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The Effects of the Internationalisation of Firms on Innovation and
Productivity

1 Introduction

The international trade and investment literature has established that firms with
international linkages have a higher productivity in comparison to firms that serve only the
domestic markets. 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 Gorg, 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. A large empirical
literature has found a positive link between innovation investment, innovation output and
productivity at firm level (Crépon et al, 1998; Griffith et al, 2006). However, these studies
do not distinguish between firms with international linkages and firms that serve only the
domestic market. This paper aims to contribute to filling this gap by linking the
productivity of firms with international linkages to their innovation performance. To

capture international linkages we consider foreign investment and exporting.

In particular, we ask the following research questions. Are firms with international linkages
more productive? Are firms with international linkages more likely to invest in innovation
and do they have a higher innovation expenditure intensity? Do firms with international

linkages innovate more than firms serving only the domestic market?



To answer these questions we estimate an augmented structural model which builds on and
expands previous research by Crépon et al. (1998) and Griffith et al. (2006). This approach
allows us to account for the role of international linkages in explaining the innovation and
productivity performance of firms in Ireland. In contrast with these two studies that are
based on cross sectional data, we use panel data from two waves of the Community
Innovation Survey for Ireland for the period 2004 — 2008. The panel data allow 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.
In this way, we can account for the selection bias which arises from the fact that 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 Crépon et al. (1998) and Griffith et al. (2006)
in two ways. First, we add to the model explanatory variables which capture international
linkages. In particular, we estimate whether and to what extent foreign affiliates 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
(product, process and organisational innovation) as well as complementarities among them.
We use improved econometric panel techniques and account for three econometric issues:
(1) selection bias due to the fact that the set of firms which report innovation investment
might be non-random; (ii) endogeneity, due to innovation investment, innovation output

and productivity being endogenously determined; and (iii) omitted variable bias.

Our research relates to Criscuolo et al (2010) who estimate a knowledge production
function to analyse the role of global engagement on the innovation performance of firms in
the United Kingdom using data from two waves the CIS survey over the period 1994-2000.
In contrast to Criscuolo et al (2010), we model in addition to knowledge production two
additional stages which are part of the innovation behaviour of firms: the decision to invest
in innovation and the effect of innovation output on productivity. Castellani and Zanfei
(2007) show that firms with international linkages in Italy had better productivity and
innovation performance in comparison to purely domestic firms. However, they use cross-

sectional data and cannot account for the fact that productivity and innovation output may



be simultaneously determined. Finally, our analysis goes beyond Doran et al. (2010) who
use cross-sectional data from the Community Innovation Survey for Ireland over the period
2004-2006 to estimate the relationships between innovation investment, innovation output

and productivity without modelling the role of international linkages.

Our key findings are as follows. Foreign owned firms and domestic exporters were more
likely to invest in innovation and furthermore, they were more likely to be more successful
in terms of innovation output (product, process, and organisational innovations) and higher
productivity than firms that served only the Irish market. Innovation output was positively
associated with labour productivity over and above other determinants such as foreign
linkages, firm size as well as unobserved industry, firm and time specific effects.
Innovation expenditure intensity was not significantly associated with innovation output
over and above other determinants such as international linkages, firm size, external
knowledge flows, as well as unobserved industry, firm and time specific effects. For all
types of innovations, knowledge flows from co-operations with suppliers, with consultants,
commercial labs or private R&D institutes, and with universities or other higher education
institutions were positively associated with innovation output over and above other
determinants. Co-operation with other enterprises from the same group was positively
associated with product and process innovation. Co-operation with customers was
positively associated with product innovation. We find both similarities and differences in
the relationships between innovation investment, innovation output and productivity for

manufacturing and services, and for technological and non-technological innovation.

The rest of the paper is organised as follows. Section 2 discusses our empirical
methodology and econometric issues. 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 final output.
This model consists of the following equations:

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

1) vy, = Xm'ﬂ+ﬂj U+,

where vy, is an unobserved latent variable measuring the predicted utility of engaging in

innovation, x_ is a vector of firm-level characteristics, £ is the related vector of
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coefficients, 1 j is a vector of industry fixed effects, 44 is a vector of time fixed effects and
&, , the error term.

it »

To account for the fact that we only observe what the firms report as innovation effort, we
estimate the following selection equation which describes the propensity of firms to invest

in innovation:
Lify, =X, B+, +u+&,>a
. * !
0 ify, =X, B+4;+ 1 +&,<a
where Y, i1s the observed innovation expenditure.

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

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

maximum likelihood assuming that ¢, and ¢, are bivariate normal with zero mean,

. . . 1
variances o> =1and 0; and the correlation coefficient p,, "

Further, we estimate the following knowledge production function (innovation output):
L) ,
4) Z; = f (Wit y+t X3it5+ ij T a)it)

The latent innovation input QI; enters the above equation as an explanatory variable,
together with other firm-level characteristics collected inX, as well as time-invariant

unobserved industry (4,), and individual firm specific effects (77) and common time

specific effects (4, ). Since %,’; is predicted by equations (2) and (3) for all firms, we are

able to recover the expenditures for those firms that do not report positive expenditures, and
hence (4) is estimated for all firms in the sample. This procedure allows the estimates 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 the endogeneity arising
from the fact that innovation investment and innovation output may be determined
simultaneously. 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 Cobb-Douglas production function with constant returns

to scale:
) ﬂ-it:g;ta+xé’t¢+lj+ﬂt+77i+uit

7, denotes turnover per worker in firm 1 at time t. git

is the predicted probability of having

any type of innovation or the predicted innovation output. For a similar reason as argued for

' See Heckman (1979) and Cameron and Trivedi (2005) for more details. We use the STATA —Heckman
procedure to estimate the model.



using predicted innovation input, potential endogeneity of innovation output is also

reduced?.

The model is estimated as a recursive system consisting of equations (2), (3), (4) and (5).
Given that not all firms are surveyed in both periods we estimate weighted regressions,
with weights calculated 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
two-digit industry level.

3 Data, Variables and Summary Statistics

We use data from two waves the Irish Community Innovation Survey (CIS), namely CIS
2006 and CIS 2008. This survey is part of a harmonized framework across EU countries
coordinated by Eurostat, for the purpose of investigating the innovation performance of
firms, and providing a cross-country comparison. CIS 2006 and CIS 2008 were jointly
conducted by Forfas and the Central Statistics Office (CSO) of Ireland in 2006 and 2008.
For these two surveys, information on 1,974 and 2,181 firms, respectively, were obtained
separately, yielding 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 2006
to 2008.% All firms appearing in both surveys are used to construct a balanced panel of two

time points, made up of 723 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

? Firm-level data on capital stocks are not available to us from the CIS surveys or another firm-level datasets.
3 For more information about the CIS data see Forfas (2006, 2008 and 2009).



are asked whether they have introduced product, process or organisational innovation, or
have on-going innovation or abandoned innovation during a previous three-year period.
Only those firms that had successful, on-going or abandoned innovation activities (termed
as innovators) were asked to answer more questions in relation to their R&D and other
innovation expenditures, and co-operation for innovation activities with other enterprises or
institutions over the three-year period. Information on ownership, turnover and the number
of employees were added to the dataset from other surveys conducted by Forfas and the

CSO.
3.1  Dependent Variables

In equation (2) the dependent variable is innovation input. We construct four alternative
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 to
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. In equation (3) the dependent variable is the intensity of
innovation input. We use two continuous variables to measure this intensity, i.e. R&D
expenditures or innovation expenditures per employee. They are expressed in 2004 prices.
To deflate the monetary values we use producer price indices at industry level for

manufacturing and the GDP deflator for services”.

In equation (4) the dependent variable is innovation output. We construct nine alternative
measures of innovation output. Three of them are dummy variables indicating whether a
firm had product, process or organisational innovation. Based on these three variables, we
derive another five dummy variables by generating different combinations of the 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

4 . . .
The results do not change when we use the consumer price index for services



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 as turnover in

constant prices divided by the number of employees.
3.2  Explanatory Variables

Since the primary objective of this study is to investigate the effects of the
internationalisation of firms on innovation input, innovation output and productivity, we
construct two variables to account for international linkages. In the CIS questionnaire, all
firms are asked to report whether they are part of 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 countries of the world. With this information, we can group the firms
into two broad categories: foreign-owned firms if they are in an enterprise group and its
head office is located in countries other than Ireland’, and the rest of firms are domestic
firms. The 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. Firms that

serve only the domestic market are the reference group in our analysis.

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), and the
distance to the global technology frontier (GTF). The distance to the GTF is the absolute
difference between the turnover per employee of a firm in the CIS and the global
technology frontier (GTF).® The measure of the GTF is computed by pooling data on firms
from 17 OECD countries. It is the turnover per employee of the 90 percentile of global

> The information provided in the Community Innovation Survey allows us to identify whether or not a firm is
foreign-owned. However there is no information on the share of foreign ownership in a firm.

% In most cases Irish firms had a lower labour productivity than the GTF. Following common practice, the
difference is set to be zero in the remaining cases.



firms in constant 2004 prices. It is available at NACE two- or three-digit level. The
logarithm of the distance to GTF enters equation (2). In addition, we control for unobserved
industry fixed effects and year fixed effects by including industry dummies’ and a year
dummy for 2008. Detailed definitions and data sources for each variable are given in Table

A1l in the Appendix.

We have 723 firms in the panel sample and these can be categorised in terms of
international and domestic linkages as follows: 245 foreign-owned firms (34 per cent), 282

domestic exporters (39 per cent) and 196 domestic non-exporters (27 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
industries and the service sector covers NACE 50 to NACE 74 industries. All 23
manufacturing industries are represented in the panel sample. Food products and beverages
accounts for the highest share, eight per cent, followed by Manufacture of chemicals and
chemical products, with five per cent. For the service sector, there are no firms represented
in the following industries: sale, maintenance and repair of motor vehicles and motorcycles;
retail sale of automotive fuel; retail trade, except of motor vehicles and motorcycles; repair
of personal and household goods; hotels and restaurants; real estate activities; renting of

machinery and equipment; research and development.
3.3  Summary Statistics

Tables 2A, 2B and 2C report summary statistics for foreign-owned, domestic exporters and
domestic non-exporters for all firms, and for manufacturing and services firms respectively.
With respect to innovation inputs, on average, 30.8 per cent of all firms report positive
spending on in-house R&D. The average R&D expenditure per employee in 2004 prices
was €2,723. Foreign-owned firms had the highest propensity to invest in innovation as well
as innovation expenditure intensity, while domestic non-exporters had the lowest figures, as
expected. The share of all firms reporting innovation expenditure was 44.5 per cent and the

intensity of innovation expenditures was more than twice that of in-house R&D

7 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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expenditures. These descriptive statistics suggest that a large portion of innovation
expenditures was spent on obtaining external knowledge, such as purchase of external

R&D, acquisition of machinery, equipment and software and other external knowledge.

Turning to innovation output, we find that the shares of firms having different types of
innovation output range from 22.8 per cent to 64.7 per cent, while, on average, the share of
innovative turnover is ten per cent. Again foreign-owned firms had the best innovation
performance. It is noteworthy that while 64.7 per cent of firms indicated that they had
innovation output (any innovation type), only 44.5 per cent of firms report innovation
expenditures. This fact can be explained by two situations: (i) innovation output in a
number of firms, in particular foreign-owned firms, uses knowledge produced outside
Ireland; (i) some firms tend not to report innovation expenditure if this was below a certain

threshold as suggested by Griffith et al. (2006).

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, 24.7 per cent. This can be seen as evidence of the advantage of
being in an international enterprise group, in terms of giving a firm more chance to access
external knowledge. In comparison, lower proportions of domestic firms co-operate with
enterprises within the same group. Foreign-owned firms rank first with respect to all the
other external knowledge flows with the exception of government sourced knowledge.
Overall, firms with international linkages are much more likely to engage in some co-

operation, compared with domestic non-exporters.

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

technology frontier than other types of firms.
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4 Estimation Results
4.1 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
the impact of international linkages, employment and the distance to the GTF on the
innovation propensity and the intensity of innovation expenditure with some differences in
terms of magnitude and significance level. Table 3 shows the results obtained for
innovation expenditure.® The figures reported for each explanatory variable are marginal
effects evaluated at the median so as to give them straightforward economic meaning. In
column 1, the propensity of investing in innovation appears positively associated with
foreign-owned firms and domestic exporters. More specifically, on average, in comparison
to firms that served only the Irish market, foreign-owned firms were more likely to invest in
innovation by 13 percentage points and domestic exporters by 23 percentage points,
respectively. In addition, in line with the relevant literature we find that the propensity to
invest in innovation increased with firm size and proximity to the global technology
frontier. With respect to obstacles to innovation investment, we find that perceived high
costs of innovation were negatively related to the propensity of firms to invest in
innovation, while the need to meet government regulations acted as an incentive to engage
in innovation. Further, foreign-owned firms had a significantly higher innovation
expenditure intensity in comparison to firms that served only the domestic market. A one
per cent reduction of the distance to the technology frontier was associated with a 7.5 per

cent higher innovation expenditure intensity.

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

We predict the intensity of innovation expenditure from equation (3) and use it in equation
(4) to estimate innovation output. To avoid selection bias we estimate equation (4) for all
firms (innovators and non-innovators). We account for unobserved firm heterogeneity by
employing random effects estimators’. The results are reported in Tables 4A and 4B. In
Table 4A, each column shows the estimates of a probit model for different types of
innovation output. In comparison to firms serving only the domestic market, foreign-owned
firms and domestic exporters were more likely to have innovation output. On average,
foreign-owned firms were more likely to have any type of innovation by 28 percentage
points and domestic exporters by 24 percentage points. With respect to different types of
innovation, the highest effects were for product innovation in the case of foreign-owned
firms, while in the case of domestic exporters the highest effect was for organisational
innovation. It appears that, with the exception of organisational innovation'®, innovation
expenditure intensity had no significant effect on the innovation output over and above
other determinants such as international linkages, firm size and external knowledge flows,
as well as unobserved industry, firm and time specific effects''. For all types of innovation,
knowledge flows from co-operations with suppliers, with consultants, commercial labs or
private R&D institutes, and with universities or other higher education institutions were
positively associated with innovation output over and above other determinants. Co-

operation with customers was positively associated with product 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 column reports
estimates of regressions using a continuous measure of innovation, the share of innovative

turnover. These results are broadly qualitatively similar to those reported in Table 4B.

? Given the limited time variation of our variables the assumption of random individual effects is appropriate
' On average, the marginal effect of innovation expenditure intensity on the probability of organisational
innovation is 0.057 and is significant at the 10 per cent level.

"' The partial correlation between innovation expenditure intensity and innovation output is positive for all
types of innovation, with the exception of process innovation. These estimates are available from the authors
upon request.
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4.3 Productivity

In the last stage of the estimated model we explain labour productivity as a function of
predicted innovation output, foreign linkages and control for labour input, as well as
unobserved industry and time specific effects. The estimates are shown in Table 5. Labour
productivity in firms with international linkages was higher in comparison to firms serving
only the domestic market. Further, we uncover a positive link between innovation output
and labour productivity for all types of innovation. The effect of the innovation output on
productivity is the highest in the case of organisational innovation. These results are in line
with other studies. 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
organisational innovation. Polder et al. (2010) find that only organisational innovation
contributes to labour productivity alone, while product and process innovation have to be

combined with organisational innovation to have positive effects on labour productivity.

Further, we allow for heterogeneous effects for manufacturing and services. Tables 6-8
report the estimates for manufacturing firms and Tables 9- 11 show the estimates for firms
in services. We find both similarities and differences in the relationships between
innovation investment, innovation output and productivity for firms in manufacturing and

services.

Similarities for firms in manufacturing and services could be summarized as follows.
Domestic exporters were more likely to invest in innovation in comparison to firms which
served only the Irish market. Propensity to invest in innovation increased with firm size.
Innovation expenditure intensity was not significantly associated with innovation output
over and above other determinants. There was a positive link between innovation output
and labour productivity for all types of innovations. Foreign-owned firms and domestic

exporters were more productive than firms serving only the Irish market.

It appears that firms in manufacturing and services had a different behaviour with respect to
the relationships between innovation investment, innovation output and productivity. While
foreign owned firms in manufacturing were more likely to invest in innovation we find no
significant link in the case of services. While more productive firms in services were more

likely to invest in innovation, there was no significant link in the case of manufacturing.
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Perceived obstacles to invest in innovation for manufacturing firms were high innovation
costs and excessive risks. In contrast, there was no significant effect of the analysed
obstacles in the case of services firms. While external knowledge flows played an important
role on the innovation performance of firms in manufacturing, they appear less important in
the case of firms in services. For example, while knowledge flows from universities were
positively associated with all types of innovation output in manufacturing firms, we find no
significant effect in services firms. Product innovation in manufacturing was positively
associated with knowledge flows from customers and universities; in services, product
innovation was associated with knowledge flows from other enterprises within the same
group; from suppliers; from customers; from consultants, commercial labs and private
R&D; Organisational innovation in manufacturing was positively associated with
knowledge flows from suppliers, from consultants and from universities. In contrast, there
was no significant effect of knowledge flows on organisational innovation in the case of

services.

5 Conclusions

This paper examines the effects 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 the following key findings. Foreign affiliates and
domestic exporters were more likely to invest in innovation and furthermore, they were
more likely to be more successful in terms of innovation output (product, process, and
organisational innovations) and higher productivity than firms that served only the Irish
market. Innovation output was positively associated with labour productivity over and
above other determinants such as foreign linkages, firm size as well as unobserved industry,
firm and time specific effects. With the exception of organisational innovation, innovation

expenditure intensity was not significantly associated with innovation output over and
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above other determinants such as international linkages, firm size and external knowledge
flows, as well as unobserved industry, firm and time specific effects. For all types of
innovations, knowledge flows from co-operations with suppliers, with consultants,
commercial labs or private R&D institutes, and with universities or other higher education
institutions were positively associated with innovation output over and above other
determinants. Co-operation with customers was positively associated with product
innovation. We find both similarities and differences in the relationships between
innovation investment, innovation output and productivity for manufacturing and services,

and for technological and non-technological innovation.

Our research results suggest a number of policy implications. First, enabling the
internationalisation of firms via foreign direct investment and exporting could foster
innovation and productivity. Second, fostering co-operation with other enterprises and
institutions is an important way to source knowledge in order to generate innovation output.
Third, innovation expenditure per se does not translate into innovation output. It appears
that in the case of Ireland, access to international markets and to external knowledge played
a bigger role in the innovation performance of firms in comparison to investment in
innovation. However, there might be lagged effects of innovation investment on the
innovation output which are not captured in this analysis due to data limitations.
Furthermore, our results might reflect innovation failures and the lack of absorptive
capacity. Fourth, our findings suggest that policy measures to foster innovation need to take
account of the different innovation behaviour of firms in manufacturing and services. Fifth,
given the increased internationalisation of production as well as of innovation and R&D

activities, innovation policies need to be designed in an international context.
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Table 1. Distribution of Firms by Industry

CIS 2006 and CIS 2006 and
2008 2008
Full Sample Panel Sample
.. . NACE
NACE 2-digit Industry Description Code Number Percent Number Percent
Manufacture of food products and beverages 15 268 6.62 58 8.02
Manufacture of tobacco products 16 4 0.10 2 0.28
Manufacture of textiles 17 37 0.91 7 0.97
Manufacture of wearing apparel; dressing and dyeing of fur 18 27 0.67 8 1.11
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 90 222 20 2.77
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 4.29
Manufacture of coke, refined petroleum products and nuclear fuel 23 4 0.10 1 0.14
Manufacture of chemicals and chemical products 24 139 343 34 4.70
Manufacture of rubber and plastic products 25 101 2.50 17 2.35
Manufacture of other non-metallic mineral products 26 100 2.47 18 2.49
Manufacture of basic metals 27 39 0.96 12 1.66
Manufacture of fabricated metal products, except machinery and equipment 28 206 5.09 31 4.29
Manufacture of machinery and equipment n.e.c. 29 136 3.36 27 3.73
Manufacture of office machinery and computers 30 33 0.82 6 0.83
Manufacture of electrical machinery and apparatus n.e.c. 31 62 1.53 16 2.21
Manufacture of radio, television and communication equipment and apparatus 32 40 0.99 12 1.66
Manufacture of medical, precision and optical instruments, watches and clocks 33 96 2.37 30 4.15
Manufacture of motor vehicles, trailers and semi-trailers 34 38 0.94 7 0.97
Manufacture of other transport equipment 35 22 0.54 7 0.97
Manufacture of furniture; manufacturing n.e.c. 36 141 3.48 10 1.38
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 20.56 140 19.36
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 3.18
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 3.32
Post and telecommunications 64 75 1.85 11 1.52
Financial intermediation, except insurance and pension funding 65 140 3.46 26 3.60
Insurance and pension funding, except compulsory social security 66 56 1.38 22 3.04
Activities auxiliary to financial intermediation 67 133 3.29 33 4.56
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 4.98
Research and development 73 1 0.02 0 0.00
Other business activities 74 297 7.34 33 4.56
Sum 4,047 100.00 723 100.00
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Table 2A. Summary Statistics of the Panel Sample: Manufacturing and Services

CIS 2006 and 2008

Innovators and non-innovators

Types of firms All firms Foreign-owned firms Domestic exporters noli-oet;[:;ztrlti: s
N=723 N=245 N=282 N=196
1. Innovation input
Engagement in in-house R&D (per cent) 30.8 39.1 38.8 8.9
In-house R&D expenditure per employee (euro in 2004 price) 2,722.7 4,915.5 2,504.6 307.3
Engagement in innovation (per cent) 44.5 53.0 523 22.9
Innovation expenditure per employee (euro in 2004 price) 6,953.3 12,405.1 5,484.8 2,277.5
2. Innovation output
Any type of innovation (per cent) 64.7 77.3 68.6 433
Product innovation (per cent) 41.6 53.0 473 19.3
Process innovation (per cent) 41.6 50.9 45.0 24.9
Organisational innovation (per cent) 47.0 57.3 51.2 28.2
All types of innovation (per cent) 22.8 29.4 27.1 8.4
Product and process innovation (per cent) 27.6 36.0 31.9 10.9
Product and organisational innovation (per cent) 29.3 37.8 344 11.5
Process and organisational innovation (per cent) 31.5 39.5 35.8 15.3
Innovative turnover share (per cent) 10.0 13.4 11.8 3.1
3. Knowledge flows
Other enterprises within the same enterprise group (per cent) 11.6 24.7 6.0 33
Suppliers (per cent) 12.7 18.8 12.9 4.8
Clients or customers (per cent) 10.4 15.1 11.7 2.5
Competitors (per cent) 4.1 5.5 3.7 2.8
Consultants, commercial labs or private R&D institutes (per cent) 8.3 12.3 9.2 2.0
Universities or other higher education institutions (per cent) 8.2 13.9 8.0 1.5
Government or public research institutes (per cent) 4.6 5.7 6.4 0.8
4. Hampering factors

Lack of internal funds 13.8 10.4 17.9 12.0
Lack of external funds 8.7 5.1 11.9 8.7
Costs too high 11.2 8.4 14.2 10.4
Lack of qualified personnel 7.1 6.1 9.0 5.6
Lack of technology information 2.8 1.6 39 2.8
Lack of market information 3.7 1.4 6.6 2.3
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Difficult to find co-operation partners 3.7 2.5 5.0 3.6

Market dominated by incumbents 13.9 1.4 15.8 10.7
Uncertain demand 11.6 8.8 15.2 9.9
Need to meet government regulation 8.9 7.6 8.3 11.2
Excessive risk 6.8 5.3 8.5 6.4
5. Other firm characteristics
Labour productivity (turnover per employee, 2004 prices) 738,219.0 1,430,688.0 459,804.0 276,155.2
Employees 153.3 238.9 130.9 79.1
Distance to the global technological frontier ( 2004 prices) 388,135.1 308,074.8 372,095.2 510,771.0

Notes: Innovators are firms that report having at least one of the following types of innovation among product, process or organisational innovation. Firms reporting no innovation are
considered non-innovators. Types of firms include: foreign-owned firms (as indicated in the original survey), domestic exporters (non-foreign-owned firms that export to Northern Ireland, the
UK, the EU or other countries in the world) and domestic non-exporters (non-foreign-owned firms that do not export).
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Table 2B. Summary Statistics of the Panel Sample: Manufacturing

CIS 2006 and 2008

Innovators and non-innovators

Types of firms All firms Foreign-owned firms Domestic exporters no]r?f)er)?re)(s)trltcers
N=366 N=139 N=159 N=68
1. Innovation input
Engagement in in-house R&D (per cent) 44.1 53.2 49.7 12.5
In-house R&D expenditure per employee (2004 prices) 3363.4 5354.9 2753.7 717.8
Engagement in innovation (per cent) 56.1 67.3 59.4 25.7
Innovation expenditure per employee (2004 prices) 9263.8 14445.9 6263.3 5640.1
2. Innovation output
Any type of innovation (per cent) 69.3 81.3 71.1 40.4
Product innovation (per cent) 48.9 59.4 52.2 19.9
Process innovation (per cent) 49.2 583 50.3 279
Organisational innovation (per cent) 48.1 57.6 51.3 21.3
All types of innovation (per cent) 27.7 34.5 29.9 8.8
Product and process innovation (per cent) 343 41.7 36.8 13.2
Product and organisational innovation (per cent) 33.7 41.4 37.4 9.6
Process and organisational innovation (per cent) 36.6 45.3 38.4 14.7
Innovative turnover share (per cent) 12.5 15.4 13.6 3.8
3. Knowledge flows
Other enterprises within the same enterprise group (per cent) 14.2 29.9 6.0 14.7
Suppliers (per cent) 15.8 24.5 13.5 3.7
Clients or customers (per cent) 13.5 19.8 12.9 2.2
Competitors (per cent) 11.9 17.3 11.0 2.9
Consultants, commercial labs or private R&D institutes (per cent) 3.8 5.0 3.8 1.5
Universities or other higher education institutions (per cent) 12.2 19.1 10.3 2.2
Government or public research institutes (per cent) 6.6 7.2 8.2 1.5
4. Hampering factors
Lack of internal funds (per cent) 15.7 10.8 20.8 14.0
Lack of external funds (per cent) 9.6 5.8 12.6 10.3
Costs too high (per cent) 13.0 9.0 17.0 11.8
Lack of qualified personnel (per cent) 8.3 6.5 10.1 8.1
Lack of technology information (per cent) 3.0 1.8 4.1 2.9
Lack of market information (per cent) 4.5 1.4 7.2 4.4
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Difficult to find co-operation partners (per cent) 4.2 2.5 6.3 2.9
Market dominated by incumbents (per cent) 16.3 16.9 17.3 12.5
Uncertain demand (per cent) 12.4 9.4 16.4 9.6
Need to meet government regulation (per cent) 6.7 5.8 7.9 5.9
Excessive risk (per cent) 7.2 5.0 10.7 3.7
5. Other firm characteristics
Labour productivity (turnover per employee, 2004 prices) 451,116.4 831,292.2 211,196.6 235,250.5
Employees 166.0 287.9 110.8 46.2
Distance to the global technological frontier (2004 prices) 266,202.1 226,977.2 269,622.4 338,384.7

Notes: Innovators are firms that report having at least one of the following types of innovation among product, process or organisational innovation. Firms reporting no innovation are
considered non-innovators. Types of firms include: foreign-owned firms (as indicated in the original survey), domestic exporters (non-foreign-owned firms that export to Northern Ireland, the
UK, the EU or other countries in the world) and domestic non-exporters (non-foreign-owned firms that do not export).

24



Table 2C. Summary Statistics of the Panel Sample: Services

CIS 2006 and 2008

Innovators and non-innovators

Types of firms All firms Foreign-owned firms Domestic exporters noli-oet;[:;ztrlti: s
N=357 N=106 N=123 N=128
1. Innovation input
Engagement in in-house R&D (per cent) 17.1 20.4 24.8 7.0
In-house R&D expenditure per employee (2004 prices) 2,065.8 4,336.5 2,182.4 90.1
Engagement in innovation (per cent) 32.6 34.1 43.1 21.4
Innovation expenditure per employee ( 2004 prices) 4,584.6 9,716.2 4,452.6 498.0
2. Innovation output
Any type of innovation (per cent) 60.0 44.5 65.4 44.7
Product innovation (per cent) 342 41.2 41.1 19.1
Process innovation (per cent) 33.8 56.9 38.2 23.3
Organisational innovation (per cent) 459 72.0 51.2 31.9
All types of innovation (per cent) 17.8 22.7 23.6 8.2
Product and process innovation (per cent) 20.7 28.4 23.6 9.7
Product and organisational innovation (per cent) 24.8 332 25.60 12.5
Process and organisational innovation (per cent) 26.2 31.8 30.5 15.6
Innovative turnover share (per cent) 7.5 10.9 9.5 2.8
3. Knowledge flows
Other enterprises within the same enterprise group (per cent) 9.0 18.0 6.1 43
Suppliers (per cent) 9.5 11.4 12.2 54
Clients or customers (per cent) 7.1 9.0 10.2 2.7
Competitors (per cent) 4.6 5.7 6.9 1.6
Consultants, commercial labs or private R&D institutes (per cent) 43 6.2 3.7 3.5
Universities or other higher education institutions (per cent) 4.2 7.1 4.9 1.2
Government or public research institutes (per cent) 2.7 3.8 4.1 0.4
4. Hampering factors

Lack of internal funds (per cent) 11.8 10.0 14.2 10.9
Lack of external funds (per cent) 7.8 43 11.0 7.8
Costs too high (per cent) 9.4 7.6 10.6 9.7
Lack of qualified personnel (per cent) 5.9 5.7 7.7 43
Lack of technology information (per cent) 2.6 1.4 3.7 2.7
Lack of market information (per cent) 2.8 1.4 5.7 1.2
Difficult to find co-operation partners (per cent) 32 2.4 3.3 3.9
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Market dominated by incumbents (per cent) 11.5 10.9 13.8

Uncertain demand (per cent) 10.8 8.1 13.8
Need to meet government regulation (per cent) 11.1 10.0 8.9
Excessive risk (per cent) 6.4 5.7 5.7

5. Other firm characteristics
Labour productivity (turnover per employee, 2004 prices) 1,032,508.0 2,220,412.0 781,174.6
Employees 140.3 174.4 156.8
Distance to the global technological frontier (2004 prices) 513,142.0 414,923.8 504,560.0

9.7
10.1
14.0
7.8

297,801.3
96.4
601,994.9

Notes: Innovators are firms that report having at least one of the following types of innovation among product, process or organisational innovation. Firms reporting no innovation are
considered non-innovators. Types of firms include: foreign-owned firms (as indicated in the original survey), domestic exporters (non-foreign-owned firms that export to Northern Ireland, the

UK, the EU or other countries in the world) and domestic non-exporters (non-foreign-owned firms that do not export).
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Table 3. Innovation Input: Manufacturing and Services

Equation 1: Equation 2:
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 0.128%** 0.790%**
(0.044) (0.268)
Domestic exporter 0.230%** 0.299
(0.033) (0.244)
Employment [20, 49] 0.089%* -0.545%%*
(0.045) (0.227)
Employment [50, 249] 0.212%** -0.321
(0.043) (0.260)
Employment [250, 499] 0.204*** -0.486*
(0.066) (0.284)
Employment [>=500] 0.470%*** -0.523
(0.054) (0.344)
Distance to GTF -0.006** -0.075%**
(0.003) (0.017)
Time fixed effect -0.026 -0.173
(0.024) (0.136)
Lack of internal funds 0.101*
(0.061)
Lack of external funds 0.041
(0.065)
Costs too high -0.138%***
(0.045)
Lack of qualified personnel 0.059
(0.059)
Lack of technology information 0.079
(0.103)
Lack of market information 0.073
(0.068)
Difficult to find co-operation partners 0.122%*
(0.068)
Market dominated by incumbents 0.017
(0.033)
Uncertain demand 0.053
(0.037)
Need to meet government regulation 0.158%**
(0.051)
Excessive risk -0.023
(0.054)
Industry fixed effects at NACE 2-digit yes yes
level (P-value of joint significance) (0.000) (0.000)
Constant yes yes
Log likelihood -5,088.5
A -1.464
(0.319)
p -0.787
(0.091)
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Wald test for HO: p=0 (%) 19.9%%**

N 1,446

Note: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. Standard errors shown 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 (Equation 1) is
equal to 1 if a firm reports positive innovation expenditures and 0 otherwise. The dependent variable in the intensity of innovation
equation (Equation 2) is the logarithm of innovation expenditures per employee. A is the coefficient of the inverse mills ratio. p is the
coefficient of the correlation of the error terms of the two equations measuring the interdependence of the two equations.
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Table 4A. Innovation Output: Manufacturing and Services

Equation 3: Innovation output

Any type Product Process
Dependent variable of innovation innovation innovation Organisational innovation
Estimator RE Probit RE Probit RE Probit RE Probit
Foreign-owned firm 0.284*** 0.176*** 0.105** 0.138***
(0.046) (0.050) (0.044) (0.040)
Domestic exporter 0.241%%** 0.167%** 0.178%** 0.243%**
(0.032) (0.034) (0.032) (0.031)
Predicted innovation expenditure 0.004 0.009 -0.000 0.057*
per employee (0.052) (0.028) (0.042) (0.033)
Employment [20, 49] 0.095* 0.076** 0.075* 0.088**
(0.052) (0.038) (0.045) (0.039)
Employment [50, 249] 0.21 [#** 0.153%** 0.107** 0.143%**
(0.059) (0.051) (0.051) (0.047)
Employment [250, 499] 0.238** 0.090 0.195%* 0.224%%*
(0.100) (0.070) (0.092) (0.085)
Employment [>=500] 0.443%** 0.359%** 0.476%** 0.414%**
(0.107) (0.131) (0.106) (0.107)
Co-operation with other enterprises 0.318*** 0.083* 0.306%** 0.045
(0.094) (0.044) (0.061) (0.042)
Co-operation with suppliers 0.478*** 0.155%** 0.191*** 0.222%**
(0.063) (0.051) (0.052) (0.052)
Co-operation with customers 0.057 0.208%** 0.080 -0.023
(0.081) (0.064) (0.051) (0.033)
Co-operation with competitors -0.169%* -0.007 -0.023 0.093
(0.068) (0.033) (0.051) (0.062)
Co-operation with consultants 0.678%** 0.152%%* 0.408%** 0.323%**
(0.051) (0.061) (0.067) (0.067)
Co-operation with universities 0.235%* 0.173** 0.242%** 0.260***
(0.119) (0.067) (0.071) (0.071)
Co-operation with government 0.678*** -0.007 -0.066 0.143
(0.051) (0.041) (0.054) (0.091)
Time fixed effect -0.082%** -0.052%** 0.043%** -0.076%**
(0.019) (0.015) (0.016) (0.016)
Industry fixed effects at NACE 2-
digit level (oy(?SO) (oygSO) (oyoGSO) (oyoegm
(P-value of joint significance) ’ ’ ’ '
Constant yes yes yes yes
Log likelihood -2179.1 -2017.0 -2157.5 -2301.2
r 390.1 477.9 446.8 455.0
N 1,446 1,446 1,446 1,446

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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 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

Equation 3: Innovation output

Product + process  Product + org. Process + org. All types of Innovative
Dependent variable innovation innovation innovation innovation turnover share
Estimator RE Probit RE Probit RE Probit RE Probit RE
Foreign-owned firm 0.100** 0.061** 0.042 0.040* 0.941***
(0.042) (0.027) (0.028) (0.023) (0.178)
Domestic exporter 0.087%** 0.157*** 0.177%** 0.094*** 0.845%**
(0.027) (0.035) (0.031) (0.029) (0.127)
Predicted inno. expend. -0.021 0.019 0.033 0.002 0.088
per employee (0.021) (0.013) (0.025) (0.011) (0.210)
Employment [20, 49] 0.028 0.044** 0.060* 0.022 0.219
(0.025) (0.022) (0.032) (0.017) (0.200)
Employment [50, 249] 0.035 0.082** 0.096** 0.037 0.273
(0.029) (0.033) (0.040) (0.023) (0.220)
Employment [250, 499] 0.020 0.090* 0.184** 0.044 -0.274
(0.040) (0.053) (0.079) (0.039) (0.359)
Employment [>=500] 0.224* 0.297** 0.446%** 0.209* 0.716*
(0.122) (0.116) (0.115) (0.113) (0.433)
Co-operation with other enterprises 0.111%* 0.035%* 0.150%** 0.059%* 0.752%%*%*
(0.045) (0.021) (0.047) (0.029) (0.199)
Co-operation with suppliers 0.091** 0.090*** 0.143%** 0.075%* 0.887***
(0.039) (0.034) (0.043) (0.033) (0.183)
Co-operation with customers 0.102%%* 0.043* 0.005 0.019 0.811%**
(0.044) (0.024) (0.024) (0.016) (0.202)
Co-operation with competitors 0.013 0.030 -0.004 0.003 -0.078
(0.025) (0.025) (0.030) (0.013) (0.247)
Co-operation with consultants 0.154%%*%* 0.102%%* 0.290%** 0.127%* 0.522%%*
(0.058) (0.041) (0.063) (0.050) (0.214)
Co-operation with universities 0.161*** 0.170%*** 0.240%** 0.143%* 0.462%*
(0.061) (0.058) (0.064) (0.056) (0.227)
Co-operation with government -0.004 -0.004 -0.018 -0.000 -0.519*
(0.023) (0.016) (0.031) (0.013) (0.278)
Time fixed effect -0.001 -0.017%* -0.018* -0.007 -0.347%%*
(0.007) (0.007) (0.010) (0.005) (0.071)
Industry fixed effects at NACE 2-digit level yes yes yes yes yes
(P-value of joint significance) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant yes yes yes yes yes
Log likelihood -1596.7 -1708.5 -1886.1 -1419.6 -9677.5
r 386.6 4241 430.8 340.3 758.0
N 1,446 1,446 1,446 1,446 1,446

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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 in columns (1-4) are binary variables indicating whether a firm reports various types of innovation.
The dependent variable in the last column is the logit transformed share of innovative turnover in total turnover in total sales. RE stands for
random effects.
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Table 5. Labour Productivity: Manufacturing and Services

Dependent variable

Equation 4: Labour productivity

Log of turnover per employee

Product +

Any typ@ of . Produ?t . Proce;s Or.ganisat.ional process P(oduct + org. Pr.ocess + org. All typqs of  Innovative
mnovation mnnovation mnnovation nnovation innovation mnovation mnnovation innovation turnover share
Estimator RE RE RE RE RE RE RE RE RE
Foreign-owned firm 0.473%** 0.504%** 0.557%** 0.470%** 0.575%%** 0.546%** 0.558%** 0.581%** 0.462%**
(0.063) (0.060) (0.058) (0.060) (0.057) (0.057) (0.057) (0.057) (0.062)
Domestic exporter 0.112%* 0.150%** 0.169%** 0.082* 0.198%*%** 0.158%*%** 0.158%** 0.196%** 0.119%**
(0.046) (0.042) (0.041) (0.044) (0.040) (0.041) (0.041) (0.040) (0.043)
Predicted innovation output 0.479%** 0.452%** 0.334%** 0.613%** 0.271%%** 0.454%%** 0.436%** 0.326%** 0.114%**
(0.100) (0.083) (0.077) (0.089) (0.074) (0.075) (0.076) (0.075) (0.020)
Employment [20, 49] 0.038 0.053 0.066 0.057 0.074 0.074 0.075 0.080 0.070
(0.053) (0.052) (0.052) (0.052) (0.052) (0.052) (0.052) (0.052) (0.052)
Employment [50, 249] -0.067 -0.050 -0.014 -0.040 0.001 -0.018 -0.011 0.002 -0.009
(0.061) (0.059) (0.058) (0.058) (0.058) (0.058) (0.058) (0.058) (0.058)
Employment [250, 499] -0.118 -0.080 -0.090 -0.117 -0.051 -0.075 -0.094 -0.054 0.002
(0.108) (0.106) (0.107) (0.106) (0.106) (0.106) (0.106) (0.106) (0.106)
Employment [>=500] -0.095 -0.115 -0.099 -0.143 -0.060 -0.107 -0.125 -0.061 -0.055
(0.130) (0.130) (0.131) (0.129) (0.130) (0.129) (0.130) (0.129) (0.128)
Time fixed effect 0.093%** 0.093%** 0.046** 0.120%** 0.059%*%** 0.080%*%** 0.069%** 0.063%** 0.101%**
(0.019) (0.019) (0.018) (0.020) (0.018) (0.018) (0.018) (0.018) (0.019)
Industry fixed effects at NACE 2-digit level yes yes yes yes yes yes yes yes yes
(P-value of joint significance) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant yes yes yes yes yes yes yes yes Yes
Log likelihood -5480.2 -5477.0 -5482.3 -5468.0 -5485.0 -5473.4 -5475.2 -5482.3 -5475.8
2y 810.7 817.1 806.5 835.2 801.2 824.2 820.6 806.5 819.5
N 1,446 1,446 1,446 1,446 1,446 1,446 1,446 1,446 1,446

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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. RE stands for random effects.
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Table 6. Innovation Input: Manufacturing

Equation 1: Equation 2:
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 0.240%*** 0.159
(0.074) (0.258)
Domestic exporter 0.281*** 0.124
(0.065) (0.219)
Employment [20, 49] 0.209%* -0.534**
(0.083) (0.267)
Employment [50, 249] 0.295%** -0.380
(0.069) (0.300)
Employment [250, 499] 0.388*** -0.658%*
(0.046) (0.343)
Employment [>=500] 0.537%** -0.631
(0.022) (0.384)
Distance to GTF -0.003 -0.102%**
(0.005) (0.020)
Time fixed effect -0.020 -0.166
(0.048) (0.174)
Lack of internal funds 0.200*
(0.103)
Lack of external funds 0.054
0.114)
Costs too high -0.244***
(0.088)
Lack of qualified personnel 0.161
0.157)
Lack of technology information -0.137
(0.126)
Lack of market information 0.075
(0.125)
Difficult to find co-operation partners 0.217
(0.132)
Market dominated by incumbents 0.107
(0.129)
Uncertain demand 0.090
(0.091)
Need to meet government regulation 0.288%*%**
(0.108)
Excessive risk -0.170*
(0.091)
Industry fixed effects at NACE 2-digit yes yes
level (P-value of joint significance) (0.000) (0.000)
Constant yes yes
Log likelihood -2694.1
A -0.269
(1.859)
p -0.190
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(1.290)
Wald test for HO: p=0 (%) 0.02

N 732

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. Standard errors shown 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 (Equation 1) is
equal to 1 if a firm reports positive innovation expenditures and 0 otherwise. The dependent variable in the intensity of innovation
equation (Equation 2) is the logarithm of innovation expenditures per employee. A is the coefficient of the inverse mills ratio. p is the
coefficient of the correlation of the error terms of the two equations measuring the interdependence of the two equations.
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Table 7A. Innovation Output: Manufacturing

Equation 3: Innovation Output

Any type Product Process
Dependent variable of innovation innovation innovation Organisational innovation
Estimator RE Probit RE Probit RE Probit RE Probit
Foreign-owned firm 0.384%** 0.211*** 0.163*** 0.247***
(0.064) (0.061) (0.059) (0.053)
Domestic exporter 0.350%** 0.206%** 0.153%** 0.266%**
(0.050) (0.049) (0.045) (0.042)
Predicted innovation expenditure 0.045 -0.004 -0.000 0.040
per employee (0.050) (0.021) (0.039) (0.031)
Employment [20, 49] 0.249%%* 0.082** 0.143%** 0.100%**
(0.063) (0.040) (0.054) (0.043)
Employment [50, 249] 0.258%** 0.128*** 0.107** 0.102%*
(0.062) (0.045) (0.050) (0.041)
Employment [250, 499] 0.208* 0.021 0.211** 0.048
(0.113) (0.045) (0.097) (0.064)
Employment [>=500] 0.652%** 0.260%* 0.610%** 0.214%**
(0.112) (0.126) (0.100) (0.102)
Co-operation with other enterprises 0.758%** 0.026 0.017 0.013
(0.059) (0.046) (0.073) (0.057)
Co-operation with suppliers 0.394** 0.050 0.185%* 0.118*
(0.162) (0.049) (0.083) (0.067)
Co-operation with customers 0.248 0.232%%* 0.271%** -0.057
(0.151) (0.095) (0.095) (0.038)
Co-operation with competitors -0.242%*%* -0.035 -0.037 0.017
(0.059) (0.032) (0.084) (0.084)
Co-operation with consultants 0.758%** 0.056 0.446%** 0.430%**
(0.059) (0.056) (0.099) (0.090)
Co-operation with universities 0.758*** 0.460%** 0.377*** 0.353***
(0.059) (0.119) (0.099) (0.090)
Co-operation with government 0.758*** 0.002 -0.099* 0.264*
(0.059) (0.050) (0.059) (0.136)
Time fixed effect -0.027 -0.038** 0.083*** -0.063%**
(0.027) (0.016) (0.025) (0.020)
Industry fixed effects at NACE 2-
digit level yes yes yes yes
(P-value of joint significance) (0.000) (0.000) (0.001) (0.000)
Constant yes yes yes yes
Log likelihood -893.9 -969.6 -1017.6 -1003.3
r 158.8 214.9 199.7 242.7
N 732 732 732 732

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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 binary variables indicating whether a firm reports various types of
innovation. RE stands for random effects.
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Table 7B. Innovation Output: Manufacturing

Equation 3: Innovation Output

Product + process Product + org. Process + org. All types of Innovative turnover
Dependent variable innovation innovation innovation innovation share
Estimator RE Probit RE Probit RE Probit RE Probit RE
Foreign-owned firm 0.098%* 0.159%** 0.144%** 0.135%* 0.765%**
(0.049) (0.054) (0.050) (0.058) (0.236)
Domestic exporter 0.092%* 0.188%** 0.162%** 0.129%** 1.170%**
(0.039) (0.050) (0.041) (0.048) (0.185)
Predicted innovation expenditure -0.011 0.003 0.013 0.001 0.121
per employee (0.018) (0.011) (0.027) (0.013) (0.198)
Employment [20, 49] 0.053 0.017 0.037 0.004 0.336
(0.036) (0.017) (0.035) (0.016) (0.225)
Employment [50, 249] 0.039 0.035%* 0.039 0.007 0.681***
(0.030) (0.021) (0.034) (0.017) (0.223)
Employment [250, 499] 0.007 0.004 0.080 0.002 -0.170
(0.034) (0.020) (0.065) (0.024) (0.370)
Employment [>=500] 0.307** 0.088 0.270%* 0.098 [.151%%*
(0.146) (0.063) (0.109) (0.078) (0.431)
Co-operation with other enterprises 0.054 0.007 0.056 0.039 0.709%*
(0.050) (0.019) (0.057) (0.037) (0.308)
Co-operation with suppliers 0.025 0.046 0.140** 0.046 0.415
(0.033) (0.034) (0.064) (0.037) (0.283)
Co-operation with customers 0.255%* 0.020 0.005 0.046 0.927%%*
(0.105) (0.023) (0.040) (0.038) (0.296)
Co-operation with competitors 0.005 0.005 -0.000 -0.003 -0.292
(0.037) (0.024) (0.057) (0.022) (0.376)
Co-operation with consultants 0.070 0.081%* 0.349%** 0.084 -0.217
(0.055) (0.047) (0.088) (0.053) (0.290)
Co-operation with universities 0.409%** 0.304*** 0.313*** 0.323*** 1.467***
(0.124) (0.100) (0.087) (0.112) (0.293)
Co-operation with government -0.023 0.019 -0.006 -0.006 -0.495
(0.021) (0.031) (0.052) (0.018) (0.359)
Time fixed effect 0.004 -0.026** 0.003 -0.013 -0.379%**
(0.009) (0.012) (0.016) (0.009) (0.106)
Industry fixed effects at NACE 2-
digit level (oyoBSO) (OYSSO) (oyoegn (oy(?g 1) (OYSSO)
(P-value of joint significance) ’ ' ’ ’ '
Constant yes yes yes yes yes
Log likelihood -821.5 -816.3 -915.3 -723.9 -4535.4
2 180.9 203.6 219.2 169.5 345.7
N 732 732 732 732 732

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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 in columns (1-4) are binary variables indicating whether a firm reports various types of
innovation. The dependent variable in the last column is the logit transformed share of innovative turnover in total turnover in total sales. RE

stands for random effects.
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Table 8. Labour Productivity: Manufacturing

Equation 4: Labour Productivity

Dependent variable Log of turnover per employee
Any type of Product Process  Organisational Pr(r)g:gst: Product + org. Process + org. All types of  Innovative
innovation  innovation  innovation  innovation inII)1 ovation innovation  innovation  innovation turnover share
Estimator RE RE RE RE RE RE RE RE RE
Foreign-owned firm 0.401*** 0.506*** 0.532%** 0.471%*** 0.554%** 0.546%** 0.534%%:* 0.554*** 0.470%**
(0.085) (0.077) (0.073) (0.076) (0.072) (0.072) (0.072) (0.071) (0.076)
Domestic exporter -0.008 0.084 0.107** 0.042 0.125%* 0.112%* 0.104%* 0.125%* 0.019
(0.064) (0.056) (0.053) (0.057) (0.051) (0.052) (0.052) (0.051) (0.060)
Predicted innovation output 0.459%** 0.257** 0.213** 0.373%*%** 0.163%* 0.191%* 0.236%*** 0.186** 0.093***
(0.120) (0.100) (0.088) (0.095) (0.077) (0.084) (0.083) (0.081) (0.024)
Employment [20, 49] 0.008 0.062 0.068 0.071 0.083 0.089 0.090 0.095 0.069
(0.067) (0.065) (0.064) (0.064) (0.064) (0.064) (0.064) (0.064) (0.064)
Employment [50, 249] -0.002 0.039 0.065 0.055 0.076 0.071 0.075 0.081 0.019
(0.073) (0.072) (0.070) (0.070) (0.070) (0.070) (0.070) (0.070) (0.072)
Employment [250, 499] 0.122 0.175 0.156 0.187* 0.190* 0.194* 0.176 0.194* 0.199*
(0.111) (0.110) (0.111) (0.109) (0.110) (0.109) (0.110) (0.109) (0.109)
Employment [>=500] 0.222 0.265* 0.260* 0.263* 0.289%* 0.302%* 0.274* 0.303** 0.213
(0.145) (0.146) (0.147) (0.142) (0.145) (0.143) (0.144) (0.143) (0.145)
Time fixed effect 0.040* 0.040* 0.006 0.053%* 0.021 0.036 0.022 0.026 0.057%*
(0.022) (0.022) (0.022) (0.023) (0.021) (0.022) (0.021) (0.021) (0.023)
Industry fixed effects at NACE 2-digit level yes yes yes yes yes yes yes yes yes
(P-value of joint significance) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant yes yes yes yes yes yes yes yes yes
Log likelihood -2109.3 -2113.3 -2113.6 -2108.9 -2114.3 -2114.0 -2112.5 -2113.9 -2108.9
Chi”2 308.1 300.2 299.5 308.9 298.1 298.8 301.7 298.9 308.9
N 732 732 732 732 732 732 732 732 732

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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. RE stands for random effects.
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Table 9. Innovation Input: Services

Dependent variable
Estimator

Equation 1:
Propensity of investing in innovation

Equation 2:

Intensity of innovation input
Innovation expenditure > 0 Log of innovation expenditure per employee

Heckman first stage: probit Heckman second stage: OLS

Foreign-owned firm

Domestic exporter

Employment [20, 49]

Employment [50, 249]

Employment [250, 499]

Employment [>=500]

Distance to GTF

Time fixed effect

Lack of internal funds

Lack of external funds

Costs too high

Lack of qualified personnel

Lack of technology information

Lack of market information

Difficult to find co-operation partners

Dominated by incumbents

Uncertain demand

Need to meet government regulation

Excessive risk

Industry fixed effects at NACE 2-digit
level (P-value of joint significance)

Constant
Log likelihood
A

0.028 1.347%%%

(0.048) (0.254)
0.197%%* 0.357

(0.031) (0.401)

0.040 -0.435

(0.036) (0.389)
0.146%** -0.436

(0.054) (0.542)

0.070 -1.136*

(0.124) (0.684)
0.285%** -0.884

(0.105) (0.759)
-0.012%%* -0.029

(0.004) (0.043)

-0.031 -0.218

(0.026) (0.207)

0.167*

(0.094)

-0.020

(0.086)

0.063

(0.169)

0.027

(0.081)

0.217

(0.182)
0.153%%*

(0.056)

-0.054

(0.068)

-0.076

(0.059)

0.079

(0.104)

0.100

(0.106)

-0.004

(0.080)

yes yes
(0.000) (0.000)
yes yes
-2264.6
0.741
(1.606)
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p 0.455

(0.865)
Wald test for HO: p=0 () 0.20
N 714

Note: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. Standard errors shown 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 (Equation 1) is
equal to 1 if a firm reports positive innovation expenditures and 0 otherwise. The dependent variable in the intensity of innovation
equation (Equation 2) is the logarithm of innovation expenditures per employee. A is the coefficient of the inverse mills ratio. p is the
coefficient of the correlation of the error terms of the two equations measuring the interdependence of the two equations.
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Table 10A. Innovation Output: Services
Equation 3: Innovation Output

Any type Product Process
Dependent variable of innovation innovation innovation Organisational innovation
Estimator RE Probit RE Probit RE Probit RE Probit
Foreign-owned firm 0.219 0.147 0.100 -0.003
(26.089) (0.119) (0.106) (0.119)
Domestic exporter 0.153 0.107* 0.192%** 0.139
(16.423) (0.061) (0.058) (0.957)
Predicted innovation expenditure -0.026 0.037 -0.015 0.122
per employee (2.469) (0.064) (0.061) (1.039)
Employment [20, 49] -0.025 0.078* 0.024 0.061
(2.344) (0.045) (0.039) (0.463)
Employment [50, 249] 0.137 0.172%%%* 0.116%** 0.123
(15.529) (0.045) (0.038) (0.769)
Employment [250, 499] 0.157 0.273* 0.140 0.491
(21.386) (0.161) (0.128) (3.396)
Employment [>=500] 0.207 0.498%** 0.355%** 0.447
(31.320) (0.115) (0.104) (2.415)
Co-operation with other enterprises 0.209 0.197%** 0.466%** 0.100
(29.934) (0.075) (0.067) (0.577)
Co-operation with suppliers 0.286 0.320%*** 0.234*** 0.336
(45.899) (0.071) (0.064) 0.217)
Co-operation with customers -0.023 0.243%** -0.015 0.056
(2.112) (0.088) (0.058) (0.393)
Co-operation with competitors -0.019 -0.033 -0.027 0.118
(1.743) (0.066) (0.067) (0.594)
Co-operation with consultants 0.369 0.318%** 0.355%** 0.313
(24.280) (0.103) (0.092) (0.245)
Co-operation with universities -0.313 -0.070 0.113 0.143
(11.313) (0.065) (0.099) (0.608)
Co-operation with government 0.317 0.092 0.003 0.142
(48.336) (0.134) (0.106) (0.603)
Time fixed effect -0.102 -0.085%** 0.008 -0.094
(9.756) (0.027) (0.027) (0.796)
Industry fixed effects at NACE 2-
digit level (oyoeSO) (oy(‘)SSO) (oyoegm (oyoegm
(P-value of joint significance) ’ ’ ’ '
Constant yes yes yes yes
Log likelihood -1239.9 -1025.7 -1117.0 -1280.2
r 215.4 258.9 236.1 216.0
N 714 714 714 714

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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 binary variables indicating whether a firm reports various types of
innovation. RE stands for random effects.
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Table 10B. Innovation Output: Services

Equation 3: Innovation Output

Product + process  Product + org. Process + org. All types of Innovative
Dependent variable innovation innovation innovation innovation turnover share
Estimator RE Probit RE Probit RE Probit RE Probit RE
Foreign-owned firm 0.164* -0.037 -0.061 0.020 1.483%**
(0.095) (1.298) (2.767) (1.754) (0.471)
Domestic exporter 0.120%** 0.075 0.113 0.078 0.564%%*
(0.043) (2.370) (4.346) (6.398) (0.250)
Predicted innovation expenditure -0.039 0.078 0.066 -0.001 -0.199
per employee (0.033) (2.617) (2.800) (0.053) (0.295)
Employment [20, 49] 0.029 0.078 0.067 0.042 0.011
(0.025) (2.397) (2.652) (3.573) (0.183)
Employment [50, 249] 0.071%** 0.103 0.099 0.062 -0.194
(0.027) (3.025) (3.740) (5.094) (0.169)
Employment [250, 499] 0.070 0.447 0.369 0.157 -0.508
(0.092) (6.092) (7.302) (10.195) (0.523)
Employment [>=500] 0.320%** 0.492 0.478 0.333 0.436
(0.118) (5.954) (6.875) (15.648) (0.422)
Co-operation with other enterprises 0.168%** 0.126 0.260 0.110 0.714%**
(0.055) (3.386) (6.905) (7.911) (0.263)
Co-operation with suppliers 0.188*** 0.220 0.183 0.145 1.332%**
(0.054) (5.026) (5.649) (9.787) (0.238)
Co-operation with customers 0.036 0.138 0.018 0.018 0.736%**
(0.037) (3.604) (0.740) (1.612) (0.276)
Co-operation with competitors 0.001 0.039 -0.024 -0.009 -0.175
(0.033) (1.209) (1.068) (0.878) (0.332)
Co-operation with consultants 0.319%** 0.225 0.262 0.283 1.876%**
(0.089) (4.978) (6.760) (14.700) (0.321)
Co-operation with universities -0.001 0.094 0.218 0.037 -1.301***
(0.037) (2.631) (6.099) (3.069) (0.367)
Co-operation with government 0.089 -0.018 -0.018 0.046 -0.084
(0.086) 0.617) (0.777) (3.773) (0.469)
Time fixed effect -0.020 -0.001 -0.030 -0.006 -0.425%%*
(0.015) (0.028) (1.276) (0.574) (0.120)
Industry fixed effects at NACE 2-digit level yes yes yes yes yes
(P-value of joint significance) (0.000) (0.001) (0.000) (0.000) (0.000)
Constant yes yes yes yes yes
Log likelihood -753.1 -871.2 -958.3 -675.4 -5087.7
r 191.9 217.6 214.6 171.9 438.6
N 714 714 714 714 714

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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 in columns (1-4) are binary variables indicating whether a firm reports various types of innovation.
The dependent variable in the last column is the logit transformed share of innovative turnover in total turnover in total sales. RE stands for

random effects.

40



Table 11. Labour Productivity: Services

Equation 4: Labour Productivity

Dependent variable Log of turnover per employee
Any type of Product Process  Organisational Pr(r)g:gst: Product + org. Process + org. All types of  Innovative
innovation  innovation  innovation  innovation inII)1 ovation innovation  innovation  innovation turnover share
Estimator RE RE RE RE RE RE RE RE RE
Foreign-owned firm 0.490*** 0.461*** 0.533*** 0.385%** 0.542%** 0.505%** 0.536%*** 0.560%** 0.448***
(0.093) (0.089) (0.087) (0.089) (0.087) (0.086) (0.085) (0.086) (0.094)
Domestic exporter 0.218%** 0.213%** 0.207%** 0.063 0.245%** 0.184%%* 0.162%** 0.234%** 0.230%**
(0.063) (0.059) (0.061) (0.065) (0.059) (0.059) (0.061) (0.059) (0.060)
Predicted innovation output 0.383**:* 0.609%** 0.450%** 1.058*** 0.419%** 0.749%** 0.754%** 0.536*** 0.098***
(0.144) (0.124) (0.118) (0.148) (0.122) (0.116) (0.127) (0.126) (0.027)
Employment [20, 49] 0.085 0.075 0.089 0.062 0.086 0.080 0.076 0.079 0.091
(0.079) (0.079) (0.079) (0.078) (0.079) (0.078) (0.079) (0.079) (0.079)
Employment [50, 249] -0.065 -0.075 -0.043 -0.101 -0.027 -0.051 -0.052 -0.031 0.012
(0.093) (0.090) (0.090) (0.089) (0.090) (0.089) (0.089) (0.089) (0.089)
Employment [250, 499] -0.451** -0.471%* -0.445%* -0.695%** -0.431** -0.526** -0.534%* -0.452%* -0.331
(0.214) (0.211) (0.212) (0.214) (0.212) (0.211) 0.211) (0.211) (0.211)
Employment [>=500] -0.406* -0.526%* -0.467%* -0.662%%* -0.45]%* -0.567%** -0.594 %% -0.474%%* -0.352*
(0.217) (0.217) (0.217) (0.216) (0.217) (0.215) 0.217) (0.216) (0.214)
Time fixed effect 0.122%** 0.137%** 0.083*** 0.206%** 0.093*** 0.110%*** 0.121%** 0.093%** 0.126%**
(0.031) (0.029) (0.028) (0.032) (0.028) (0.028) (0.028) (0.028) (0.030)
Industry fixed effects at NACE 2-digit level yes yes yes yes yes yes yes yes yes
(P-value of joint significance) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant yes yes yes yes yes yes yes yes yes
Log likelihood -3238.5 -3229.9 -3234.8 -3216.4 -3236.1 -3221.3 -3224.4 -3232.9 -32354
2y 456.7 473.9 464.1 500.8 461.4 491.0 484.8 467.8 462.8
N 714 714 714 714 714 714 714 714 714

Notes: Figures reported in the table are marginal effects. Estimates are obtained from weighted regressions. 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. RE stands for random effects.
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Appendix

Table Al. List of Variables

Variable Definition Source
1. Foreign linkages
Foreign-owned firm Dummy variable indicating whether a firm is foreign owned (1) or not (0). CIS
Domestic exporter Dummy variable indicating whether a non-foreign-owned firm exports to Northern CIS
P Ireland, the UK or other countries (1) or not (0)
2. Innovation input
Engagement in in-house R&D Dummy variable indicating whether a firm reported a positive value of in-house R&D CIS
expenditure (1) or not (0)
In-house R&D expenditure per employee The ration of in-house R&D expenditure in constant prices over the number of CIS
employees
. . Dummy variable indicating whether a firm reported a positive value of total innovation
Engagement in innovation 4 CIS
expenditure (1) or not (0)
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, IS
namely product, process or organisational innovation (1) or not (0).
Product innovation g)l)lmmy variable indicating whether a firm reports having product innovation (1) or not CIS
Process innovation zl)lmmy variable indicating whether a firm reports having process innovation (1) or not CIS
Organisational immovation ]()Drurrlr;n(}(l) )varlable indicating whether a firm reports having organisational innovation (1) CIS
Product and process innovation Dummy variable indicating whether a firm reports having both product and process CIS
innovation (1) or not (0).
Product and organisational innovation Dumrpy \‘/anab'le 1ndlcgt1ng whether a firm reports having both product and CIS
organisational innovation (1) or not (0).
Process and organisational innovation Dummy \‘/arlab'le mdlcgtmg whether a firm reports having both process and CIS
organisational innovation (1) or not (0).
Al three types of innovation Dummy variable indicating Whethe{r a ﬁrm reports havmg all three types of innovation, CIS
namely product, process and organisational innovation (1) or not (0).
Innovative turnover share Percentage of turnover of innovative products in total turnover. CIS
4. Knowledge flows
Co-operation with other enterprises Dummy Varlgble indicating whether a firm co-operated with other enterprises within the CIS
same enterprise group (1) or not (0)
Co-operation with suppliers Dummy variable indicating whether a firm co-operated with suppliers of equipment, CIS
material, components or software (1) or not (0)
Co-operation with customers rl?;r?él;y variable indicating whether a firm co-operated with clients or customers (1) or CIS
Co-operation with competitors Dummy variable indicating whether a firm co-operated with competitors or other CIS
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Co-operation with consultants
Co-operation with universities

Co-operation with government

5. Other firm and industry characteristics
Labour productivity
Employees

Distance to Global technological frontier

6. Hampering factors to innovation

enterprises in the same sector (1) or not (0)

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

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

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

Turnover per employee in constant prices.

Number of employees

Absolute difference between the turnover per employee of a firm in the CIS and the
global technology 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 firms in the 17 OECD countries sample. It is available at NACE 2
or 3-digit level.

Dummy variable indicating whether a firm perceived the following factors as having a high degree of importance in relation to innovation (1) or not (0):

Cost Factors
Lack of internal funds
Lack of external funds
Costs too high

Knowledge Factors
Lack of qualified personnel
Lack of technology information
Lack of market information
Difficult to find co-operation partners
Market Factors

Market is dominated by incumbents
Uncertain demand
Need to meet government regulation
Excessive risk

CIS

CIS

CIS

CSO
CSO

OECD

CIS
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Title/Author(s)
Year Number ESRI Authors/Co-authors /talicised

2010
362 Too much of a good thing? Gender, ‘Concerted cultivation’
and unequal achievement in primary education
Selina McCoy, Delma Byrne, Joanne Banks

361 Timing and Determinants of Local Residential Broadband
Adoption: Evidence from Ireland
Sean Lyons

360 Determinants of Vegetarianism and Partial Vegetarianism

in the United Kingdom
Eimear Leahy, Seadn Lyons and Richard S.J. Tol

359 From Data to Policy Analysis: Tax-Benefit Modelling using
SILC 2008
Tim Callan, Claire Keane, John R. Walsh and Marguerita
Lane

358 Towards a Better and Sustainable Health Care System —

Resource Allocation and Financing Issues for Ireland
Frances Ruane

357 An Estimate of the Value of Lost Load for Ireland
Eimear Leahy and Richard S.J. Tol

356 Public Policy Towards the Sale of State Assets in Troubled
Times: Lessons from the Irish Experience
Paul K Gorecki, Sean Lyons and Richard S. J. Tol

355 The Impact of Ireland’s Recession on the Labour Market
Outcomes of its Immigrants
Alan Barrett and Elish Kelly

354 Research and Policy Making
Frances Ruane

353 Market Regulation and Competition; Law in Conflict: A View
from Ireland, Implications of the Panda Judgment
Philip Andrews and Paul/ K Gorecki

352 Designing a property tax without property values: Analysis
in the case of Ireland
Karen Mayor, Sean Lyons and Richard S.J. Tol

351 Civil War, Climate Change and Development: A Scenario
Study for Sub-Saharan Africa
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Conor Devitt and Richard S.J. Tol

350 Regulating Knowledge Monopolies: The Case of the IPCC
Richard S.J. Tol

349 The Impact of Tax Reform on New Car Purchases in
Ireland

Hugh Hennessy and Richard S.J. Tol

348 Climate Policy under Fat-Tailed Risk:
An Application of FUND
David Anthoffand Richard S.J. Tol

347 Corporate Expenditure on Environmental Protection
Stefanie A. Haller and Liam Murphy

346 Female Labour Supply and Divorce: New Evidence from
Ireland
Olivier Bargain, Libertad Gonzalez, Claire Keane and Berkay
Ozcan

345 A Statistical Profiling Model of Long-Term Unemployment

Risk in Ireland
Philip J. O'Connell, Seamus McGuinness, Elish Kelly

344 The Economic Crisis, Public Sector Pay, and the Income
Distribution
7im Callan, Brian Nolan (UCD) and John Walsh

343 Estimating the Impact of Access Conditions on
Service Quality in Post
Gregory Swinand, Conor O’Toole and Sean Lyons

342 The Impact of Climate Policy on Private Car Ownership in
Ireland
Hugh Hennessy and Richard S.J. Tol

341 National Determinants of Vegetarianism
Eimear Leahy, Sean Lyons and Richard S.J. Tol

340 An Estimate of the Number of Vegetarians in the World
Eimear Leahy, Sedn Lyons and Richard S.J. Tol

339 International Migration in Ireland, 2009
Philjp J O'Connell and Corona Joyce

338 The Euro Through the Looking-Glass:

Perceived Inflation Following the 2002 Currency
Changeover
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2009

337

336

335

334

333

332

331

330

329

328

327

326

Pete Lunn and David Duffy

Returning to the Question of a Wage Premium for
Returning Migrants
Alan Barrett and Jean Goggin

What Determines the Location Choice of Multinational
Firms in the ICT Sector?
lulia Siedschlag, Xiaoheng Zhang, Donal Smith

Cost-benefit analysis of the introduction of weight-based
charges for domestic waste — West Cork’s experience
Sue Scott and Dorothy Watson

The Likely Economic Impact of Increasing Investment in
Wind on the Island of Ireland

Conor Devitt, Sean Diffney, John Fitz Gerald, Sean Lyons
and Laura Malaguzzi Valeri

Estimating Historical Landfill Quantities to Predict Methane
Emissions
Sedn Lyons, Liam Murphy and Richard S.J. Tol

International Climate Policy and Regional Welfare Weights
Daiju Narita, Richard S. J. Tol, and David Anthoff

A Hedonic Analysis of the Value of Parks and
Green Spaces in the Dublin Area
Karen Mayor, Sean Lyons, David Duffy and Richard S.J. Tol

Measuring International Technology Spillovers and
Progress Towards the European Research Area
lulia Siedschlag

Climate Policy and Corporate Behaviour
Nicola Commins, Sean Lyons, Marc Schiffbauer, and
Richard S.J. Tol

The Association Between Income Inequality and Mental
Health: Social Cohesion or Social Infrastructure
Richard Layte and Bertrand Maitre

A Computational Theory of Exchange:
Willingness to pay, willingness to accept and the
endowment effect

Pete Lunn and Mary Lunn

Fiscal Policy for Recovery
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325

324

323

322

321

320

319

318

317

316

315

314

John Fitz Gerald

The EU 20/20/2020 Targets: An Overview of the EMF22
Assessment

Christoph Bohringer, Thomas F. Rutherford, and Richard
S.J. Tol

Counting Only the Hits? The Risk of Underestimating the
Costs of Stringent Climate Policy
Massimo Tavoni, Richard S.J. Tol

International Cooperation on Climate Change Adaptation
from an Economic Perspective
Kelly C. de Bruin, Rob B. Dellink and Richard S.J. Tol

What Role for Property Taxes in Ireland?
7. Callan, C. Keane and J.R. Walsh

The Public-Private Sector Pay Gap in Ireland: What Lies
Beneath?
Elish Kelly, Seamus McGuinness, Philjp O'Connell

A Code of Practice for Grocery Goods Undertakings and An
Ombudsman: How to Do a Lot of Harm by Trying to Do a
Little Good

Paul K Gorecki

Negative Equity in the Irish Housing Market
David Duffy

Estimating the Impact of Immigration on Wages in Ireland
Alan Barrett, Adele Bergin and Elish Kelly

Assessing the Impact of Wage Bargaining and Worker
Preferences on the Gender Pay Gap in Ireland Using the
National Employment Survey 2003

Seamus McGuinness, Elish Kelly, Philip O'Connell, Tim
Callan

Mismatch in the Graduate Labour Market Among
Immigrants and Second-Generation Ethnic Minority Groups
Delma Byrne and Seamus McGuinness

Managing Housing Bubbles in Regional Economies under
EMU: Ireland and Spain

Thomas Conefrey and John Fitz Gerald

Job Mismatches and Labour Market Outcomes
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313

312

311

310

309

308

307

306

305

304

303

302

Kostas Mavromaras, Seamus McGuinness, Nigel O’Leary,
Peter Sloane and Yin King Fok

Immigrants and Employer-provided Training
Alan Barrett Séamus McGuinness, Martin O'Brien
and Philip O’Connell

Did the Celtic Tiger Decrease Socio-Economic Differentials
in Perinatal Mortality in Ireland?
Richard Layte and Barbara Clyne

Exploring International Differences in Rates of Return to
Education: Evidence from EU SILC

Maria A. Davia, Seamus McGuinness and Philip, J.
O’Connell

Car Ownership and Mode of Transport to Work in Ireland
Nicola Commins and Anne Nolan

Recent Trends in the Caesarean Section Rate in Ireland
1999-2006
Aoife Brick and Richard Layte

Price Inflation and Income Distribution

Anne Jennings, Sean Lyons and Richard S.J. Tol
Overskilling Dynamics and Education Pathways

Kostas Mavromaras, Seamus McGuinness, Yin King Fok

What Determines the Attractiveness of the European Union
to the Location of R&D Multinational Firms?

lulia Siedschlag, Donal Smith, Camelia Turcu, Xiaoheng
Zhang

Do Foreign Mergers and Acquisitions Boost Firm
Productivity?
Marc Schiffbauer, lulia Siedschiag, Frances Ruane

Inclusion or Diversion in Higher Education in the Republic
of Ireland?
Delma Byrne

Welfare Regime and Social Class Variation in Poverty and
Economic Vulnerability in Europe: An Analysis of EU-SILC
Christopher T. Whelan and Bertrand Maitre

Understanding the Socio-Economic Distribution and

Consequences of Patterns of Multiple Deprivation:
An Application of Self-Organising Maps
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Christopher T. Whelan, Mario Lucchini, Maurizio Pisati and

Bertrand Maitre
301 Estimating the Impact of Metro North
Edgar Morgenroth
300 Explaining Structural Change in Cardiovascular Mortality in

Ireland 1995-2005: A Time Series Analysis
Richard Layte, Sinead O’Hara and Kathleen Bennett

299 EU Climate Change Policy 2013-2020: Using the Clean
Development Mechanism More Effectively
Paul K Gorecki, Sean Lyons and Richard S.J. Tol

298 Irish Public Capital Spending in a Recession
Edgar Morgenroth
297 Exporting and Ownership Contributions to Irish

Manufacturing Productivity Growth
Anne Marie Gleeson, Frances Ruane

296 Eligibility for Free Primary Care and Avoidable
Hospitalisations in Ireland
Anne Nolan

295 Managing Household Waste in Ireland:

Behavioural Parameters and Policy Options
John Curtis, Sean Lyons and Abigail O'Callaghan-Platt

294 Labour Market Mismatch Among UK Graduates;
An Analysis Using REFLEX Data
Seamus McGuinness and Peter J. Sloane

293 Towards Regional Environmental Accounts for Ireland
Richard S.J. Tol , Nicola Commins, Niamh Crilly, Sean Lyons
and Edgar Morgenroth

292 EU Climate Change Policy 2013-2020: Thoughts on
Property Rights and Market Choices
Paul K. Gorecki, Sean Lyons and Richard S.J. Tol

201 Measuring House Price Change
David Duffy
290 Intra-and Extra-Union Flexibility in Meeting the European

Union’s Emission Reduction Targets
Richard S.J. Tol
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288

287

286

285

284

283

282

281

280

279

The Determinants and Effects of Training at Work:
Bringing the Workplace Back In
Philjp J. O'Connell and Delma Byrne

Climate Feedbacks on the Terrestrial Biosphere and the
Economics of Climate Policy: An Application of FUND
Richard S.J. Tol

The Behaviour of the Irish Economy: Insights from the
HERMES macro-economic model

Adele Bergin, Thomas Conefrey, John FitzGerald and Ide
Kearney

Mapping Patterns of Multiple Deprivation Using
Self-Organising Maps: An Application to EU-SILC Data for
Ireland

Maurizio Pisati, Christopher T. Whelan, Mario Lucchini and
Bertrand Maitre

The Feasibility of Low Concentration Targets:
An Application of FUND
Richard S.J. Tol

Policy Options to Reduce Ireland’s GHG Emissions
Instrument choice: the pros and cons of alternative policy
instruments

Thomas Legge and Sue Scott

Accounting for Taste: An Examination of Socioeconomic
Gradients in Attendance at Arts Events
Pete Lunn and Elish Kelly

The Economic Impact of Ocean Acidification on Coral Reefs
Luke M. Brander, Katrin Rehdanz, Richard S.J. Tol, and
Pieter J.H. van Beukering

Assessing the impact of biodiversity on tourism flows: A
model for tourist behaviour and its policy implications
Giulia Macagno, Maria Loureiro, Paulo A.L.D. Nunes and
Richard S.J. Tol

Advertising to boost energy efficiency: the Power of One
campaign and natural gas consumption
Sean Diffney, Sean Lyons and Laura Malaguzzi Valeri

International Transmission of Business Cycles Between

Ireland and its Trading Partners
Jean Goggin and lulia Siedschlag
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278
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275
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273

272

271

270

269

268

267

266

Optimal Global Dynamic Carbon Taxation
David Anthoff

Energy Use and Appliance Ownership in Ireland
Eimear Leahy and Sean Lyons

Discounting for Climate Change
David Anthoff, Richard S.J. Tol and Gary W. Yohe

Projecting the Future Numbers of Migrant Workers in the
Health and Social Care Sectors in Ireland
Alan Barrett and Anna Rust

Economic Costs of Extratropical Storms under Climate
Change: An application of FUND
Daiju Narita, Richard S.J. Tol, David Anthoff

The Macro-Economic Impact of Changing the Rate of
Corporation Tax
Thomas Conefrey and John D. Fitz Gerald

The Games We Used to Play

An Application of Survival Analysis to the Sporting Life-
course

Pete Lunn

Exploring the Economic Geography of Ireland
Edgar Morgenroth

Benchmarking, Social Partnership and Higher
Remuneration: Wage Settling Institutions and the Public-
Private Sector Wage Gap in Ireland

Elish Kelly, Seamus McGuinness, Philip O’Connell

A Dynamic Analysis of Household Car Ownership in Ireland
Anne Nolan

The Determinants of Mode of Transport to Work in the
Greater Dublin Area

Nicola Commins and Anne Nolan

Resonances from Economic Development for Current
Economic Policymaking

Frances Ruane

The Impact of Wage Bargaining Regime on Firm-Level
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260
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255

Competitiveness and Wage Inequality: The Case of Ireland
Seamus McGuinness, Elish Kelly and Philjip O'Connell

Poverty in Ireland in Comparative European Perspective
Christopher T. Whelan and Bertrand Maitre

A Hedonic Analysis of the Value of Rail Transport in the
Greater Dublin Area
Karen Mayor, Sean Lyons, David Duffy and Richard S.J. Tol

Comparing Poverty Indicators in an Enlarged EU
Christopher T. Whelan and Bertrand Maitre

Fuel Poverty in Ireland: Extent,

Affected Groups and Policy Issues

Sue Scott, Sedn Lyons, Claire Keane, Donal McCarthy and
Richard S.J. Tol

The Misperception of Inflation by Irish Consumers
David Duffy and Pete Lunn

The Direct Impact of Climate Change on Regional Labour
Productivity

Tord Kjellstrom, R Sari Kovats, Simon J. Lloyd, Tom Holt,
Richard S.J. Tol

Damage Costs of Climate Change through Intensification of
Tropical Cyclone Activities:

An Application of FUND

Daiju Narita, Richard S. J. Tol and David Anthoff

Are Over-educated People Insiders or Outsiders?
A Case of Job Search Methods and Over-education in UK
Aleksander Kucel, Delma Byrne

Metrics for Aggregating the Climate Effect of Different
Emissions: A Unifying Framework

Richard S.J. Tol, Terje K. Berntsen, Brian C. O'Neill, Jan S.
Fuglestvedt, Keith P. Shine, Yves Balkanski and Laszlo
Makra

Intra-Union Flexibility of Non-ETS Emission Reduction
Obligations in the European Union
Richard S.J. Tol

The Economic Impact of Climate Change
Richard S.J. Tol
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Richard S.J. Tol
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Ireland
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Scott
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7im Callan and Claire Keane
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Gavin Murphy and lulia Siedschlag
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