, innovation output and productivity.  

In contrast to Crépon et al (1998) and many subsequent empirical studies and similar 

to Griffith et al (2006) we estimate the model for all firms and not only for innovative 

firms and thus account for the selection bias which arises from the fact while it is 

likely that all firms have some innovative effort not all firms report innovation 

investment. In addition to using panel data we go beyond Griffith et al. (2006) in two 

ways. First, we add to the model explanatory variables which capture foreign 

linkages. In particular we estimate whether and to what extent foreign affiliates, 

domestic multinationals and domestic exporters have a different innovation and 

productivity performance in comparison to firms that serve only the domestic market. 

Second, we consider all types of innovation including both technological and non-

technological innovation (product, process and organisational innovation) as well as 

complementarities among them. We use improved econometric panel techniques and 

account for three econometric issues: (i) selection basis which arises from the fact that 

not all firms report innovation investment; (ii) endogeneity: innovation investment, 

innovation output and productivity are endogenously determined; (iii) omitted 

variable bias.  

We contribute to the empirical literature about firms heterogeneity and international 

trade and investment in three ways. First, we model the productivity advantage of 

firms with foreign linkages in comparison to firms serving only the domestic market 

as a function of their innovation performance by using an unified econometric 

framework. Second, in contrast to previous studies we use panel data and account for 

unobserved firm heterogeneity in the underlying relationships between innovation 

input, innovation output and productivity. Third, we consider all types of innovations 

including product, process and organisational innovations and complementarities 

among them.  

Our econometric analysis suggests that foreign affiliates and domestic exporters are 

more likely to invest in innovation in comparison with domestic non-exporters. 

Conditional on investing in innovation, foreign-owned firms have a higher innovation 

expenditure intensity in comparison to firms that serve only the domestic market. 

Further, the propensity of firms to invest in innovation correlates positively with firm 

size and negatively with the distance to the technology frontier. Thus firms which are 
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closer to the technology frontier are more likely to invest in innovation and have a 

higher innovation expenditure intensity. Foreign affiliates and domestic exporters are 

more likely to have successful innovation output in comparison to firms which serve 

only the domestic market while Irish multinationals are more likely to have process 

innovation. It appears that foreign linkages per se explain to a great extent the 

innovation differential of firms foreign affiliates and domestic exporters in 

comparison to domestic non-exporters. However, when we control for innovation 

inputs, it turns out that this innovation differential is accounted to a large extent by 

knowledge flows from outside the firms: from enterprises from within the same group 

in the case of foreign affiliates; from co-operation with customers in the case of 

exporters. The innovation expenditure intensity does not see to play a role in 

explaining the innovation output of Irish firms (with the exception of the model using 

the share of innovative sales), its effect is not significant in the knowledge production 

function. In contrast, external knowledge flows explain to a large extent the 

innovation performance of Irish firms. Co-operation with suppliers, with consultants 

and with universities appear to have a positive significant effect on innovation output 

in all estimated knowledge production function models.  With the exception of 

organisational innovation, knowledge flows from enterprises within the same have a 

positive impact on the innovation output while co-operation with customers appear to 

play a significant role for firms with product innovation, for firms having both 

product and process innovation and in the model which uses the share of turnover due 

to innovation as dependent variable. Co-operation with the government does not 

appear to matter in any of the estimated models, while co-operation with competitors 

appear to have a negative or no significant effect on the innovation output of firms in 

Ireland. With respect to the productivity performance, we find that firms with foreign 

linkages have a higher labour productivity in comparison to firms that serve only the 

domestic market. While foreign linkages per se explain this unconditional  

productivity differential, when we control for other factors it appears that this 

productivity differential is accounted for by the innovation output and the distance to 

technology frontier with the distance to the technology frontier playing the major role. 

Innovation output and foreign entry have a positive effect on the labour productivity 

of firms. Further firms further from the technology frontier are less likely to benefit 

from foreign entry.  
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The rest of the paper is organised as follows. Section 2 discusses our empirical 

methodology and econometric issues. Next Section 3 describes the data set and 

summary statistics. Econometric results are discussed in Section 4. Section 5 

concludes.    

 
2 Empirical Methodology and Econometric Issues 
 
To explain the innovation and productivity performance differential of firms with 

international linkages we estimate an augmented structural model by extending the 

econometric framework proposed by Crépon et al. (1998) and Griffith et al (2006). 

This modelling framework accounts for the following firm behaviour: in the first 

stage, firms decide whether and how much to invest in innovation; in the next stage, 

firms produce knowledge (innovation outputs) using innovation inputs; finally, 

knowledge (innovation outputs) is used together with other inputs to produce output.  

This model consists of the following equations:  

The first equation models the decision of firm i to invest in innovation:  

(1)     *
it it j t i ity x β λ μ η ε′= + + + +    

where *
ity  is an unobserved latent variable measuring the predicted utility of engaging 

in innovation, ix  is a vector of firm-level characteristics, β  is the related vector of 

coefficients, jλ  is a vector of industry fixed effects, tμ  is a vector of time fixed 

effects, iη  the firm-specific time-invariant effect and iε , the error term.  

To account for the fact that we only observe what the firms report as innovation effort 

we estimate the following a selection equation which describes the propensity of firms 

to invest in innovation:  

(2)     
* '

*

1  if 

0  if 

it it j t i it

it

it it j t i it

y x a
y

y x a

β λ μ η ε

β λ μ η ε

⎧ = + + + + >⎪= ⎨
′= + + + + ≤⎪⎩

   

where ity  is the observed innovation expenditure.   

Further, conditional on investing in innovation we estimate the innovation expenditure 

intensity as follows:  
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(3)     
*  if 1

0                                     if 0
it it j t it it

it
it

y x y
w

y

β λ μ ϕ′⎧ = + + + =⎪= ⎨
=⎪⎩

 

The equations (2) and (3) are jointly estimated as a generalized Tobit model by  a 

maximum likelihood assuming that and it itε ϕ  are bivariate normal with zero mean, 

variances 2 1εσ = and 2
ϕσ  and the correlation coefficient εϕρ 2. 

Further, we estimate the following knowledge production function (innovation 

output):   

(4)     *( )it it it j t i itz f w xγ δ λ μ η ω′ ′= + + + + +  

The latent innovation input *
itw  enters the above equation as explanatory variable, 

together with other firm-level characteristics collected in itx  as well as time-invariant 

unobserved industry, time and individual firm effects. Since *
itw  is predicted by 

equations (2) and (3) for all firms, we are able to recover the expenditures for those 

firms who do not report positive expenditures, and hence (4) is estimated for all firms 

in the sample. This procedure allows the model to be free from selection bias.  In 

addition, by using the predicted innovation input as an explanatory variable in the 

innovation output equation we alleviate econometric issues which arise from the fact 

that innovation investment and innovation output may be endogeneous. For example, 

innovation investment may be correlated with the error term if part of this innovation  

input is attributed to unobserved firm specific effects.  

The last equation is an augmented production equation taking the form of a Cobb-

Douglas production function with constant returns to scale. 

(5)     '
it it it j t i itz xπ α φ λ μ η υ′= + + + + + . 

itπ  is turnover per worker in firm i at time t . itz  is the predicted probability of 

having any type of innovation or the predicted intensity of innovation output. For the 

                                                 
2 See Heckman (1979) and Cameron and Trivedi (2005) for more details. We use the STATA –
Heckman procedure to estimate the model. 
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a similar reason as argued for using predicted innovation input, potential endogeneity 

of innovation output is also reduced3. 

The model we estimate is a recursive system which consists of equations (2), (3), (4) 

and (5). Given that not all firms are surveyed in both periods we estimate weighted 

regressions. The weights are calculated by using the distribution of employment 

across industries. In addition we estimate standard errors that are clustered at industry 

level to account for the fact that error terms may be correlated within industries.  For 

example, it is likely that firms belonging to the same industry share a common part of 

the utility (or production) functions described by equations (2) to (5). Usually this 

common part is unobservable and it enters the error term in each equation. The 

consequence is that error terms are correlated within industries. As  shown by  

Moulton (1986, 1990) this correlation leads to downward biased standard errors and 

thus spurious statistical significance. To account for this bias we follow Pepper (2002) 

and Cameron et al. (2006) and compute standard errors clustered at NACE 2-digit 

industry level. 

 

3 Data, Variables and Summary Statistics 

We have data from three waves of Irish Community Innovation Survey (CIS). This 

survey is part of a harmonized framework across EU countries coordinated by 

Eurostat, for the purpose of investigating innovation activities and performance of 

firms, and providing a cross-country comparison on this topic. The first wave of the 

Irish CIS survey (CIS 2004) was conducted by Forfás, a national policy advisory body 

for enterprise and science in 2004. The questionnaire was sent to 2,324 firms which 

were selected by a stratified random sampling technique for firms with less than 50 

employees or otherwise a census of firms with more than 50 employees. In total 1,116 

questionnaires were returned, which gives a response rate of 48 per cent. The second 

and third waves (CIS 2006 and CIS 2008) were jointly conducted by Forfás and the 

Central Statistics Office (CSO) of Ireland in 2006 and 2008. For these two latter 

surveys, information on 1,974 and 2,181 firms respectively were obtained separately, 

achieving response rates of 47.6 and 46.9 per cent, respectively. CIS 2006 covers the 

innovation activities of firms from 2004 to 2006 and CIS 2008 covers those from 

                                                 
3 Firm level data on capital stocks are not available to us from the CIS surveys or another firm-level 
datasets. 



 8

2006 to 2008.4 Since CIS 2006, the sampling methodology has been changed, which 

causes differences between CIS 2004 and CIS 2006, 2008 in terms of 

representativeness. For example, large firms are overrepresented in CIS 2004 while in 

CIS 2006 and 2008 the size distribution of firms is consistent with that of the CSO’s 

Business Register. Moreover, CIS 2004 contains a lower proportion of firms in the 

service sectors, namely 35.8 per cent, compared with a proportion of 55.1 and 58.7 

per cent in CIS 2006 and CIS 2008, respectively. In order to achieve maximal 

consistency, in this paper we use data from CIS 2006 and CIS 2008. All firms 

appearing in both surveys are used to construct a balanced panel of two time points, 

made up of 728 firms.      

In the CIS surveys, firms are requested to report whether they are in an enterprise 

group and whether they sell goods or services to local, national or foreign markets. 

Further, firms are asked whether they have introduced product, process or 

organizational innovation, or have on-going innovation or abandoned innovation 

during a three-year period. Only those firms that have successful, on-going or 

abandoned innovation (termed as innovators) need to answer more questions in 

relation to their R&D or innovation expenditures, innovation outputs of various types, 

and the cooperation with different parties for the given three year period. Forfás and 

the CSO also merged additional information for each firm which is sourced from 

other surveys into CIS, such as information on ownership, turnover and the number of 

employees.  

Dependent Variables  

In equation (2) the dependent variable is innovation input. We construct four variables 

to measure innovation input. Two dummy variables indicate whether a firm reports 

positive in-house R&D expenditure or innovation expenditure, respectively. 

Innovation expenditure is a broader measure of innovation input and includes in 

addition in-house R&D expenditure, purchase of external R&D, acquisition of 

machinery, equipment and software, and other external knowledge. It measures all 

observable efforts a firm exerts on innovation. These dummy variables enter equation 

(2). In equation (3) the dependent variable is the intensity of innovation input. We use 

two continuous variables to measure the intensity of innovation input, i.e. the R&D 

                                                 
4 For more information about the CIS data see Forfás (2006, 2008 and 2009). 
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expenditures or innovation expenditures per employee. They are expressed in per 

capita euro and deflated to 2004 price level. To deflate the monetary values we use 

producer price indices at industry level for manufacturing and the GDP deflator for 

services5.  

In equation (4) the dependent variable is innovation output. We construct nine 

measures of innovation output. Three of them are dummy variables indicating 

whether a firm had product, process or organizational innovation. Based on these 

three variables we derive another five dummy variables indicating several 

combinations of three types of innovation. The broadest innovation measure indicates 

whether a firm had any one of the above mentioned three types of innovations. The 

narrowest measure requires a firm to have all types of innovation at the same time. 

The remaining three indicators are for the combinations of any two types of 

innovations. The last innovation output variable is the share of innovative products or 

services in total turnover for the last year of each survey. To account for the fact that 

the share is bounded between 0 and 1, we transform this dependent variable by using 

a logit transformation.  

In equation (5) the dependent variable is labour productivity measured turnover 

divided by the number of employees in constant 2004 prices obtained by using the 

above mentioned price indices.  

Explanatory Variables             

Since the primary objective of the study is to investigate the effects of foreign 

linkages on innovation input, output and productivity, we construct four variables to 

account for foreign linkages. In the CIS questionnaire, all firms are asked to report 

whether they are in an enterprise group, the location of the head office of the group, 

and whether they sell products or services to local/national, EU countries and other 

place of the world. With these kinds of information, we can partition the firms into 

two broad groups: foreign-owned firms if they are in an enterprise group and its head 

office is located in countries other than Ireland6, and the rest of firms are domestic 

                                                 
5 The results do not change when we use the consumer price index for services 
6 CIS itself does not provide information on the share of foreign ownership in a firm. Therefore we 
cannot tell how much control a foreign parent has over each foreign-owned firm. However, there is a 
variable indicating foreign ownership status accompanying the original CIS data. We cross check our 
definition of foreign ownership and the existing foreign ownership variable and find that our definition 
is consistent with the existing indicator. 
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firms. For those domestic firms in enterprise groups, we cross-check their names in a 

business database Amadeus7 in order to see whether they own subsidiaries that are 

located outside Ireland. A small number of firms are found to meet this criterion and 

they are classified as Irish multinational enterprises (MNEs). The remaining domestic 

firms are further broken down into domestic exporters (if they export to Northern 

Ireland or the UK, or other countries) or domestic non-exporters. The last indicator 

does not enter any equation and it serves as the reference group. 

In equation (4) we include seven dummy variables to proxy the following types of 

external knowledge flows: i) from other enterprises within the same enterprise group, 

ii) from suppliers of equipment, material, components or software, iii) from clients or 

customers, iv) from competitors or other enterprises in the same sector, v) from 

consultants, commercial labs or private R&D institutes, vi) from universities or other 

higher education institutions and vii) from government or public research institutes.  

Other control variables include firm size measured as number of employees, the 

distance to the global technological frontier (GTF) and foreign entry. The distance to 

the GTF is the absolute difference between the turnover per employee of a firm in the 

CIS and the global technological frontier (GTF).8 Data on the GTF is obtained from 

the OECD and it is computed by pooling firms from 17 OECD countries. It is the 

turnover per employee of the 90 percentile of global firms, in constant 2004 prices. It 

is available at NACE 2 or 3-digit level. The logarithm of the distance to GTF enters 

equations (2), (3) and (5). Foreign entry proxies the competition pressure by new 

foreign entrants in each industry. It is the share of employees of foreign-owned 

entrants in total employees of entrants in each year at NACE 2-digit level. The logit 

transformation of this variable enters equation (5), together with an interaction term of 

foreign entry and the distance to the GTF trying which captures heterogeneous 

impacts of foreign entry upon firms at different productivity levels following Aghion 

et al. (2007). In addition, we control for unobserved industry fixed effects and year 

                                                 
7 Amadeus is a firm-level database published by Bureau van Dijk. It contains data for over 14 million 
firms located in 45 European countries, as of June 2010. The data cover the basic firm profile, the 
balance sheet, profit and loss account, financial ratios and ownership structure of a firm.     
8 Usually Irish firms have lower labour productivity than the GTF. Otherwise the difference is set to be 
zero following common practice. 
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fixed effects by including industry dummies9 and a year dummy for 2008. Detailed 

definitions and data sources for each variable are given in Table A1 in the Appendix. 

We breakdown the 728 firms in the panel sample by types of foreign linkages they 

have.  

We identify 245 foreign-owned firms (33.7 per cent), 24 Irish multinational 

enterprises (MNEs) (3.3 per cent), 264 domestic exporters (36.3 per cent) and 195 

domestic non-exporters (26.8 per cent).  

Table 1 shows the distribution of firms by industry for the panel sample (the industry 

classification is NACE rev. 1.1). The manufacturing sector covers NACE 15 to NACE 

37 and the service sector covers NACE 50 to NACE 74. In terms of the panel sample, 

all 23 manufacturing industries are represented and NACE 15 (food products and 

beverages) accounts for the highest share, 8.1 per cent, followed by NACE 24 

(manufacture of chemicals and chemical products). For the service sector, there are no 

firms presented in NACE 50, 52, 55, 70, 71 and 73. In comparison to the full sample, 

our panel sample covers more industries in the service sectors and manufacturing 

industries, although with different shares.  

Summary Statistics  

Table 3 reports the summary statistics for all firms in the panel sample, broken down 

by types of foreign linkages. With respect to innovation inputs, on average 30.6 per 

cent of innovators report positive spending on in-house R&D and the R&D 

expenditure intensity is 2,719.2 euro per employee. Foreign-owned firms had the 

highest propensity to invest in innovation as well as innovation expenditure intensity, 

while domestic non-exporter have the lowest figures, as expected. The share of all 

firms reporting innovation expenditure is 44.4 per cent and the intensity of innovation 

expenditures is more than twice that of the in-house R&D expenditures. It suggests 

that a large portion of innovation expenditures is spent on obtaining external 

knowledge, such as purchase of external R&D, acquisition of machinery, equipment 

and software and other external knowledge. 

                                                 
9 Since the sample covers 34 industries at NACE 2-digit level, it is reasonable to aggregate relevant 
industries so as to reduce the number of dummy variables. The rule we use is: 15-16, 17-19, 20, 21-22, 
23-25, 26, 27-28, 29, 30-33, 34-35, 36, 37, 51, 60-63, 64, 65-67, 72 and 74. Because the industry 
dummies are invariant over the two-year period, they cannot be estimated in a fixed-effect OLS model 
without any treatment. We interact each aggregate industry dummy with year dummies to make them  
time variant. 
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Next, turning to innovation output, the shares of firms having different types of 

innovation output range from 41.5 to 64.6 per cent, while on average the share of 

innovative turnover is 10 per cent. Again foreign-owned firms have the best 

innovation performance. A pattern worth noticing is that there are 64.6 per cent of 

firms having any type of innovation, but only 44.4 per cent of firms report positive 

innovation expenditures. This means that at least some firms who innovate do not 

report innovation expenditure. This pattern, justifies our empirical approach following  

Griffith et al. (2006) which is based on the assumption that some firms tend not to 

report innovation expenditures if they are lower than a certain threshold. 

With respect to external knowledge flows, on average 11.6 per cent of firms report co-

operation with other enterprises in the same enterprise group and the share is much 

higher for foreign-owned firms. This can be seen as evidence of the advantage of 

foreign ownership-being in an international enterprise group gives a firm more 

chances to access external knowledge. On the other hand, when we look at the 3.3 per 

cent of co-operation of domestic non-exporters one has to bear in mind that many of 

them are singletons so within-group co-operation is not an option. Foreign-owned 

firms do not rank the first for one of the sources of knowledge flows, namely the co-

operation with government or public research institutes. But domestic exporters have 

the highest rate of co-operation with government or public research institutes (6.5 per 

cent). This figure seems to be in line with considerable efforts of Irish governments on 

promoting exports. All in all, firms with any type of foreign linkages are generally 

much more likely to engage in any kind of co-operation, compared with domestic 

non-exporters with only one exception, co-operation with competitors in the case of  

Irish MNEs. 

Finally, it appears that foreign-owned firms are more productive and closer to the 

global technological frontier than other types of firms. On average, Irish MNEs are 

the largest firms in our sample.  



 13

4 Estimation Results 

Innovation Input    

We estimate equations (2) and (3) using in-house R&D expenditures and innovation 

expenditures separately. The two sets of estimates are similar in terms of the direction 

of impact of foreign linkages, employment and the distance to the GTF on the 

innovation propensity and the intensity with some differences in terms of the 

significance level and magnitude. We only report the results for innovation 

expenditures in Table 3.10 The figures reported for each explanatory variable are 

marginal effects evaluated at median so as to give them straightforward economic 

meaning. In column 1 the propensity of having positive innovation expenditures is 

shown to be positively associated with foreign-owned firms and domestic exporters 

against the omitted reference group – domestic non-exporters. But being an Irish 

MNE is not statistically more likely to invest in innovation. This can be attributed to 

the fact that only 3.3 per cent of the samples are Irish MNEs, so the estimation of the 

true effect of being an Irish MNE might suffer from an identification problem. More 

specifically, a foreign-owned firm has a higher propensity of investment exceeding a 

domestic non-exporter by a margin of 9.3 percentage points. This advantage is even 

higher for a domestic exporter, 23.1 percentage points. In addition, we find that large 

firms are more likely to invest in innovation but firms which are further away from 

global technological frontier are less likely to invest in innovation. 

Turning to the determinants of the intensity of innovation input, we find that all three 

foreign linkages are positively associated with the intensity of innovation expenditure, 

but only being a foreign-owned firm has a significant effect at the 1 per cent level: on 

average it increases the innovation investment intensity by 0.8 percentage points. If a 

firm is further from the GTF by 1 per cent from beneath, its investment is likely to 

decrease by 0.07 per cent. The negative effects of the distance to GTF on both the 

propensity to invest in innovation and the intensity of innovation expenditure suggest 

that a technologically laggard firm is less likely to consider investing in innovation as 

a strategic way to enhance its performance. 

 

 

                                                 
10 The results obtained with in-house R&D expenditures are available from the authors upon request. 
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Innovation Output  

We predict the intensity of innovation expenditure from equation (3) and use it in 

equation (4). The innovation output (equation 4) is estimated for all firms (innovators 

and non-innovators) so the selection bias is avoided. The results are reported in Tables 

4a and 4b. In Table 4a, each column shows the result of a random-effects Probit 

model for different types of innovation output. In column 1, among all firms with 

foreign linkages, foreign-owned firms and domestic exporters are more likely to have 

any type of innovation. The corresponding coefficients are significant at the 1 per cent 

level. However, it turns out that innovation input does not have a significant effect on  

the knowledge production. In contrast, external knowledge flows have significant 

effects. Having co-operation with other enterprises in the same group increases the 

chance of innovation output by 37.7 percentage points. Other knowledge flows which 

are important are co-operation with suppliers, consultants, universities and 

government. Also, larger firms are more likely to have innovation output.  

The summary statistics shown in Table 2 indicate that on average firms with any type 

of foreign linkages have more innovation input and knowledge flows in comparison to 

domestic non-exporters. How much do these differentials contribute to the differential 

of innovation output due to the foreign linkage advantage? Following Criscuolo et al. 

(2010) we calculate the fraction of the contribution of each type of innovation input 

and knowledge flows. The first step is to estimate a reduced form of equation (4) with 

only foreign linkages dummies and controls, such as size, industry and year fixed 

effects.11 The marginal effect of being a foreign -owned firm is an “adjusted foreign-

owned firm – domestic non-exporter differential”, and so on for the rest of the other 

foreign linkages. This differential is an unconditioned foreign linkage advantage. The 

next step is to calculate the fraction of the adjusted differential that is attributed to the 

differential of each innovation input and knowledge flows that is related to each 

foreign linkage – domestic non-exporter pair. For example, taking the adjusted 

differential of the foreign owned firm – domestic non-exporter, the estimated 

marginal effect is 0.329 (equivalent to 32.9 percentage points). The differential of co-

operation with other enterprises in the same group is 0.214 [=(24.7-3.3)/100] between 

foreign-owned firm and domestic non-exporter, which is taken from Table 2. The 

differential is multiplied by the marginal effect of this type of knowledge flow (taken 
                                                 
11 These regressions are reported in Table A2a and A2b in the Appendix. 
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from Table 4a, column 1) and gives its predicted contribution to the adjusted 

differential, that is 0.080678 (=0.377*0.214). The fraction is, therefore, 24.5 per cent 

[=(0.080678*100)/0.329]. The fractions for equation (4) of innovation output are 

reported in Table 6, along with the fractions for the other eight types of innovation. 

Moving to column 2 of Table 4a, all three types of foreign linkages are found to have 

significant effects on product innovation. This type of innovation is also explained by 

the co-operation with other enterprises (a marginal increase of the probability to 

report innovation output by 10.5 percentage points), suppliers (14.2 percentage 

points), customers (19 percentage points), consultants (14.2 percentage points) and 

universities (16.6 percentage points).  

Our findings with respect to innovation outputs can be summarised as follows: i)  

being a foreign-owned firm or a domestic exporter are positively associated with most 

of the innovation outputs, while Irish MNEs are more likely to report process 

innovation; ii) predicted innovation input is only positively associated with the share 

of innovative turnover;  iii) which types of knowledge flows are used by firms to 

produce innovation depends on the types of innovation in turn. Co-operation with 

consultants or universities have positive and significant effects in all four types of 

innovation. 

Table 4b reports the results of estimates of equation (4) for various combinations of 

innovation output and the continuous measure of innovation. The last two columns 

report estimates of regressions using a continuous measure of innovation, the share of 

innovative turnover. The random-effects estimates indicate that foreign-owned firms 

and domestic exporters have significantly higher shares of innovative turnover.  that 

Four types of knowledge flows contribute significantly to a higher innovative turnover 

share.  

Productivity  

In the last stage of estimation explain labour productivity as a function of predicted 

innovation output, foreign linkages and control for labour input, distance to the 

technology frontier, foreign entry as well as unobserved industry and time fixed 

effects. In addition, we account for unobserved firm heterogeneity by employing 

random and fixed effects estimators. The estimates are shown in Tables 5a and 5b. All 

three types of foreign linkages are positively associated with labour productivity. For 
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example, on average labour productivity of foreign affiliates was 47.2 per cent higher 

in comparison to domestic non-exporters while the corresponding labour productivity 

advantage of domestic exporters was 23.1 per cent and that of Irish MNEs was 60.4 

per cent. Further, the predicted innovation output appears positively and significantly 

associated with labour productivity in the fixed effects models but insignificant in the 

random effects models. Positive effects of the innovation output on labour 

productivity are found for all types of innovation, product and process innovations, 

process and organizational innovations, and the share of innovative turnover share. In 

particular the effects of the combinations of different innovations suggest that 

complementarity between the different types of innovations is an important driving 

factor of firm productivity. Our findings suggest that any combination of the three 

types of innovation had a positive effect on labour productivity. These results are in 

line with other findings. For example, Schmidt and Rammer (2007) found that the 

positive effect on the profit margin of firms is mainly due to the combination of 

product innovation and organizational innovation. Polder et al. (2010) find that only 

organizational innovation contributes to labour productivity along, while product and 

process innovation have to be combined with organizational innovation to have 

positive effects on labour productivity.     

Firms which are closer to the technology frontier had a higher labour productivity. 

Foreign entry had a positive effect on labour productivity. The negative and 

significant effect of the interaction between the distance to frontier and foreign entry 

suggests that technologically laggard firms do not benefit from foreign entry. This 

finding is in line with the escape-entry effect in Schumpeterian growth theory or the 

similar proposition of an escape-competition effect in Aghion et al. (2001). It also 

echoes the empirical findings by Aghion et al. (2007) for British firms, though they 

examine the effect of foreign entry on productivity growth. 

Table 7 reports the contribution accounting of the productivity differential of firms 

with foreign linkages. The first column shows that foreign linkages per se explain to a 

large extent the productivity differential of firms with foreign linkages in comparison 

to domestic non-exporters is significant. When we control for other factors it appears 

that this productivity differential can be attributed these firms being close to the 

technology frontier while the contribution of innovation output is less important.   
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5 Conclusions 

This paper examines the effect of the internationalisation of firms via foreign direct 

investment and trade on their innovation and productivity performance. We use micro 

data from two waves of the Community Innovation Survey of enterprises in Ireland 

covering the period 2004-2008 and estimate a structural model to analyse the role of 

foreign direct investment and exporting in the relationships between innovation 

investment, innovation output and productivity. 

Our econometric analysis suggests that foreign affiliates and domestic exporters are 

more likely to invest in innovation in comparison with domestic non-exporters. 

Conditional on investing in innovation, foreign-owned firms have a higher innovation 

expenditure intensity in comparison to firms that serve only the domestic market. 

Further, the propensity of firms to invest in innovation correlates positively with firm 

size and negatively with the distance to the technology frontier. Thus firms which are 

closer to the technology frontier are more likely to invest in innovation and have a 

higher innovation expenditure intensity. Foreign affiliates and domestic exporters are 

more likely to have successful innovation output in comparison to firms which serve 

only the domestic market while Irish multinationals are more likely to have process 

innovation. It appears that foreign linkages per se explain to a great extent the 

innovation differential of foreign affiliates and domestic exporters in comparison to 

domestic non-exporters. However, when we control for innovation inputs, it turns out 

that this innovation differential is accounted to a large extent by knowledge flows 

from outside the firms: from enterprises from within the same group in the case of 

foreign affiliates; from co-operation with customers in the case of exporters. The 

innovation expenditure intensity does not see to play a role in explaining the 

innovation output of Irish firms (with the exception of the model using the share of 

innovative sales). In contrast, external knowledge flows explain to a large extent the 

innovation performance of Irish firms. Co-operation with suppliers, with consultants 

and with universities appear to have a positive significant effect on innovation output 

in all estimated knowledge production function models.  With the exception of 

organisational innovation, knowledge flows from enterprises within the same group 

have a positive impact on the innovation output while co-operation with customers 

appear to play a significant role for firms with product innovation, for firms having 
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both product and process innovation and in the model which uses the share of 

turnover due to innovation as dependent variable. Co-operation with the government 

does not appear to matter in any of the estimated models, while co-operation with 

competitors appear to have a negative or no significant effect on the innovation output 

of firms in Ireland. With respect to the productivity performance, we find that firms 

with foreign linkages have a higher labour productivity in comparison to firms that 

serve only the domestic market. While foreign linkages per se explain this 

unconditional  productivity differential, when we control for other factors it appears 

that this productivity differential is accounted for by the innovation output and the 

distance to technology frontier with the distance to the technology frontier playing the 

major role. Innovation output and foreign entry have a positive effect on the labour 

productivity of firms. Further firms further from the technology frontier are less likely 

to benefit from foreign entry.  
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Table 1. Distribution of Firms by Industry 

  
CIS 2006 and 

2008 
Full Sample 

CIS 2006 and 
2008 

Panel Sample 

NACE Industry Description NACE 
Code Number Percent Number Percent 

Manufacture of food products and beverages 15 268 6.62 59 8.10 
Manufacture of tobacco products 16 4 0.10 2 0.27 
Manufacture of textiles 17 37 0.91 7 0.96 
Manufacture of wearing apparel; dressing and dyeing of fur 18 27 0.67 8 1.10 
Tanning and dressing of leather; manufacture of luggage, handbags, saddlery, harness and footwear 19 11 0.27 3 0.41 
Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and plaiting  materials 20 90 2.22 20 2.75 
Manufacture of pulp, paper and paper products 21 39 0.96 5 0.69 
Publishing, printing and reproduction of recorded media 22 123 3.04 31 4.26 
Manufacture of coke, refined petroleum products and nuclear fuel 23 4 0.10 1 0.14 
Manufacture of chemicals and chemical products 24 139 3.43 34 4.67 
Manufacture of rubber and plastic products 25 101 2.50 17 2.34 
Manufacture of other non-metallic mineral products 26 100 2.47 18 2.47 
Manufacture of basic metals 27 39 0.96 12 1.65 
Manufacture of fabricated metal products, except machinery and equipment 28 206 5.09 31 4.26 
Manufacture of machinery and equipment n.e.c. 29 136 3.36 27 3.71 
Manufacture of office machinery and computers 30 33 0.82 6 0.82 
Manufacture of electrical machinery and apparatus n.e.c. 31 62 1.53 16 2.20 
Manufacture of radio, television and communication equipment and apparatus 32 40 0.99 12 1.65 
Manufacture of medical, precision and optical instruments, watches and clocks 33 96 2.37 30 4.12 
Manufacture of motor vehicles, trailers and semi-trailers 34 38 0.94 7 0.96 
Manufacture of other transport equipment 35 22 0.54 7 0.96 
Manufacture of furniture; manufacturing n.e.c. 36 141 3.48 10 1.37 
Recycling 37 19 0.47 4 0.55 
Sale, maintenance and repair of motor vehicles and motorcycles; retail sale of automotive fuel 50 0 0.00 0 0.00 
Wholesale trade and commission trade, except of motor vehicles and motorcycles 51 832 20.56 142 19.51 
Retail trade, except of motor vehicles and motorcycles; repair of personal and household goods 52 6 0.15 0 0.00 
Hotels and restaurants 55 3 0.07 0 0.00 
Land transport; transport via pipelines 60 195 4.82 23 3.16 
Water transport 61 15 0.37 5 0.69 
Air transport 62 12 0.30 4 0.55 
Supporting and auxiliary transport activities; activities of travel agencies 63 141 3.48 24 3.30 
Post and telecommunications 64 75 1.85 11 1.51 
Financial intermediation, except insurance and pension funding 65 140 3.46 26 3.57 
Insurance and pension funding, except compulsory social security 66 56 1.38 23 3.16 
Activities auxiliary to financial intermediation 67 133 3.29 34 4.67 
Real estate activities 70 1 0.02 0 0.00 
Renting of machinery and equipment without operator and of personal and household goods 71 0 0.00 0 0.00 
Computer and related activities 72 365 9.02 36 4.95 
Research and development 73 1 0.02 0 0.00 
Other business activities 74 297 7.34 33 4.53 

Sum  4,047 100.00 728 100.00 



Table 2. Summary statistics 
CIS 2006 and 2008, panel sample used in estimation, manufacturing and services 

 Innovators and non-innovators 

Types of firms All firms Foreign-owned 
firms Irish MNEs Domestic exporters Domestic 

non-exporters 
 N=728 N=245 N=24 N=264 N=195 

1. Innovation input      
Engagement in in-house R&D (per cent) 30.6 39.1 34.0 38.7 8.9 
In-house R&D expenditure per employee (2004 prices) 2,719.2 4,915.5 4,128.1 2,354.3 307.3 
Engagement in innovation (per cent) 44.4 53.0 51.1 52.0 22.9 
Innovation expenditure per employee (2004 prices) 6,931.7 12,405.1 9,274.5 5,114.9 2,277.5 

2. Innovation output      
Any type of innovation (per cent) 64.6 77.3 59.6 69.1 43.3 
Product innovation (per cent) 41.6 53.0 46.8 47.2 19.3 
Process innovation (per cent) 41.5 50.9 44.7 44.8 24.9 
Organizational innovation (per cent) 46.9 57.3 36.2 52.2 28.2 
Innovative turnover share (per cent) 10.0 13.4 11.0 11.8 3.1 

3. Knowledge flows      
Other enterprises within the same enterprise group (per cent) 11.6 24.7 8.5 5.9 3.3 
Suppliers (per cent) 12.7 18.8 10.6 13.1 4.8 
Clients or customers (per cent) 10.4 15.1 10.6 11.8 2.5 
Competitors (per cent) 4.1 5.5 2.1 3.8 2.8 
Consultants, commercial labs or private R&D institutes (per cent) 8.2 12.3 10.6 8.9 2.0 
Universities or other higher education institutions (per cent) 8.2 13.9 8.5 7.8 1.5 
Government or public research institutes (per cent) 4.6 5.7 4.3 6.5 0.8 

4. Other firm characteristics      
Labour productivity (turnover per employee, 2004 prices) 737,019.4 1,430,688.0 443,394.1 463,236.1 276,155.2 
Employees 154.7 238.9 360.6 114.5 79.1 
Distance to the global technological frontier, 2004 prices 390,368.9 308,074.8 360,334.0 379,620.1 510,771.0 
Notes: Innovators are firms who report having at least one of the following types of innovation: product, process or organizational innovation. Firms reporting no 
innovation are non-innovators. Types of firms include: foreign-owned firms (as indicated in the original survey), Irish MNEs (Irish non-foreign-owned firms with 
subsidiaries located in other countries other than Ireland), domestic exporters (non-foreign-owned firms which export to Northern Ireland, the UK, the EU or other 
countries in the world) and domestic non-exporters (non-foreign-owned firms which do not export). 
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Table 3. Innovation Input (Manufacturing and Services Sectors) 

 Propensity of investing in innovation Intensity of innovation input 
Dependent variable Innovation expenditure > 0 Log of innovation expenditure per employee

Estimator Heckman first stage: probit Heckman second stage: OLS 
Foreign-owned firm 0.093* 0.824*** 

 (0.051) (0.262) 
Irish MNE 0.154 0.695 

 (0.149) (0.481) 
Domestic exporter 0.231*** 0.319 

 (0.034) (0.252) 
Employment 0.101***  

 (0.015)  
Distance to the GTF -0.006* -0.065*** 

 (0.0029) (0.018) 
Industry fixed effects Yes yes 

Time fixed effect Yes yes 
Constant Yes yes 

Log likelihood -5,216.1 
rho 0.458* 

 (0.222) 
Wald test for H0: rho=0 (Chi2) 3.09 

N 1,456 
Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 
1.1, 2-digit). *** Significant at the 1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent level. The 
dependent variable of the propensity to invest in innovation equation is equal to 1 if  a firm reports positive innovation expenditures 
and 0 otherwise. The dependent variable in the innovation intensity equation  is the logarithm of innovation expenditures per 
employee. rho is the correlation coefficient of error terms of the two equations measuring the interdependence of the two equations.
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Table 4a. Innovation Output (Manufacturing and Services Sectors) 

Dependent variable Any type of inno. Product inno. Process inno. Organizational inno. 
Estimator RE Probit RE Probit RE Probit RE Probit 

Foreign-owned firm 0.311*** 0.123*** 0.136*** 0.153*** 
 (0.057) (0.046) (0.050) (0.044) 

Irish MNE 0.081 0.104 0.162* 0.006 
 (0.094) (0.077) (0.086) (0.055) 

Domestic exporter 0.287*** 0.157*** 0.222*** 0.209*** 
 (0.039) (0.035) (0.037) (0.032) 

-0.042 0.015 -0.037 0.012 Predicted inno. expend. 
per employee (0.037) (0.023) (0.027) (0.024) 
Employment 0.093*** 0.043*** 0.059*** 0.041*** 

 (0.014) (0.011) (0.011) (0.009) 
Co-operation with other enterprises 0.377*** 0.105** 0.318*** 0.056 

 (0.100) (0.049) (0.065) (0.042) 
Co-operation with suppliers 0.504*** 0.142*** 0.171*** 0.216*** 

 (0.070) (0.050) (0.052) (0.052) 
Co-operation with customers 0.007 0.190*** 0.045 -0.024 

 (0.079) (0.066) (0.046) (0.031) 
Co-operation with competitors -0.161*** -0.003 -0.018 0.081 

 (0.060) (0.035) (0.046) (0.060) 
Co-operation with consultants 0.725*** 0.142** 0.426*** 0.346*** 

 (0.048) (0.061) (0.072) (0.070) 
Co-operation with universities 0.245* 0.166** 0.235*** 0.246*** 

 (0.136) (0.070) (0.074) (0.072) 
Co-operation with government 0.725*** 0.008 -0.039 0.127 

 (0.048) (0.048) (0.052) (0.089) 
Industry fixed effects yes yes yes yes 

Time fixed effect yes yes yes yes 
Constant yes yes yes yes 

Log likelihood -2,166.4 -2,032.4 -2,149.2 -2,317.4 
Chi^2 372.8 451.0 440.8 445.1 

N 1,456 1,456 1,456 1,456 
Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 1.1, 2-
digit). *** Significant at the 1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent level. The dependent 
variables are either binary variables indicating whether a firm reports various types of innovation. RE stands for random effects. 
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Table 4b. Innovation Output (Manufacturing and Services Sectors) 

Dependent variable 
Product + 

process inno. 
Product + org. 

inno. 
Process + org. 

inno. 
All types of 

inno. Share of iInnovative turnover  

Estimator RE Probit RE Probit RE Probit RE Probit RE FE 
Foreign-owned firm 0.080** 0.040* 0.044 0.030* 0.851***  

 (0.034) (0.022) (0.030) (0.018) (0.215)  
Irish MNE 0.130* 0.039 0.043 0.050 0.426  

 (0.071) (0.038) (0.050) (0.039) (0.363)  
Domestic exporter 0.119*** 0.119*** 0.152*** 0.087*** 0.811***  

 (0.033) (0.028) (0.030) (0.026) (0.150)  
-0.012 0.017 0.012 0.001 0.006 0.683** Predicted inno. expend. 

per employee (0.008) (0.013) (0.018) (0.006) (0.156) (0.307) 
Employment 0.015** 0.018*** 0.030*** 0.009** 0.122** -0.119 

 (0.006) (0.006) (0.007) (0.004) (0.048) (0.267) 
Co-operation with other enterprises 0.095** 0.043* 0.151*** 0.051* 0.744***  

 (0.043) (0.024) (0.048) (0.027) (0.198)  
Co-operation with suppliers 0.049* 0.090*** 0.129*** 0.055** 0.878***  

 (0.026) (0.034) (0.041) (0.027) (0.182)  
Co-operation with customers 0.070* 0.043* -0.001 0.016 0.771***  

 (0.037) (0.025) (0.022) (0.014) (0.201)  
Co-operation with competitors 0.010 0.034 -0.006 0.004 -0.046  

 (0.017) (0.028) (0.027) (0.011)  (0.247)  
Co-operation with consultants 0.100** 0.111** 0.304*** 0.097** 0.550**  

 (0.047) (0.044) (0.067) (0.043) (0.214)  
Co-operation with universities 0.103** 0.173*** 0.237*** 0.113** 0.367  

 (0.050) (0.060) (0.066) (0.050) (0.226)  
Co-operation with government 0.015 0.002 -0.007 0.010 -0.417  

 (0.023) (0.020) (0.031) (0.015) (0.278)  
Industry fixed effects yes yes yes yes yes yes 

Time fixed effect yes yes yes yes yes yes 
Constant yes yes yes yes yes yes 

Log likelihood -1,584.7 -1,727.5 -1,892.4 -1,431.9 -9,753.9 -2,630 
Chi^2 347.9 410.8 420.7 328.3 711.4  

N 1,456 1,456 1,456 1,456 1,456 1,456 
Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 1.1, 2-
digit). *** Significant at the 1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent level. The dependent 
variables are either binary variables indicating whether a firm reports various types of innovation, or the logit transformed share of innovative 
turnover in total turnover.  in total sales (logit transformed). RE stands for random effects. FE stands for fixed effects. 
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Table 5a. Labour Productivity (Manufacturing and Services Sectors) 
Dependent variable Log of turnover per employee 

Predicted innovation output Any type of inno. Product inno. Process inno. Organizational inno. 
Estimator RE FE RE FE RE FE RE FE 

Foreign-owned firm 0.472***  0.468***  0.474***  0.458***  
 (0.048)  (0.046)  (0.046)  (0.047)  

Irish MNE 0.604***  0.598***  0.595***  0.609***  
 (0.118)  (0.118)  (0.118)  (0.117)  

Domestic exporter 0.231***  0.229***  0.227***  0.213***  
 (0.037)  (0.035)  (0.035)  (0.037)   

Predicted innovation output 0.093 0.331*** 0.146** 0.370*** 0.158*** 0.255** 0.168** 0.268*** 
 (0.068) (0.095)  (0.066) (0.101) (0.060) (0.094) (0.069) (0.093) 

Employment -0.015 -0.657*** -0.020 -0.652***  -0.021 -0.646*** -0.019 -0.641*** 
 (0.018) (0.135) (0.018) (0.136) (0.018)  (0.133) (0.018) (0.133) 

Distance to the GTF -0.189*** -0.115*** -0.188*** -0.113*** -0.189*** -0.115*** -0.188*** -0.114*** 
 (0.006) (0.031) (0.006) (0.031)  (0.006) (0.032) (0.006) (0.032) 

Foreign entry 0.033*** 0.012 0.034*** 0.014 0.033*** 0.012 0.034*** 0.013 
 (0.009) (0.022) (0.009) (0.022) (0.009) (0.022) (0.009) (0.022) 

Distance to the GTF * Foreign entry -0.002** -0.002 -0.002** -0.002 -0.002** -0.002 -0.002** -0.002 
 (0.001) (0.002) (0.001) (0.002) (0.001) (0.002) (0.001) (0.002) 

Industry fixed effects yes yes Yes yes yes yes yes yes 
Time fixed effect yes yes Yes yes yes yes yes yes 

Constant yes yes Yes yes yes yes yes yes 
Log likelihood -4,791.0 -566.7 -4,789.5 -564.9 -4,788.4 -568.6 -4,789.0 -568.7 

Chi^2 2,260.0  2,263.0  2,265.1  2,264.0  
N 1,456 1,456 1,456 1,456 1,456 1,456 1,456 1,456 

Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 1.1, 2-digit). *** Significant at the 1 per cent level, ** 
Significant at the 5 per cent level, * Significant at the 10 per cent level. The dependent variable is the logarithm of turnover per employee. RE stands for random effects, FE stands for fixed 
effects. 
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Table 5b. Labour Productivity (Manufacturing and Services Sectors) 

Dependent variable Log of turnover per employee 

Predicted innovation output Product + process inno. Product + org. inno. Process + org. inno. All types of inno. 
Innovative turnover share 

(RE) 
Innovative turnover share 

(FE) 
Estimator RE FE RE FE RE FE RE FE RE FE RE FE 

Foreign-owned firm 0.477***  0.476***  0.474***  0.482***  0.418***  0.519***  
 (0.045)  (0.045)  (0.045)  (0.045)  (0.050)  (0.048)  

Irish MNE 0.599***  0.607***   0.604***  0.608***  0.581***  0.631***  
 (0.117)  (0.117)  (0.117)  (0.117)  (0.118)  (0.118)  

Domestic exporter 0.235***   0.229***  0.223***  0.238***  0.191***  0.267***  
 (0.034)  (0.035)  (0.035)  (0.034)  (0.037)  (0.035)  

Predicted innovation output 0.182*** 0.279*** 0.163** 0.286*** 0.191*** 0.206** 0.170*** 0.237*** 0.066*** 0.091*** -0.040 0.262* 
 (0.062) (0.075) (0.063) (0.089) (0.063) (0.088) (0.064) (0.077) (0.018) (0.023) (0.028) (0.144) 

Employment -0.020 -0.639***  -0.019 -0.640*** -0.021  -0.636***  -0.017 -0.633*** -0.020 -0.642*** -0.011 -0.588*** 
 (0.017) (0.133)  (0.017) (0.134) (0.017) (0.132) (0.017) (0.133) (0.017) (0.135)  (0.017) (0.143) 

Distance to the GTF -0.189*** -0.114*** -0.188*** -0.113*** -0.188*** -0.114***  -0.189*** -0.114*** -0.189***  -0.114*** -0.191*** -0.103*** 
 (0.006) (0.032) (0.006) (0.032) (0.006) (0.032) (0.006) (0.032) (0.006) (0.031) (0.006) (0.033) 

Foreign entry 0.034*** 0.014 0.034*** 0.014 0.034*** 0.013 0.034*** 0.013  0.035*** 0.013 0.035***  0.011 
 (0.009) (0.022) (0.009) (0.022) (0.009) (0.022)  (0.009) (0.022) (0.009) (0.022) (0.010) (0.022) 

Distance to the GTF * Foreign entry -0.002** -0.002 -0.002** -0.002 -0.002** -0.002 -0.002** -0.002  -0.002** -0.002 -0.002** -0.002 
 (0.001) (0.002) (0.001) (0.002)  (0.001) (0.002) (0.001) (0.002) (0.001) (0.002) (0.001) (0.002) 

Industry fixed effects yes yes yes yes yes yes yes yes yes yes yes yes 
Time fixed effect yes yes yes yes yes yes yes yes yes yes yes yes 

Constant yes yes yes yes yes yes yes yes yes yes yes yes 
Log likelihood -4,787.6 -567.8 -4,788.6 -567.4 -4,787.3 -570.0 -4,788.4 -569.4 -4,785.3 -564.5 -4,791.0 -570.2 

Chi^2 2,266.8  2,264.7  2,267.4  2,265.2  2,271.4  2,260.1  
N 1,456 1,456 1,456 1,456 1,456 1,456 1,456 1,456 1,456 1,456 1,456 1,456 

Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 1.1, 2-digit). *** Significant at the 1 per cent level, ** 
Significant at the 5 per cent level, * Significant at the 10 per cent level. The dependent variable is the logarithm of turnover per employee. RE stands for random effects, FE stands for fixed 
effects. 
 



Table 6. Contribution Accounting for Innovation Output  

 
Any 

type of 
inno. 

Product 
inno. 

Process 
inno. 

Org. 
inno. 

Product 
& 

process 

Product 
& org. 

Process 
& org. 

All 
types 

of inno. 

Inno. 
turnove
r share 

Raw foreign-owned firm – domestic non-
exporter differential 0.34 0.337 0.26 0.291 0.251 0.264 0.242 0.211 1.96 

Adjusted differential 0.329 0.246 0.192 0.237 0.148 0.128 0.139 0.091 1.113 
Fraction of adjusted differential attributed to:        

Predicted innovation intensity -18.8 9.0 -28.4 7.5 -12.0 19.6 12.7 1.6 0.8 
Co-op. with other enterprises 24.5 9.1 35.4 5.1 13.7 7.2 23.2 12.0 14.3 

Co-op. with suppliers 21.4 8.1 12.5 12.8 4.6 9.8 13.0 8.5 11.0 
Co-op. with customers 0.3 9.7 3.0 -1.3 6.0 4.2 -0.1 2.2 8.7 

Co-op. with competitors -1.3 0.0 -0.3 0.9 0.2 0.7 -0.1 0.1 -0.1 
Co-op. with consultants 22.7 5.9 22.9 15.0 7.0 8.9 22.5 11.0 5.1 
Co-op. with universities 9.2 8.4 15.2 12.9 8.6 16.8 21.1 15.4 4.1 
Co-op. with government 10.8 0.2 -1.0 2.6 0.5 0.1 -0.2 0.5 -1.8 

Foreign-owned firm dummy 94.5 50.0 70.8 64.6 54.1 31.3 31.7 33.0 76.5 
          

Raw Irish MNE – domestic non-exporter 
differential 0.163 0.275 0.198 0.08 0.231 0.162 0.145 0.15 1.427 

Adjusted differential 0.059 0.119 0.160 0.006 0.121 0.055 0.067 0.057 0.407 
Fraction of adjusted differential attributed to:        

Predicted innovation intensity -86.9 15.4 -28.2 244.0 -12.1 37.7 21.9 2.1 1.8 
Co-op. with other enterprises 33.2 4.6 10.3 48.5 4.1 4.1 11.7 4.7 9.5 

Co-op. with suppliers 49.5 6.9 6.2 208.8 2.3 9.5 11.2 5.6 12.5 
Co-op. with customers 1.0 12.9 2.3 -32.4 4.7 6.3 -0.1 2.3 15.3 

Co-op. with competitors 1.9 0.0 0.1 -9.5 -0.1 -0.4 0.1 0.0 0.1 
Co-op. with consultants 105.7 10.3 22.9 495.9 7.1 17.4 39.0 14.6 11.6 
Co-op. with universities 29.1 9.8 10.3 287.0 6.0 22.0 24.8 13.9 6.3 
Co-op. with government 43.0 0.2 -0.9 74.1 0.4 0.1 -0.4 0.6 -3.6 

Irish MNE dummy 137.3 87.4 101.3 100.0 107.4 70.9 64.2 87.7 104.7 
          

Raw domestic exporter – domestic non-
exporter differential 0.258 0.279 0.199 0.24 0.206 0.233 0.208 0.187 1.718 

Adjusted differential 0.302 0.224 0.237 0.268 0.159 0.184 0.213 0.136 0.872 
Fraction of adjusted differential attributed to:        

Predicted innovation intensity -12.3 5.9 -13.8 4.0 -6.7 8.2 5.0 0.7 0.6 
Co-op. with other enterprises 3.2 1.2 3.5 0.5 1.6 0.6 1.8 1.0 2.2 

Co-op. with suppliers 13.9 5.3 6.0 6.7 2.6 4.1 5.0 3.4 8.4 
Co-op. with customers 0.2 7.9 1.8 -0.8 4.1 2.2 0.0 1.1 8.2 

Co-op. with competitors -0.5 0.0 -0.1 0.3 0.1 0.2 0.0 0.0 -0.1 
Co-op. with consultants 16.6 4.4 12.4 8.9 4.3 4.2 9.8 4.9 4.4 
Co-op. with universities 5.1 4.7 6.2 5.8 4.1 5.9 7.0 5.2 2.7 
Co-op. with government 13.7 0.2 -0.9 2.7 0.5 0.1 -0.2 0.4 -2.7 

Domestic exporter dummy 95.0 70.1 93.7 78.0 74.8 64.7 71.4 64.0 93.0 
 
Notes: Figures shown in this tables are percentages. This table combines the marginal effects from Tables 4a and 4b with the sample 
mean from Table 2 to show the contributions of foreign linkages, the differentials in the knowledge flows and the predicted innovation 
intensity to the differentials between each three types of firms with foreign linkages and the domestic non-exporters in terms of 
innovation output. In each of the three sections in this table, the “raw” differential in innovation output is calculated directly from 
Table 2. The “adjusted” differential in innovation output is the marginal effect of each foreign linkage estimated in a simplified model 
(see Tables A2a and A2b) with only controls of size, industry fixed effects and year fixed effects. Each percentage indicates the 
contribution of differentials in the predicted innovation intensity or co-operations to the “adjusted” differential in innovation output. 
The percentage of each foreign linkage dummy shows the contribution from The percentage of each foreign linkage dummy shows the 
contribution from each linkage per se. See Section 4 for details. Bold figures are the adjusted differentials that are statistically 
significant in the simplified models, or the percentages of contributions that are related to a coefficient which is statistically 
significant. Non-bold figures are either related to non-significant coefficients, or related to non-significant adjusted differentials. 

 
 



    

 30

 
 

Table 7. Contribution accounting for Productivity  

 
Any 

type of 
inno. 

Product 
inno. 

Process 
inno. 

Org. 
inno. 

Product 
& 

process 

Product 
& org. 

Process 
& org. 

All 
types of 

inno. 

Inno. 
turnover 

share 
Raw foreign-owned firm – 
domestic non-exporter 
differential 

0.8661 0.8661 0.8661 0.8661 0.8661 0.8661 0.8661 0.8661 0.8661 

Adjusted differential 0.724 0.724 0.724 0.724 0.724 0.724 0.724 0.724 0.724 
Fraction of adjusted differential attributed to:        

Predicted innovation output 5.7 8.3 7.2 8.6 7.4 7 7.3 5.4 20.1 
Distance to the GTF 61.3 61 61.3 61 61.3 61 40.2 61.3 61.3 

Foreign-owned firm dummy 65.2 64.6 65.5 63.3 65.9 65.7 71.3 66.6 57.7 
          

Raw Irish MNE – domestic 
non-exporter differential 0.9256 0.9256 0.9256 0.9256 0.9256 0.9256 0.9256 0.9256 0.9256 

Adjusted differential 0.847 0.847 0.847 0.847 0.847 0.847 0.847 0.847 0.847 
Fraction of adjusted differential attributed to:        

Predicted innovation output 3.6 5.3 7.7 4.1 8.2 5.9 6.4 5.1 14.5 
Distance to the GTF 40.5 39.8 40.5 40.2 40.5 40.2 40.2 40.5 40.5 

Irish MNE dummy 71.3 70.6 70.2 71.9 70.7 71.7 71.3 71.8 68.6 
          

Raw domestic exporter – 
domestic non-exporter 
differential 

0.3767 0.3767 0.3767 0.3767 0.3767 0.3767 0.3767 0.3767 0.3767 

Adjusted differential 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 
Fraction of adjusted differential attributed to:        

Predicted innovation output 16 18 22.4 26 19.8 20.8 24.5 15.7 51.4 
Distance to the GTF 38.2 37.6 38.2 38 38.2 38 38 38.2 38.2 

Domestic exporter dummy 96.3 95.4 94.6 88.8 97.9 95.4 92.9 99.2 79.2 
 
Notes: Figures shown in this table are percentages. This table combines the marginal effects from Tables 5a and 5b with the sample 
mean from Table 2 to show the contributions of foreign linkages, the differentials in the predicted innovation output and the distance to 
the global technological frontier to the differentials between each three types of firms with foreign linkages and the domestic non-
exporters in terms of labour productivity. In each of the three sections in this table, the “raw” differential in labour productivity is 
calculated directly from Table 2. The “adjusted” differential in labour productivity is the marginal effect of each foreign linkage 
estimated in a simplified model (see Tables A3a and A3b) with only controls of size, industry fixed effects and year fixed effects. Each 
percentage indicates the contribution of differentials in the predicted innovation output or the distance to the GTF to the “adjusted” 
differential in labour productivity. The percentage of each foreign linkage dummy shows the contribution from each linkage per se. See 
Section 4 for details. Bold figures are the adjusted differentials that are statistically significant in the simplified models, or the 
percentages of contributions that are related to a coefficient which is statistically significant. Non-bold figures are either related to non-
significant coefficients, or related to non-significant adjusted differentials. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 
Table A1. Variables Definitions and Sources 

Variable Definition Source 
1. Foreign linkages   

Foreign-owned firm Dummy variable indicating whether a  firm is foreign owned (1) or not (0). CIS 

Irish multinational enterprise (MNE)  Dummy variable indicating whether a non-foreign-owned firm has subsidiary(ies) located in 
countries other than Ireland (1) or not (0) 

CIS and 
Amadeus 

Domestic exporter Dummy variable indicating whether  non-foreign-owned firm exports to Northern Ireland, the UK or 
other countries (1) or not (0) CIS 

2. Innovation input   
Engagement in in-house R&D Dummy variable indicating whether a firm reported a positive value of in-house R&D expenditure 

(1) or not (0) CIS 

In-house R&D expenditure per employee The ratio of in-house R&D expenditure in constant prices over the number of employees.  CIS 

Engagement in innovation Dummy variable indicating whether a firm reported a positive value of total innovation expenditure 
(1) or not (0) CIS 

Innovation expenditure per employee The ratio of innovation expenditure in constant prices over the number of employees  CIS 
3. Innovation output   

Any type of innovation Dummy variable indicating whether a firm reports having any type of innovation, namely product, 
process or organizational innovation (1) or not (0) CIS 

Product innovation Dummy variable indicating whether a firm reports having product innovation (1) or not (0)  CIS 
Process innovation Dummy variable indicating whether a firm reports having process innovation (1) or not (0) CIS 
Organizational innovation Dummy variable indicating whether a firm reports having organizational innovation (1) or not (0) CIS 
Share of innovative turnover  Percentage of turnover of innovative products in total turnover CIS 

4. Knowledge flows   
Co-operation with other enterprises within the same enterprise group Dummy variable indicating whether a firm co-operated with other enterprises within the same 

enterprise group (1) or not (0) CIS 

Co-operation with suppliers Dummy variable indicating whether a firm co-operated with suppliers of equipment, material, 
components or software (1) or not (0) CIS 

Co-operation with customers Dummy variable indicating whether a firm co-operated with clients or customers (1) or not (0) CIS 

Co-operation with competitors Dummy variable indicating whether a firm co-operated with competitors or other enterprises in the 
same sector (1) or not (0) CIS 

Co-operation with consultants Dummy variable indicating whether a firm co-operated with consultants, commercial labs or private 
R&D institutes (1) or not (0) CIS 

Co-operation with universities Dummy variable indicating whether a firm co-operated with universities or other higher education 
institutions (1) or not (0) CIS 

Co-operation with government Dummy variable indicating whether a firm co-operated with government or public research institutes 
(1) or not (0) CIS 

5. Other firm and industry characteristics   
Labour productivity Turnover per employee in constant prices  CIS 
Employees Number of employees CIS 

Distance to the global technological frontier 

Absolute difference between the turnover per employee of a firm in the CIS and the global 
technological frontier (GTF). GTF is obtained from the OECD. It is computed by pooling firms from 
17 OECD countries. It is the turnover in constant prices per employee of the 90 percentile of global 
firms. It is available at NACE 2 or 3-digit level.    

CIS and 
OECD 

Foreign entry Share of the number of employees of foreign-owned entrants in the number of employees of total 
entrants in each year at NACE 2-digit level.  ABSEI 



Table A2a. Innovation Output (Manufacturing and Services Sectors) 
Dependent variable Any type of inno. Product inno. Process inno. Organizational inno. 

Estimator RE Probit RE Probit RE Probit RE Probit 
Foreign-owned firm 0.329*** 0.246*** 0.192*** 0.237*** 

 (0.036) (0.047) (0.036) (0.034) 
Irish MNE 0.059 0.119 0.160* 0.006 

 (0.091) (0.086) (0.085) (0.058) 
Domestic exporter 0.302*** 0.224*** 0.237*** 0.268*** 

 (0.030) (0.038) (0.030) (0.028) 
Employment 0.122*** 0.062*** 0.086*** 0.062*** 

 (0.015) (0.015) (0.013) (0.010) 
Industry fixed effects yes yes yes yes 

Time fixed effect yes yes yes yes 
Constant yes yes yes yes 

Log likelihood -2350.4 -2172.0 -2360.5 -2480.8 
Chi^2 352.2 323.7 285.3 321.3 

N 1,456 1,456 1,456 1,456 
Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 1.1, 2-
digit). *** Significant at the 1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent level. The dependent 
variables are either binary variables, or the logit transformed share of innovative turnover. RE stands for random effects.  
 
 

Table A2b. Innovation Output (Manufacturing and Services Sectors) 

Dependent variable 
Product + process 

inno. Product + org. inno. Process + org. inno. All types of inno. 
Share of innovative 

turnover  
Estimator RE Probit RE Probit RE Probit RE Probit RE 

Foreign-owned firm 0.148*** 0.128*** 0.139*** 0.091*** 1.113*** 
 (0.041) (0.034) (0.031) (0.031) (0.139) 

Irish MNE 0.121 0.055 0.067 0.057 0.407 
 (0.074) (0.045) (0.058) (0.045) (0.349) 

Domestic exporter 0.159*** 0.184*** 0.213*** 0.136*** 0.872*** 
 (0.038) (0.038) (0.031) (0.035) (0.114) 

Employment 0.030*** 0.024*** 0.046*** 0.016** 0.205*** 
 (0.010) (0.008) (0.010) (0.006) (0.050) 

Industry fixed effects yes yes yes yes yes 
Time fixed effect yes yes yes yes yes 

Constant yes yes yes yes yes 
Log likelihood -1792.7 -1917.4 -2109.1 -1640.1 -9871.7 

Chi^2 245.1 260.6 251.1 215.9 475.8 
N 1,456 1,456 1,456 1,456 1,456 

Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 1.1, 2-digit). 
*** Significant at the 1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent level. The dependent variables are 
either binary variables, or the logit transformed share of innovative turnover. RE stands for random effects.  
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Table A3. Labour Productivity (Manufacturing and Services Sectors) 

Dependent variable Log of turnover per employee 
Predicted innovation output Any type of inno. 

Estimator RE 
Foreign-owned firm 0.724*** 

 (0.057) 
Irish MNE 0.847*** 

 (0.161) 
Domestic exporter 0.240*** 

 (0.039) 
Employment -0.043* 

 (0.023) 
Industry fixed effects yes 

Time fixed effect yes 
Constant yes 

Log likelihood -5610.7 
Chi^2 620.6 

N 1,456 
Notes: Figures reported in the table are marginal effects. Standard errors in parentheses are clustered at industry level (NACE rev. 1.1, 2-digit). 
*** Significant at the 1 per cent level, ** Significant at the 5 per cent level, * Significant at the 10 per cent level. The dependent variable is the 
logarithm of the turnover per employee. RE stands for random effects. 

 
 
 


