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Abstract 
The innovation value chain (IVC) divides the innovation process into three separate 
links or activities: knowledge gathering, knowledge transformation and knowledge 
exploitation. Here, we report a comparative panel data analysis of the IVC in Ireland 
and Switzerland. Both economies are small, very open and depend significantly on 
innovation to maintain competitive advantage. In recent years, however, R&D and 
innovation growth in Ireland has been markedly stronger than that in Switzerland. We 
investigate these differences through the ‘lens’ of the IVC. We identify significant 
similarities between the determinants of firms’ knowledge gathering behaviours in 
each country although firms are responding differently to financial and legal 
constraints. Strong complementarities emerge between external knowledge sources 
and between firms’ internal and external knowledge. In terms of knowledge 
transformation – the development of new products or processes – we again find strong 
similarities between the two countries in terms of the determinants of the probability 
of innovation. The determinants of innovation intensity vary more, however, with 
external ownership significantly more important in Ireland. Finally, we consider the 
link between innovation and productivity which involves significant endogeneity 
issues. Two-stage estimation procedures do not suggest any significant links between 
innovation and productivity as we might expect from the macro-economic evidence.  
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1. Introduction  

For small open economies such as Ireland and Switzerland, without significant natural 

resource endowments, innovation is an important element of sustained international 

competitiveness (Guellec and van Pottelsberghe 2004). This is perhaps most obvious 

in manufacturing products where Europe’s high-cost producers compete in 

increasingly globalised markets. Innovation itself, however – the introduction of a 

new product or process – is only part of a wider process through which firms gather or 

create knowledge, translate that knowledge into specific market offerings, and then 

seek to exploit these products or process in the market1. Here, we are interested in 

modelling this innovation value chain (IVC) in Ireland and Switzerland, beginning 

with firms’ attempts to assemble the bundle of different types of knowledge necessary 

for innovation (Hansen and Birkinshaw 2007; Roper, Love, and Du 2008). This may 

involve firms’ in-house R&D activities alongside, and either complementing or 

substituting for, external knowledge sources (Pittaway et al. 2004)2. Following firms’ 

knowledge sourcing activity, the next link in the innovation value chain is the 

transformation of knowledge into physical innovations – new products or processes. 

This we model using the standard innovation production function approach (Geroski 

1990; Love and Roper 1999) which relates innovation outputs (i.e. new products or 

processes) to knowledge inputs. In the spirit of models of open innovation, however, 

we allow firms’ innovation outputs to reflect both internally-generated knowledge – 

the result of in-house R&D - and different types of knowledge sourced from external 

partners. The final link in the IVC relates to the exploitation of firms’ innovations, i.e. 

the generation of added value. This we model using an innovation augmented 

production function (Geroski, Machin, and Van Reenen 1993).  

 

Our empirical comparison relates to Ireland and Switzerland which despite common 

international trading environments have demonstrated very different economic growth 

rates and innovation performance over recent years3. The Republic of Ireland – the so 

called ‘Celtic Tiger’ – achieved economic growth rates averaging around 9.7 per cent 

                                                 
1 Other firms may then benefit of course as knowledge or productivity spill-overs may also then lead to 
improvements in the performance of other co-related or co-located firms (Klette, Moen, and Griliches 
2000; Beugelsdijck and Cornet 2001). 
2 Cassiman and Veugelers (2002), for example, find evidence of a complementary relationship between 
firms’ internal R&D and firms’ ability to benefit from external knowledge sources. Other studies, 
however, have identified a substitute relationship between internal knowledge investments and external 
knowledge sourcing. Schmidt (2005, p. 14), for example, notes that for Germany ‘firms with higher 
R&D intensities have a lower demand for external knowledge than firms with lower R&D intensities. 
The more R&D is done in-house the more knowledge is generated internally, and the less external 
knowledge is required’. 
3 Here we use the term Republic of Ireland to refer to the Irish nation state and Ireland to refer to the 
whole island of Ireland including both the Republic of Ireland and the UK region of Northern Ireland.  
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between 1995 and 2004 (Northern Ireland 3.0 per cent) compared to an average of 1.4 

per cent GDP growth in Switzerland4. Similarly, export growth averaged 9.9 per cent 

pa in the Republic of Ireland over the same period compared to an average of 1.9 per 

cent in Switzerland between 1995 and 2004. Conversely, over the period covered by 

our study (1994 to 2005) business R&D spending in Switzerland increased steadily 

reaching 2.1 per cent of GDP in 2004, with public R&D spending accounting for 

about 0.8 per cent of GDP. In the Republic of Ireland, R&D spending accounted for 

1.25 per cent of GDP in 2004 (1.48 per cent of GNP) with public R&D spending 

accounting for around 0.55 per cent of GDP (see Table 1) 5.   

 

A priori these contrasts in economic and R&D performance suggest that we might 

anticipate stronger innovation impacts on economic performance in Ireland than in 

Switzerland. Or, in terms of the IVC model, that we would anticipate stronger 

linkages between knowledge gathering, transformation and exploitation in Ireland. 

We begin in Section 2 by outlining our view of the innovation value chain and relate 

this to other theories of the firm. Section 3 describes our application of the innovation 

value chain model to data for manufacturing firms in Switzerland and Ireland. Section 

4 reports the main empirical findings and Section 5 concludes with a brief review of 

the key empirical results and the policy and strategy implications.  

 

2. Conceptual Foundations 

Our focus here is the process through which firms’ source, transform and exploit new 

– and potentially pre-existing – knowledge through innovation in the Swiss and Irish 

economies. At a fundamental level, this process can be seen as part of a broader 

evolutionary (Lamarkian) dynamic in which product and process technologies are 

steadily refined - and occasionally transformed – and in which firms upgrade their 

innovation capabilities through organisational learning (Nelson and Winter 1982). We 

interpret the innovation process as potentially ‘open’, however, emphasising the 

importance of the national innovation system within which firms are operating, and 

the potential benefits of operating in an environment where there exist rich external 

knowledge sources and extensive networking opportunities (Edquist 2004; Nelson 

1993; Edquist and Hommen 2008).  

 

                                                 
4 For the Swiss data see KOF-Analysen (2007). 
5 Irish GDP and exports data from www.cso.ie. R&D data from Research and Development Statistics in 
Ireland, 2006, Forfas, Dublin. GDP figures for Northern Ireland from UK National Statistics.  
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Within this perspective, the first link in the innovation value chain is firms’ 

knowledge sourcing activity, and here we focus, in particular, on the factors which 

shape firms’ engagement with alternative knowledge sources. More specifically, we 

identify five different types of knowledge sourcing activity which might shape firms’ 

innovation: in-house R&D (Shelanski and Klein 1995); forward linkages to customers 

(Joshi and Sharma 2004; Love and Mansury 2007); backward links to either suppliers 

or external consultants (Horn 2005; Smith and Tranfield 2005); horizontal linkages to 

either competitors or through joint ventures (Hemphill 2003; Link, Paton, and Siegel 

2005); and, linkages to universities or other public research centres (Del Barrio-Castro 

and Garcia-Quevedo 2005). We then allow for potential complementarities or 

substitute relationships between knowledge derived from different sources (Veugelers 

and Cassiman 1999; Love and Roper 2004). Complementarities may arise, for 

example, between knowledge sources due to firms’ improved scanning ability for 

external knowledge, the ability to substitute effectively internally generated for 

externally sourced knowledge or vice-versa, or enhanced absorptive capacity (Cohen 

and Levithal, 1989). Other studies, however, have identified a substitute relationship 

between internal knowledge investments and external knowledge sourcing. Schmidt 

(2005, p. 14) for example, notes that for Germany ‘firms with higher R&D intensities 

have a lower demand for external knowledge than firms with lower R&D intensities. 

The more R&D is done in-house the more knowledge is generated internally, and the 

less external knowledge is required’ (see also Love and Roper, 2001). In what follows 

we begin from this latter position, anticipating that firms with larger in-house 

knowledge resources are less likely to need to engage in external knowledge sourcing 

(Schmidt 2005). We summarise the probability that firms will engage in each of the 

five knowledge sourcing activities as follows:  

 

KSjit = Σk βk KSkit + γ0 R jit + γ1 GOVTjit + εijt      (1) 

(i: 1,…N; firm; j, k: 1,…5; sourcing activity; j≠k; t= 1,…T)  

 

Where KSjit stands for the ith firm’s knowledge sourcing activity j (or k) at time t. The 

error term εjit is assumed to follow a multivariate normal distribution with mean zero 

and variance-covariance matrix V, where V has values of 1 on the leading diagonal 

and ρjk=ρkj for j≠k. For any j, KSkit represents each firm’s other knowledge sourcing 

activities. If β is positive this would suggest a complementary relationship between 

firms’ knowledge sourcing activities; negative β would suggest a substitute 

relationship. RIjit is a set of indicators of firms’ knowledge resources and, as indicated 

earlier, we expect γ0 to be negative. GOVTjit reflect access to government support for 
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innovation and upgrading and in the light of general evidence on the additionality of 

government innovation support anticipate that γ1 will be positive (Buiseret, Cameron, 

and Georgiou 1995; Falk 2004; Luukkonen 2000; OECD 2006).  

 

The second link in the innovation value chain is the process of knowledge 

transformation, in which knowledge sourced by the enterprise is translated into 

innovation outputs. This is modelled using an innovation or knowledge production 

function in which the effectiveness of firms’ knowledge transformation activities is 

influenced by firms’ own knowledge resources (Griliches 1992; Love and Roper 

1999). In terms of innovation outputs, we follow the suggestion of Pittaway et al. 

(2004) who emphasise the importance of examining both product and process 

innovation, and we anticipate that knowledge from different sources may have 

differential product and process effects. Joshi and Sharma (2004), for example, 

suggest the importance of knowledge of customers’ preferences in shaping firms’ 

innovation success, while Roper et al. (2008) emphasise the greater value of 

backwards and public knowledge linkages for process change. This suggests the 

possibility of different routes through which knowledge of different types might 

influence different aspects of firms’ innovation activity and hence business 

performance. In general terms we write the innovation production function as:  

 

INNOit = Σk φ0k KSkit + φ1 RI’ it + φ2 GOVTit +uit     (2) 

 

Where INNOit is an innovation output indicator, k=1,…,5, indicate the alternative 

knowledge sources identified earlier, uit is the error term and other variable definitions 

are as above. In the innovation production function, we have different sign 

expectations for some of the independent variables from that in the knowledge 

sourcing equations. In particular, where firms’ internal knowledge resources are 

strong we would expect this to contribute positively to the efficiency with which firms 

develop new innovations but to discourage knowledge sourcing (Crepon et al. 1998; 

Loof and Heshmati 2001, 2002). However, as in the knowledge sourcing models, we 

expect firms’ innovation outputs to be positively related to government assistance 

(Link, Paton, and Siegel 2005).  

 

The final link in the innovation value chain is knowledge exploitation, i.e. the process 

by which enterprise performance is influenced by innovation (Geroski, Machin, and 

Van Reenen 1993). At this point we envisage that firms’ acquired knowledge has been 
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codified into specific product or process innovations. It is therefore these variables, 

which represent the firms’ new market offerings, that might drive enhanced business 

performance, and which provide the link between firms’ knowledge sourcing 

activities and performance. The strength of this linkage, however, will depend on 

firms’ ability to effectively implement their new products or processes and then 

appropriate the full market rent from their innovations. To model this effect we use an 

augmented production function including the innovation output measures on the right 

hand side. Firm characteristics – including capital intensity - are used to capture firms’ 

ability to appropriate post-innovation returns. The augmented production function is 

expressed as: 

 

BPERFit = λ0 INNOit + λ1 Xit + vit        (3) 

 

Where BPERFit is an indicator of business performance – here labour productivity or 

value-added per employee, INNOit is a vector including innovation outputs measures 

for both process and product innovation, and Xit is a set of enterprise specific 

variables that are hypothesized to affect productivity. 

 

3. Data and methods  

Our empirical analysis is based on data from two sources: the Irish Innovation Panel 

(IIP) which provides information on the innovation activities of Irish manufacturing 

firms (both in the Irish Republic and Northern Ireland) and the Swiss innovation panel 

(SIP) which provides information on the activities of Swiss manufacturing firms. The 

Irish Innovation Panel provides information on manufacturing plants’ technology 

adoption, networking and performance over the period 1991-2005. More specifically, 

the IIP comprises five surveys or waves conducted using similar survey 

methodologies and questionnaires with common questions (Roper and Hewitt-Dundas 

1998; Roper and Love 2005; Roper 1996). Each of the five surveys covers the 

innovation activities of manufacturing establishments with 10 or more employees 

over a three year period. For manufacturing each of the five surveys was undertaken 

by post using a sampling frame provided by the economic development agencies in 

Ireland and Northern Ireland6. The IIP is a highly unbalanced panel reflecting non-

                                                 
6 The initial survey, undertaken between October 1994 and February 1995, related to plants’ innovation 
activity over the 1991-93 period, and achieved a response rate of 38.2 per cent (Roper et al., 1996; 
Roper and Hewitt-Dundas, 1998, Table A1.3). The second survey was conducted between November 
1996 and March 1997, covered plants’ innovation activity during the 1994-96 period, and had a 
response rate of 32.9 per cent (Roper and Hewitt-Dundas, 1998). The third survey covering the 1997-
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response but also the closure and opening of manufacturing units over the 15 year 

period covered by the panel. The panel itself contains 4525 observations from 2564 

establishments and representing an overall response rate of 33.2 per cent (Northern 

Ireland, 39.1 per cent; Ireland 30.5 per cent). Here our analysis is based on the most 

recent four waves of the IIP covering the 1994 to 2005 period.  

 

In the IIP firm’s knowledge sourcing activities are represented by a series of binary 

variables denoting whether they had in-house R&D and whether they link to different 

types of partners as part of their innovation activity over the previous three years7. 

Across the panel, the most common form of knowledge sourcing was in-house R&D, 

being undertaken by 47.4 per cent of establishments (Table 2). In terms of firms’ 

external knowledge sourcing activities the IIP like other innovation surveys suggests 

that linkages along the supply chain are most common as part of firms’ innovation 

activity - backwards linkages (32.2 per cent) were most common followed by 

forwards linkages (25.7 per cent). Horizontal linkages (11.7 per cent) and links to 

public knowledge sources (17.3 per cent) were less common but still formed a 

potentially important part of the knowledge sourcing strategies of a significant 

proportion of enterprises.  

 

Innovation in the IIP is represented by three main variables. First, the proportion of 

firms’ total sales (at the end of each three year period) derived from products newly 

introduced during the previous three years. This variable – “innovation success” - 

reflects not only firms’ ability to introduce new products to the market but also their 

short-term commercial success. On average, 15.1 per cent of firms’ sales were derived 

from new products across the IIP (Table 2). The second innovation output measure is 

a binary indicator of product innovation which reflects the extent of product 

innovation within the target population. The third innovation output measure is a 

similar binary indicator of process innovation, an indication of the extent of process 

innovation within the target population8. Over the whole sample, 63.9 per cent of 

firms were product innovators while 58.2 per cent were process innovators (Table 2). 

Notably, however, the overlap between the group of product and process innovators 

                                                                                                                                            
99, period was undertaken between October 1999 and January 2000 and achieved an overall response 
rate of 32.8 per cent (Roper and Anderson, 2000). The fourth survey was undertaken between 
November 2002 and May 2003 and achieved an overall response rate of 34.1 per cent. The IIP5, 
conducted between January and June 2006, had an overall response rate of 28.7 per cent. 
7 Variable definitions are included in Table A1. Tables A2 and A3 report variable covariances.  
8 For this variable a product (process) innovator was defined as an establishment which had introduced 
any new or improved product (process) during the previous three years.  
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was not complete: around 70.2 per cent of product innovators were also process 

innovators, with 75.3 per cent of process innovators also being product innovators.  

 

Swiss innovation data provides information on manufacturing firms’ innovation 

performance, innovation input, R&D cooperation, external knowledge sources, IPR, 

innovation obstacles, technological potential, and public innovation promotion over 

the period 1990 – 2005 (triennial). However the questionnaires in 1990 and 1993 were 

much less comprehensive than the later ones. The surveys are conducted based on a 

stratified random sample from the Swiss business census on firms with more than 5 

employees (firm panel) covering the manufacturing, construction, and service sectors. 

For the international comparison at hand we refer to firms with 10 or more employees. 

Only data from the manufacturing sector and only data from the surveys 1996, 1999, 

2002, and 2005 are used in this investigation. The SIP contains around 3000 

manufacturing firms and the response rates are 33.5 per cent, 33.8 per cent, 44.6 per 

cent, and 41.6 per cent for the years 1996, 1999, 2002, and 2005 respectively. Like the 

IIP, the Swiss innovation panel is a highly unbalanced panel, reflecting non-response9. 

 

Looking at the three innovation output measures, we find that in the SIP the 

proportion of new (innovative) products on total sales averages around 13 per cent 

slightly under the 15 per cent in Irish firms (see Table 3)10. The second innovation 

indicator we use is the proportion of firms undertaking product innovations. In 

Switzerland, this share decreased from 72 per cent in 1996 to 55 per cent in 2005, an 

average of around 68 per cent compared to 63 per cent in Ireland (Table 3). The third 

innovation indicator is the proportion of firms undertaking process innovation. Here, 

the Swiss share also decreased over the years from 71 per cent in 1996 to 45 per cent 

2005, averaging 58 per cent (Ireland, 59.2 per cent).  

 

In addition to firms’ knowledge sourcing and innovation activities the IIP and SIP 

provide a range of indicators of the strength of firms’ internal knowledge resources. 

This include variables which might give a quantitative indication of the scale of firms’ 

knowledge resources – e.g. plant size, finance constraints – as well as other factors 

which might suggest the quality of firms’ in-house knowledge base – e.g. multi-

nationality, plant vintage, human resource quality and production type. Multi-

                                                 
9 For a detailed discussion of methodology, questionnaires, and descriptive results for the SIP see 
Arvanitis et al. (1998, 2001, 2004, and 2007). 
10 The figures for the respective years include also non-response weights, while the overall average is 
only firm-weighted.  
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nationality is included here to reflect the potential for intra-firm knowledge transfer 

between national markets and plants, while plant vintage is intended to reflect the 

potential for cumulative accumulation of knowledge capital by older establishments 

(Klette and Johansen 1998), or plant life-cycle effects (Atkeson and Kehoe 2005).  

Since Griliches (1995), literature on publicly funded R&D has suggested repeatedly, 

that government support for R&D and innovation can have positive benefits for firms’ 

innovation activity both by boosting levels of investment and through its positive 

effect on organisational capabilities (Buiseret, Cameron, and Georgiou 1995)11. 

Arguably, this is particularly important in Ireland and Northern Ireland, which during 

much of the period covered by the IIP enjoyed EU Objective 1 status which provided 

resources for substantial investments in developing innovation and R&D capability 

(Meehan 2000; O'Malley, Roper, and Hewitt-Dundas 2008). Indeed, over the sample 

period we find nearly a third of Irish firms receiving support for innovation or 

investment, around four times as large a proportion as that in Switzerland (Table 2). 

Finally, to reflect potential differences in the operating environment between the 

Republic of Ireland and Northern Ireland we include a locational dummy which takes 

value 1 if a plant is located in Northern Ireland.  

 

Two sets of econometric issues arise in the estimation of the innovation value chain 

model. These relate first to potential simultaneity between elements of the value chain 

and secondly to the choice of appropriate estimators for each value chain element. In 

the context of the survey data considered here, however, with a number of missing 

values and unbalanced panels estimation decisions also need to take into account 

potential efficiency losses where we allow for simultaneity. To estimate the 

simultaneous knowledge sourcing equations (1) where the dependent variables are 

binary indicators of firms’ use of individual knowledge sources, for example, the most 

efficient approach would be multivariate probit. As Greene (2000) p. 616 notes, 

however, the efficiency gains from MVP are likely to be reduced where the 

anticipated determinants of each knowledge sourcing activity are similar and there is 

potential simultaneity between the knowledge sourcing activities. Other difficulties 

arise in the application of an MVP approach to our survey data. First, adopting a 

simultaneous estimation approach exacerbates the loss of observations due to missing 

data in our sample, offsetting any gains in statistical efficiency. Second, in practice, 

achieving convergence with an MVP estimator places some limits on the degree of 
                                                 
11 Trajtenberg (2001), for example’ offers more direct evidence on the links between public R&D 
support and firms' proprietary knowledge base. In his examination of government support for 
commercial R&D in Israel operated by the Office of the Chief Scientist (OCS), he concludes that 
‘industrial R&D expenditures are closely linked (with a reasonable lag) to patents, and so are R&D 
grants awarded by the OCS'. 
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simultaneity which it is possible to include (Roper 2006 ). In our IVC estimates this is 

particularly undesirable because in the first stage of the IVC we are interested in the 

complementary or substitute relationship between knowledge sourcing activities. 

Instead of using MVP we therefore prefer to adopt a simpler approach using five 

simple probit models, one for each knowledge sourcing activity. This approach, while 

sacrificing some statistical efficiency, provides substantial gains in terms of the 

number of observations used, and our ability to reflect more fully the relationship 

between knowledge sourcing activities.  

 

The appropriate estimation method for the innovation production function depends 

primarily on the nature of the dependent variable. Binary indicators for product or 

process innovation again suggest simple probit models, while the percentage of sales 

derived from new products has both upper and lower bounds and suggests Tobit. A 

potential issue at this stage of the innovation value chain, however, is selectivity bias 

(e.g. Lööf and Heshmati, 2002). In the innovation production function this may arise 

from two main sources. First, the group of innovating firms may be self-selecting in 

some sense inducing a bias between the expected values of the parameters of the 

estimated innovation production function and the data generating mechanism for the 

population as a whole. Or, due to sample design, non-response, or survey 

methodology, the selected sample may be atypical in some way of the underlying 

population. Elsewhere (i.e. Love et al., 2006), we have explored the potential 

importance of such selection bias in the innovation decision using the IIP with largely 

reassuring results, suggesting little evidence of any significant selection bias in the 

innovation decision, perhaps due to the broadly-based and nationally representative 

sampling approach used in our survey data and the particular questioning approach 

adopted12. For the Swiss data a short survey of a random sample of the non-

respondents showed that there is no discernible selection bias. In the estimation of 

equation (2) reported here we therefore base our analysis on standard econometric 

approaches, although for comparison we also report additional estimates of equation 

(2) for innovation success based on the sample of product innovators only (i.e. 

excluding the lower limit value)13. 

                                                 
12 For example, non-response surveys conducted after each main survey suggested little evidence of 
any systematic difference in innovation behaviours between respondents and non-respondents (e.g. 
Roper and Hewitt-Dundas, 1998, Annex 1). Question non-response was also relatively limited. For 
example, 91 per cent of respondents indicating they were product innovators (binary response) also 
provided information on the extent of their innovation activity.  
13 Another potential issue is multi-collinearity between the knowledge sourcing variables themselves 
and other elements of the innovation production function (compare equations (1) and (2), for example). 
In practice, however, we find something of an empirical separation between the two models with 
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Two main econometric issues arise in operationalising the augmented production 

function (equation 3) – heterogeneity in performance outcomes and potential 

endogeneity of the innovation output measures. In terms of heterogeneity, it is clear 

that very large variations can exist in business performance even in narrowly defined 

industries14. In practice this proves to be more of an issue in the IIP than our Swiss 

data, and to counter any bias introduced by potential outliers we therefore exclude a 

small proportion of extreme values in the Irish productivity equations. The potential 

endogeneity of innovation output measures in models of business performance has 

been discussed extensively in the literature, and a range of potential approaches have 

been adopted including two-stage estimation methods (e.g. Crépon et al, 1998) and 

the simultaneous estimation of the innovation and augmented production functions 

(e.g. Lööf and Heshmati, 2002). Here, we report two alternative estimations of the 

augmented production functions first including the innovation output terms directly 

on the RHS, and secondly a two-stage procedure in which these are replaced by the 

fitted values from the relevant innovation production functions (i.e. equation 2). 

Happily the results from the two different estimation approaches are broadly similar.  

 

4. Empirical Results 

The initial link in the innovation value chain is firms’ knowledge sourcing activity. 

Panel data probit models (with random effects) for each of the knowledge sourcing 

activities are reported in Table 3 for Switzerland and Ireland. Two issues are of 

particular interest here: first, what pattern of complementarity or substitutability exists 

between firms’ knowledge sourcing activity; and, secondly, what other factors 

determine firms’ knowledge sourcing behaviour. Our results suggest marked 

similarities between both patterns of complementarity between knowledge sourcing 

activities in Switzerland and Ireland and also in the influence on knowledge sourcing 

of the majority of other factors included in the models (Table 3). 

 

In terms of the relationship between knowledge sourcing activities, these are almost 

universally complementary in both countries (Table 3). For Switzerland we see strong 

and significant and positive associations between in-plant R&D and forward 

knowledge sourcing and between in-plant R&D and public knowledge sourcing (also 

in accordance to Woerter 2008). In Ireland, we see similar significant positive 
                                                                                                                                            
different factors determining firms’ knowledge sourcing and knowledge transformation (compare 
Tables 3 and 4). In practice this should minimise any multi-collinearity issues.  
14 See Caves(1998) for a survey and on innovation behaviour see Lööf and Heshmati (2002). 
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associations but also find a significant positive association between in-plant R&D and 

backwards knowledge sourcing. This complementarity between internal knowledge 

generation (i.e. in-plant R&D) and external knowledge sourcing is consistent with the 

results of Cassiman and Veugelers (2002) but runs contrary to the results of Schmidt 

(2005) and Love and Roper (2001) which both suggest a substitution relationship 

between internal R&D activity and external knowledge sourcing (see also Irwin 

1996). We also find strong evidence of complementarity between different external 

knowledge sourcing activities for both Switzerland and Ireland with forwards and 

backward knowledge sourcing and backward and public knowledge sourcing being 

particularly strongly linked (Table 3). One possible explanation is that enterprises are 

obtaining economies of scope as they learn to manage external relationships 

effectively and so benefit more from extending the range of their external knowledge 

sourcing activities.  

 

In terms of the other determinants of knowledge sourcing our results suggest - 

contrary to expectations - that the probability of external knowledge sourcing is 

positively related to firms’ internal knowledge resources (Schmidt, 2005). For 

example, for Ireland we find for in-house R&D as well as for public sourcing, for 

Switzerland only for in-house R&D a non-linear (inverted ‘U’) shape relationship 

between each knowledge sourcing activity and plant size which we interpret as an 

indicator of the likely scale of firms’ internal knowledge resources (Table 3). Skill 

levels – measured by the proportion of the workforce with a degree level qualification 

– are also positively related to knowledge sourcing in both countries, suggesting a link 

between the quality of firms’ in–house knowledge resources and external knowledge 

sourcing (Table 3). The strongest skill effects are evident in terms of in-plant R&D 

and public knowledge sourcing which includes that from universities. The latter 

effect, in particular, may reflect the personal networks of firms’ graduate employees 

(Santoro and Bierly 2006; Perkmann and Walsh 2007). As we anticipate that public 

support for R&D and innovation is also resource augmenting in some sense it is not 

surprising that this too has positive effects on knowledge sourcing in both countries, 

increasing the probability of in-house R&D and also collaboration with public 

knowledge sources.  

 

More significant differences were observed between the impact of financial and legal 

constraints on knowledge sourcing behaviours in the two countries. In Switzerland, 

financial constraints were having no effect on firms’ in-plant R&D (also in 

accordance to the findings in Arvanitis 2008) but were increasing the probability that 
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firms were engaging in forwards or horizontal knowledge sourcing. One potential 

interpretation is that Swiss firms were reacting to this financial pressure by trying to 

reduce the financial risk of innovation, either by risk sharing through innovation 

partnerships (horizontal links), or by ensuring that their innovations met customer 

needs (forward links) (Irwin 1996). In Ireland, firms’ response to financial constraints 

on innovation seems less complex with financial constraints associated instead with 

less likelihood that firms were undertaking in-plant R&D. Legislative or regulatory 

constraints also had different influences on knowledge sourcing in the two countries. 

In Switzerland, legislative constraints were associated with a lower probability of in-

house R&D but increased probabilities of all other knowledge sourcing activities 

(Table 3). In Ireland, legislative barriers were generally having a weaker effect on 

external knowledge sourcing but were associated with an increased probability that a 

firm would be undertaking in-house R&D. This contrast suggests that firms in the two 

countries were adopting different strategies for coping with regulatory restrictions on 

their innovation activity, although both involved additional knowledge sourcing. In 

Ireland, firms were adopting a more self-sufficient approach with an increased 

probability of in-plant R&D; in Switzerland more collaborative responses are evident 

with increases in external knowledge sourcing.  

 

Whether or not a plant was externally owned was also having a different effect on 

knowledge sourcing in two countries. In Switzerland, externally-owned firms had 

essentially similar profiles of knowledge sourcing activity to Swiss-owned firms 

although they were more likely to be engaged in horizontal innovation partnerships. In 

Ireland, differences between knowledge sourcing by externally-owned and locally-

owned firms are more extensive with externally-owned firms: less likely to be 

engaging in in-house R&D, but more likely to be engaging in backwards or public 

knowledge sourcing. This reflects earlier discussion of the differences between 

externally-owned and indigenously-owned firms in Ireland with the former generally 

thought to have higher levels of technological capability (Wrynn 1997; Hewitt-

Dundas et al. 2002). Differences in the impact of external ownership on patterns of 

knowledge sourcing in the two countries may also reflect differences in the nature of 

inward investment: partner seeking in Switzerland and resource or market seeking in 

Ireland (Driffield 2005). 

 

In summary, we find that knowledge sourcing in both Ireland and Switzerland is 

marked by strong complementarities, perhaps suggesting economies of scope in the 

management of firms’ external relationships. We also find strong similarities in the 
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effect of indicators of firms’ knowledge resources on knowledge sourcing: in both 

economies firms with stronger internal knowledge resources seem more likely also be 

engaging in external knowledge sourcing. We therefore find little evidence for the 

type of substitution of external for internal knowledge suggested by the resource 

based view. Rather our results are suggestive of a Schumpeter Mark 2 model with 

firms with strong pre-existing knowledge resources most active in seeking to reinforce 

those advantages.  

 

The second link in the innovation value chain is the transformation of knowledge into 

product and process innovation represented by the innovation production function 

(equation 2). Here, we are interested in the contribution of each knowledge source to 

innovation as well the effect of factors contributing to the efficiency of enterprises’ 

knowledge transformation activity. Estimates of the innovation production functions 

for the three innovation output measures, and for the two countries, are reported in 

Table 4. The final column in Table 4 reports sub-sample estimates for enterprises with 

non-zero innovation success.  

 

Knowledge sourcing of different types has, as expected, a generally positive and 

significant impact on innovation. In-plant R&D, for example, has a strongly positive 

and significant effect on the probability of undertaking both product and process 

innovation in each country as well as on the proportion of sales from innovative firms. 

Interestingly, however, in Ireland in-plant R&D has a weak negative effect on 

innovation intensity where the model is estimated only for the sub-sample of 

innovative firms. The suggestion is that R&D is having somewhat different 

innovation effects in the two countries: in Ireland, in plant R&D is boosting the 

likelihood of enterprises engaging in product innovation, but having little impact on 

the market success of that innovation activity; in Switzerland R&D is having positive 

effects both on the probability that firms will engage in innovation but also in the 

market success of that innovation activity. This, perhaps, reflects the point made 

earlier about the greater tendency for Swiss firms to engage customers in their 

innovation attempts.  

 

As expected, forward knowledge sourcing has significant positive influence on both 

the probability of undertaking product innovation as well as innovation success in 

both countries. In both countries forward knowledge sourcing also has only a 

marginally significant and positive effect on the probability of process innovation 
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perhaps reflecting the stronger impact of customer-led innovation on product rather 

than process change (Karkkainen, Phiippo, and Tuominen 2001) (Table 4). Reflecting 

their differential importance in the population of Irish and Swiss firms (Table 2) 

backwards and horizontal knowledge sourcing have different innovation effects in the 

two countries. In Switzerland neither sort of linkage has any consistent innovation 

effect (with the exception of the positive effect of backward sourcing on process 

innovation; see Arvanitis 2008 for more detailed Swiss results), while in Ireland both 

horizontal and backwards linkages have significant product and process innovation 

effects (Table 4). As with in-house R&D, however, these effects are only important 

for the probability of innovation and prove less important for the success of 

innovation in the sub-sample estimation (Table 4). Finally, unlike the other 

knowledge sources, we find no evidence in either country that links to public 

knowledge sources (i.e. universities, public and industry-owned laboratories) have 

any positive impact on either the probability of process or product innovation, or the 

proportion of sales derived from innovative products (Table 4). In Switzerland, the 

effects of public knowledge sourcing is insignificant, a result consistent with the idea 

that innovations developed in university collaborations may take longer to come to 

fruition than those developed with commercial partners. The negative and significant 

effects from public knowledge sourcing in Ireland, however, are more difficult to 

explain (Jordan and O’Leary 2007). 

 

These direct effects from knowledge sourcing are not the whole story because, in 

addition to their direct effects on innovation, firms’ knowledge sourcing activities 

may also be having an indirect effect through their complementarity with other 

knowledge sourcing activities (Table 3). In house R&D, for example, is having a 

positive and significant direct effect on innovation (Table 4). However, it is also 

having a positive indirect effect on innovation through its complementary effect on 

the probability that firms will engage in forward knowledge sourcing (Table 3). This 

indirect effect is an ‘absorptive capacity’ effect of the sort envisaged by Cohen and 

Levinthal (1989, 1990) and Zahra and George (2002). Even where the direct effects of 

knowledge sourcing activities on innovation are negative, as in the case of public 

knowledge sourcing in Ireland, their overall effect may still be positive due to the 

balance between ‘direct’ and ‘absorptive capacity’ effects.   

 

Aside from the knowledge sourcing variables we see marked similarities between the 

sign patterns and significance of other key variables across the Swiss and Irish 

innovation production function estimates. Both suggest the anticipated positive 
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relationship between the strength of firms’ internal knowledge resources and, ceteris 

paribus, their level of innovation. Establishment size, for example, generates a 

significant inverted ‘U’ function for both countries for the probability of product and 

process innovation although, reflecting the findings of other studies, there is little 

clear relationship between plant size and the proportion of sales derived from 

innovative products. This suggests that the scale of firms’ internal knowledge 

resources is positively linked to the probability of innovation at least. Also, in both 

countries we see a clear positive relationship between skill levels and both the 

probability and market success of product innovation. Less intuitive perhaps is the 

common result that graduate skill levels are negatively, and significantly, related to 

process change in both countries.15 

 

As in terms of knowledge sourcing, we see no difference between the innovation 

activities of externally-owned and locally-owned firms in Switzerland (Table 4). In 

Ireland, however, we again see more marked differentials in the full-sample estimates: 

externally-owned firms in Ireland are significantly more likely to be undertaking 

product and process innovation, and also to have a higher proportion of sales derived 

from innovative products (Table 4). Focussing on innovative plants alone, however, 

suggests no significant difference between the innovation success of innovating Irish 

plants and innovating externally-owned plants. Plant vintage effects are also similar 

between the two areas with older firms equally likely to be undertaking product and 

process innovation but having significantly lower proportions of sales derived from 

innovative products in both countries. This is consistent with a life-cycle model of 

plant development which envisages declining levels of innovation and increasing 

product maturity as plants age (Atkeson and Kehoe 2005). 

 

Financial and regulatory constraints also have very similar effects on innovation 

outcomes in the two countries. In Switzerland, shortage of finance has a negative 

effect on the probability of product innovation only, while in Ireland its primary 

negative effect is on the probability of process change. Legislative effects are more 

mixed, having negative but insignificant effects on the probability of product 

innovation in both countries but having significant positive effects on both Swiss and 

Irish firms’ innovation success (Table 4). The implication is that legislation or 

                                                 
15 At least for Switzerland some evidence was found that multi-collinearity between the variable for in-
house R&D and the variable for graduate skill levels could be responsible for this negative effect. An 
estimate of the process innovation equation without the variable for in-house R&D showed a positive 
but statistically insignificant effect for graduate skill levels. 
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regulatory barriers may reduce the probability that firms becoming innovators but 

may create new opportunities for those firms which are already innovative.  

 

Government support for R&D and innovation also proves important in both countries 

increasing the probability of undertaking innovation in both areas and also the 

proportion of sales from innovative products in Ireland. This may reflect the efficacy 

of Irish innovation policy but may also capture the significantly larger proportion of 

Irish firms which received support for innovation during the study period. Some care 

is necessary in interpreting the policy implications of this result (Greene, 1997, p. 

982). In particular, the coefficients on the policy support – treatment terms – reflect 

the combination of ‘assistance’ and ‘selection’ effects16.  

 

To summarize, our innovation production functions worked out largely as anticipated, 

and with a rather surprising degree of similarity between the two countries in terms of 

the positive role of knowledge sourcing and firms’ internal knowledge resources in 

shaping innovation. Two interesting divergences occur, however. First, the profile of 

external knowledge sourcing effects on innovation is different in each country with 

the strongest impacts coming from forward knowledge sourcing in Switzerland but 

backwards knowledge sourcing being more important in Ireland. Also, only in Ireland 

do we find a negative public knowledge sourcing effect. Second, in Switzerland we 

see little divergence in the innovation behaviours of locally and externally-owned 

firms. This differs markedly from Ireland where externally-owned firms are more 

likely to be both product and process innovators.  

 

The final element of the innovation value chain relates (log) value added per 

employee to product innovation, innovation success and process innovation. Two 

different forms of the augmented production are considered here. The first relates log 

value added directly to the innovation output indicators (Table 5) and, in order to 

reduce any impact from the endogeneity of the innovation indicators, Table 6 relates 

log value added to the fitted values of the innovation production functions reported in 

Table 4.  

 

                                                 
16 Separately identifying the selection and assistance effects requires a different estimation approach to 
that adopted here. See Maddala (1983) pp. 257-290 for a general discussion of the issue and  Roper and 
Hewitt-Dundas (2001)for an application.   
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In the Swiss production functions the indicators for product (process) innovation and 

innovation success are positive (negative) but insignificant when included either in 

their natural forms (Table 5) or as fitted values (Table 6). The Irish results are 

uniformly less satisfactory than those for Switzerland with the innovation indicators 

taking uniformly negative signs in the production functions and largely being 

insignificant. The only significant coefficient however is that on the percentage of 

innovative products in the directly estimated models (Table 5). Including the 

predicted values of the innovation indicators for Ireland has little effect (Table 6) with 

innovation coefficients remaining negative and insignificant.  

 

In terms of our initial assertion these results provide little evidence for our hypothesis 

that innovation should be of greater importance for productivity in Ireland rather than 

Switzerland. Instead, other aspects of the production capability of firms prove much 

more important with plants which have higher capital intensity and skill endowments 

being significantly more productive. In both countries productivity also has an 

inverted ‘U’ shaped relationship to plant size and is higher in older plants. Notably 

too, externally-owned firms in both countries are significantly more productive than 

indigenously owned firms.  

 

5. Conclusions 

Over the last decade the economies of Ireland and Switzerland have grown at 

radically different rates as innovation has declined in Switzerland and remained 

broadly stable in Ireland. This raises the question of the contribution of innovation to 

explaining productivity in each country. Here we use the notion of the innovation 

value chain to explore the determinants of innovation in the two countries and its 

subsequent contribution to innovation at the firm level. The evidence suggests marked 

similarities between the determinants of innovation in the two countries but is perhaps 

less convincing in explaining productivity differences in the two economies. In 

particular, we find strong evidence for the importance of supply-side and capability 

influences in determining innovation outputs alongside firms’ use of external 

knowledge sources. Firms’ responses to regulatory and financial pressures do differ, 

however.  

 

In the first link in the IVC we find strong complementarities in between firms’ 

knowledge sourcing activities in both countries, perhaps suggesting economies of 

scope in the management of firms’ external relationships. We also find strong 
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complementarities between firms’ internal knowledge resources and their engagement 

with external knowledge sources for innovation. This tends to contradict the type of 

substitution of external for internal knowledge which would be suggested by the 

resource-based view. Instead, our results are suggestive of a Schumpeter Mark 2 

model with firms with strong pre-existing knowledge resources most active in seeking 

to reinforce those advantages.  

 

The second link in the IVC relates to the translation of knowledge into codified 

innovations in product and process. Here, we find considerable similarity between the 

two countries in terms of the positive role of knowledge sourcing and the importance 

of firms’ internal knowledge resources in shaping innovation. In terms of the types of 

external linkages which contribute to innovation, however, we see some differences 

between Irish and Swiss firms. In Switzerland, forward linkages prove important, 

while backwards linkages prove more important in Ireland. Also, only in Ireland do 

we find a significantly negative public knowledge sourcing effect. Ownership effects 

also work differently in the two countries in terms of innovation outputs suggesting 

stronger distinctions between locally and externally-owned firms in Ireland than in 

Switzerland in terms of firms’ knowledge transformation capability.  

 

The final element of the IVC relates to the impact of innovation on productivity. Here 

we find no evidence of significant innovation-productivity linkages for both countries.  

Instead, productivity seems to be much more strongly influenced by other aspects of 

firms’ production capability such as capital intensity and skill endowments. Other 

aspects of Irish firm performance – most notably employment and sales growth – 

have, however, been shown elsewhere to be positively related to innovation outputs 

(Roper, Love, and Du 2008).  

 

Our analysis emphasises a number of empirical regularities in firms’ knowledge 

sourcing and innovation activities; the complementarity between internal and external 

knowledge resources; the positive contribution of external knowledge to innovation; 

the inverted ‘U’ shape relationship between innovation and firm size; and, the positive 

effects on innovation of plant vintage, skill levels and government assistance. Other 

environmental factors such as legislation and regulatory factors seem to generate 

different innovation responses in the two countries, and provide an interesting focus 

for future research. Ownership effects also differ, with more marked discrepancies 
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evident between the knowledge transformation capabilities of externally and locally-

owned firms in Ireland than in Switzerland.  
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Table 1: Comparative Data 

 
Republic 

of Ireland 
Northern 

Ireland Ireland Switzerland 

A. Land Area and Population     

Land area (km2 x 1000) 81519 13602 95121 41285 

Population (x million, 2006) 4.239 1.741 5.98 7.5 

Population density (per km2, 2006) 52 128 62 182 

     

B. Labour Market      

Working age employment rate ( per cent, 2006) 57.6 69.4 60.4 81.2 

Unemployment rate ( per cent, 2006) 4.4 3.2 4.1 3.3 

     

C. Openness      

Total exports ( per cent of GDP)  81.6   52.5 

Total imports ( per cent of GDP) 69.3   44.9 

     

C. Composition of GDP (2006)     

Primary (agriculture, fishing, mining) 2.5 3.2 2.6 1.1 

Manufacturing (incl. construction for CH) 25.4 16.1 23.7 25.9 

Construction  9.4 7.7 9.1  

Services (for CH)    67.0 

Distribution, transport and communications 15.0 23.0 16.5  

public admin and defence  3.5 11.1 4.9  

other services  44.1 38.9 43.2  

     
D. R&D Spending  
(% GNP, Ireland 2006, % GDP, Switzerland 2004))     

R&D Spending  1.6 1.3 1.5 2.9 

- Industry 1.1 0.6 1.0 2.1 

- Higher education  0.4 0.6 0.4 0.7 

- Other 0.1 0.1 0.1 0.1 

Notes: Land area and population: population estimates relate to 2006, Sources: Northern Ireland 
Annual Abstract of Statistics (NIAAS), NISRA, Belfast and CSO. Labour Market: Employment rate as 
per cent of working age population (in Switzerland between 15 and 64 years), unemployment rate ILO 
unified rate, Sources: Annual Abstract of Statistics, CSO Dublin and NIAAS, Statistic Switzerland. 
Openness: No figures are available for Northern Ireland; for Ireland Source: CSO, Dublin. Total 
Exports and Imports as a proportion of current prices GDP 2006.  Composition of GDP 2006: Source: 
Annual Abstract of Statistics, CSO Dublin. R&D Spending: For Ireland, R&D Spending: Ireland as per 
cent of GNP, 2006; Source: Research and Development Statistics in Ireland, 2006, Forfás, Dublin. For 
Northern Ireland, Northern Ireland R&D Statistics 2006, Department of Trade, Enterprise and 
Investment, Belfast. Estimated as a proportion of 2004 GDP allowing for growth at 3.0 per cent pa 
during 2005 and 2006. For Switzerland all information are from Swiss Statistics (www.bfs.admin.ch). 
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Table 2: Survey Descriptives 
  Switzerland Ireland 

  N Mean Std. n Mean Std. 
            
Knowledge Sourcing            
In plant R&D 4171 0.629 0.483 3530 0.474 0.499 
Forwards  4177 0.517 0.500 3530 0.257 0.437 
Backwards 4176 0.038 0.191 3530 0.322 0.467 
Horizontal  4175 0.306 0.461 3530 0.117 0.322 
Public  4177 0.100 0.299 3530 0.173 0.378 
Innovation            
Product innovation (0/1) 4177 0.682 0.466 3453 0.639 0.480 
Process innovation (0/1) 4177 0.586 0.493 3445 0.582 0.493 
Innovative products (% sales) 4177 13.313 18.287 3230 15.134 22.511 
Productivity            
Log Value Added per 
employee 4133 11.819 0.409 2488 3.435 1.162 
Other factors            
Plant vintage  4072 64.725 43.014 3453 28.357 29.631 
Externally owned 4114 0.152 0.359 3530 0.307 0.461 
Lack innovation finance 4175 0.174 0.379 3530 0.478 0.500 
Face regulatory barriers  4173 1.942 0.871 3530 0.206 0.404 
Government support 4083 0.091 0.287      
Govt support for innovation       3530 0.289 0.453 
Govt support for investment       3530 0.218 0.413 
Govt support for training etc.       3530 0.152 0.359 
Employment 4177 213.384 715.714 3461 104.916 283.055 
Log capital intensity  3970 10.837 0.865 2428 1.186 1.371 
Percentage with degree 4177 16.176 14.626 3310 9.696 13.102 
Northern Ireland Location        3530 0.391 0.488 
       

Sources: Swiss Innovation Panel, waves 3-6; Irish Innovation Panel waves 2-5. 
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Table 3: Knowledge Sourcing Models 

  R&D in Plant 
Forwards K 

Sourcing 
Backwards K 

Sourcing 
Horizontal K 

Sourcing 
Public K  
Sourcing 

  Coeff. z-stat Coeff. z-stat Coeff. z-stat Coeff. z-stat Coeff. tzstat 

A.Switzerland                      
R&D in plant     0.184 3.290 -0.007 -0.070 -0.035 -0.600 0.209 2.280 
Forwards 0.178 2.710   0.338 3.240 0.627 11.650 0.001 0.020 
Backwards 0.021 0.130 0.402 3.020   0.453 3.680 0.869 5.850 
Horizontal  -0.049 -0.700 0.658 11.720 0.367 3.680   0.451 5.750 
Public  0.284 2.310 0.023 0.030 0.740 5.700 0.461 5.570     
                  
Employment  0.001 7.660 0.000 1.030 0.000 0.750 0.000 2.550 0.000 1.110 
Employment Squared -0.000 -6.730 -0.000 -0.880 -0.000 -0.740 -0.000 -1.540 0.000 0.060 
Externally-owned firm  -0.139 -1.370 0.109 1.480 -0.050 -0.350 0.164 2.250 0.005 0.040 
Shortage of finance  -0.087 -1.040 0.121 1.810 -0.065 -0.520 0.149 2.260 0.151 1.580 
Percentage graduates 0.016 5.940 0.003 1.360 0.001 0.360 -0.000 -0.120 0.010 4.050 
Legislative regulatory barriers -0.084 -2.220 0.084 2.830 0.182 3.320 0.107 3.590 0.115 2.620 
Government support 1.707 9.460 -0.117 -1.330 -0.002 -0.010 -0.065 -0.740 0.728 6.900 
                  
Number of observations  4017   4017  4017   4017  4017   
Number of groups  2243   2243  2243   2243  2243   
Wald chi2  382.2  328.6  84.7  266.6  202.9  
Log Likelihood -2092.2   -2518.1  -584.2   -2287.5  -1122.7   
Rho 0.527  0.285  03045  0.249  0.364  
LR test Rho=0  198.6  69.4  14.3  47.4  46.4  

           
B. Ireland                      
R&D in plant     0.184 2.370 0.299 3.950 0.057 0.690 0.427 4.630 
Forwards 0.220 2.310   1.751 16.900 0.840 8.820 0.727 7.430 
Backwards 0.348 3.890 1.696 16.760     0.662 6.790 1.297 11.630 
Horizontal  -0.036 -0.330 0.877 8.600 0.616 5.700   0.279 2.730 
Public  0.352 3.430 0.652 6.990 1.221 11.320 0.207 2.240     
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Employment  0.001 3.330 0.000 1.210 0.001 2.090 0.000 -1.060 0.001 3.210 
Employment Squared -0.002 -2.310 -0.002 -1.460 -0.001 -1.300 0.001 1.490 -0.001 -1.970 
Externally-owned firm  -0.180 -2.200 -0.011 -0.130 0.285 3.410 -0.144 -1.600 0.220 2.330 
Shortage of finance  -0.139 -2.170 -0.020 -0.290 -0.010 -0.150 -0.009 -0.120 -0.022 -0.270 
Percentage graduates 0.014 4.940 0.002 0.610 -0.004 -1.330 0.006 2.120 0.011 3.640 
Government support: innovation 1.166 13.610 0.111 1.320 0.161 1.870 0.032 0.360 0.581 6.180 
Government support: capital  -0.011 -0.130 0.021 0.250 0.106 1.210 0.188 2.090 0.078 0.810 
Government support: training  0.345 3.560 0.111 1.130 -0.131 -1.310 0.218 2.220 -0.044 -0.410 
Northern Ireland location  -0.278 -3.760 0.111 1.440 -0.083 -1.100 -0.248 -2.980 0.049 0.540 
Legislative regulatory barriers 0.273 3.320 -0.022 -0.250 0.026 0.290 0.159 1.710 0.200 1.990 
                  
Number of observations  3255   3255  3255   3255  3255   
Number of groups  2114   2114  2114   2114  2114   
Wald chi2 407.2  398.9  411.5  221.7  287.3  
Log Likelihood -1787.8   -1122.1  -1238.5   -901.4  -931.5   
Rho           
LR test Rho=0  83.7  11.7  21.1  4.6  18.6  

Notes and Sources: RE probit estimates. All models include constant terms and industry dummy variables at 2-digit level. Sources: Swiss Innovation Panel, 
waves 3-6; Irish Innovation Panel waves 2-5. 
 



 25 

Table 4: Innovation Production Functions 

  
Probability of 

product innovation 
Probability of 

process innovation 
% innovative sales 

(all firms) 
% innovative sales 
(innovators only) 

  RE probit RE probit RE tobit RE tobit 
  Coeff. z-stat Coeff. z-stat Coeff z-stat Coeff z-stat 
A. Switzerland              
R&D in plant 2.444 23.750 1.600 22.270 25.431 25.980 4.101 3.720 
Forwards 0.215 3.180 0.089 1.630 2.795 3.460 1.918 2.380 
Backwards -0.100 -0.600 0.345 2.370 -0.548 -0.270 -0.899 -0.460 
Horizontal  -0.134 -1.830 0.035 0.590 0.200 0.230 1.131 1.330 
Public  -0.162 -1.310 -0.140 -1.540 -0.542 -0.420 0.573 0.450 
         
Employment  0.000 2.060 0.000 4.650 0.002 2.080 0.002 1.810 
Employment Squared -0.000 -1.340 -0.000 -3.030 -0.000 -1.430 -0.000 -1.250 
Plant vintage  0.001 0.950 -0.000 -0.160 -0.018 -1.730 -0.025 -2.410 
Externally-owned firm  0.143 1.410 -0.102 -1.310 1.545 1.340 1.168 1.030 
Shortage of finance  -0.216 -2.520 -0.065 -0.930 -0.065 -0.060 0.994 0.930 
Percentage graduates 0.006 2.150 -0.005 -2.620 0.122 4.070 0.132 4.470 
Legislative regulatory barriers -0.042 -1.090 0.077 2.420 0.351 0.750 1.194 2.540 
Government support 0.419 2.790 0.338 3.360 0.272 0.210 -1.397 -1.160 
               
Number of observations  3921   3921  3921   2997   
Number of groups  2213   2213  2213   1811   
Left-censored     1388  464  
Wald chi2 621.2  602.2  1112.1  290.0  
Log Likelihood -1281.0   -2061.8  -12159.0   -11627.0   
Rho 0.251  0.250  0.236  0.251  
LR test Rho=0  20.9  39.2          
                  
B. Ireland               
R&D in plant 1.206 13.600 0.489 7.630 16.066 10.900 -2.538 -1.730 
Forwards 0.487 4.390 0.148 1.730 7.144 3.870 3.716 2.280 
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Backwards 0.477 4.660 0.469 5.780 7.472 4.200 2.646 1.670 
Horizontal  0.288 2.160 0.216 2.110 3.326 1.620 0.058 0.030 
Public  -0.269 -2.220 0.068 0.710 -3.936 -2.010 -4.008 -2.330 
         
Employment  0.001 3.000 0.001 4.450 0.012 2.380 0.000 0.000 
Employment Squared -0.002 -0.900 -0.002 -2.830 -0.018 -1.390 0.003 0.310 
Plant vintage  0.001 0.570 -0.001 -1.400 -0.093 -3.760 -0.111 -5.140 
Externally-owned firm  0.290 3.190 0.215 3.000 3.870 2.330 -1.046 -0.640 
Shortage of finance  -0.076 -1.100 -0.138 -2.440 1.036 0.790 3.944 2.470 
Percentage graduates 0.008 2.390 -0.007 -2.770 0.202 3.610 2.810 2.280 
Government support: innovation 0.430 4.480 0.307 4.020 4.889 3.010 0.110 2.110 
Government support: capital  -0.072 -0.740 0.508 6.480 2.602 1.570 -0.041 -1.920 
Government support: training  0.403 3.510 0.005 0.050 4.235 2.310 6.762 4.130 
Northern Ireland location -0.075 -0.940 -0.169 -2.710 -1.710 -1.120 -0.168 -0.110 
Legislative regulatory barriers -0.168 -1.890 0.018 0.240 -2.120 -1.270 3.284 2.200 
               
Number of observations  3215   3215  2954   1788   
Number of groups  2036   2032  1955   1323   
Left-censored         
Wald chi2 345.6  364.0  528.6  164.9   
Log Likelihood -1515.4   -1791.7  -8812.3   -7602.3   
Rho         
LR test Rho=0 63.5  25.5         

Notes and Sources: RE tobit estimates. All models include constant terms and industry dummy variables at 2-digit level. Sources: 
Swiss Innovation Panel, waves 3-6; Irish Innovation Panel waves 2-5. 
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Table 5: Productivity Equations Including Innovation Indicators 
  Coeff zt-stat Coeff z-stat Coeff z-stat Coeff z-stat 

A. Switzerland               
% innovative sales 0.000 0.440          
Product innovation (0/1)     0.006 0.740 0.005 0.710    
Process innovation (0/1) -0.000 -0.040 -0.002 -0.230     0.004 0.070 
Employment  0.000 3.310 0.000 3.290 0.000 3.280 0.000 3.320 
Employment Squared -0.000 -3.210 -0.000 -3.190 -0.000 -3.180 -0.000 -3.220 
Plant vintage  0.000 3.220 0.000 3.180 0.000 3.180 0.000 3.210 
Log capital intensity  0.348 88.360 0.348 88.320 0.348 88.340 0.348 88.390 
Externally-owned firm  0.047 4.360 0.047 4.360 0.047 4.360 0.047 4.370 
Percentage graduates 0.002 7.630 0.002 7.620 0.002 7.620 0.002 7.700 
Constant  7.960 168.800 7.959 168.550 7.958 168.670 7.961 168.860 
               
Number of observations  3818   3818  3818   3818   
Number of groups  2169   2169  2169   2169   
Wald chi2 9731.9  9734.6  9736.6   9734.6  
Rsquared within  0.675   0.674  0.674   0.674   
Rsquared between  0.746   0.745  0.746   0.746   
Rsquared overall  0.746   0.746   0.746   0.746   

         
B. Ireland              
% innovative sales -0.001 -2.090          
Product innovation (0/1)     -0.007 -0.290 -0.016 -0.650    
Process innovation (0/1) -0.034 -1.410 -0.034 -1.420     -0.033 -1.420 
Employment  0.000 1.200 0.000 1.420 0.000 1.320 0.000 1.470 
Employment Squared 0.000 -0.820 0.000 -0.970 0.000 -0.920 0.000 -0.920 
Plant vintage  0.001 2.950 0.002 3.110 0.002 3.280 0.002 3.160 
Log capital intensity  0.056 5.490 0.047 4.730 0.047 4.820 0.047 4.740 
Externally-owned firm  0.186 6.080 0.189 6.250 0.190 6.360 0.186 6.250 
Percentage graduates 0.006 5.430 0.006 5.340 0.006 5.590 0.006 5.420 
Northern Ireland location -0.129 -4.770 -0.124 -4.600 -0.120 -4.490 -0.123 -4.610 



 28 

Constant  3.224 71.310 3.232 69.940 3.211 71.580 3.221 73.200 
               
               
Number of observations  1709   1797  1818   1823   
Number of groups  1268   1318  1333   1332   
Wald chi2 417.2  428.2  434.8   438.3   
Rsquared within  0.172   1.182  0.181   0.169   
Rsquared between  0.202   0.193  0.194   0.194   
Rsquared overall  0.214   0.208   0.208   0.207   

Notes and Sources: RE GLS estimates. All models include constant terms and industry dummy variables at 2-digit level. Sources: Swiss  
Innovation Panel, waves 3-6; Irish Innovation Panel waves 2-5. 
 



 29 

              Table 6: Productivity Equations Including Fitted Innovation Indicators 
  Coeff t-stat Coeff t-stat Coeff t-stat Coeff t-stat 

A. Switzerland                
% innovative sales  0.000 -0.680         
Product innovation (0/1)   0.000 0.680 0.000 0.640   
Process innovation (0/1) -0.002 -0.240 -0.002 -0.240     0.000 0.620 
Employment  0.000 2.490 0.000 2.960 0.000 2.630 0.000 2.690 
Employment Squared -0.000 -1.070 -0.000 -1.790 -0.000 -1.260 -0.000 -1.790 
Plant vintage  0.000 3.180 0.000 3.470 0.000 3.170 0.000 3.280 
Log capital intensity  0.348 38.040 0.348 33.490 0.348 37.160 0.348 38.690 
Externally-owned firm  0.045 3.900 0.045 3.920 0.045 3.810 0.045 4.000 
Percentage graduates 0.002 6.690 0.002 6.530 0.002 6.900 0.002 6.400 
Constant  7.956 77.870 7.956 68.430 7.956 76.990 7.956 79.690 
                
Number of observations  3727   3727  3727   3727   
Number of groups  2140   2140  2140   2140   
Wald chi2 4870.0  4315.2  4545.6  3967.9  
Rsquared within  0.675   0.675  0.675   0.675   
Rsquared between  0.745   0.745  0.745   0.745   
Rsquared overall  0.746   0.746  0.746   0.746   
                  

         
B. Ireland                  
% innovative sales -0.003 -0.860           
Product innovation (0/1)     0.001 0.020 -0.012 -0.640     
Process innovation (0/1) 0.027 0.430 -0.022 -0.400     -0.021 -0.690 
Employment  0.000 0.940 0.000 1.340 0.000 1.280 0.000 1.330 
Employment Squared 0.000 -0.390 0.000 -0.620 0.000 -0.500 0.000 -0.560 
Plant vintage  0.001 2.620 0.002 3.110 0.002 3.240 0.002 3.180 
Log capital intensity  0.047 3.700 0.048 3.720 0.047 3.740 0.048 3.660 
Externally-owned firm  0.190 4.900 0.193 4.920 0.191 4.950 0.193 4.940 
Percentage graduates 0.007 4.180 0.006 4.160 0.007 4.850 0.006 4.920 
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Northern Ireland location -0.123 -5.580 -0.125 -5.290 -0.123 -5.310 -0.124 -5.430 
Constant  3.186 68.440 3.197 66.650 3.198 66.610 3.197 67.950 
                
Number of observations  1850   1850  1850   1850   
Number of groups  1351   1351  1351   1351   
Wald chi2 404.9  426.5  482.4  464.1   
Rsquared within  0.186   0.185  0.185   0.185   
Rsquared between  0.198   0.197  0.196   0.197   
Rsquared overall  0.210   0.210   0.209   0.210   

Notes and Sources: RE GLS estimates. All models include constant terms and industry dummy variables at 2-digit level.  
Sources: Swiss Innovation Panel, waves 3-6; Irish Innovation Panel waves 2-5. 
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Figure 1: Time Series for Innovation Indicators  
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Notes: Firms with innovation activities reflects firms with either product or process innovation 
activities. Firms with R&D are those firms with R&D based in the firm. Sources: Swiss Innovation 
Survey; Irish Innovation Panel  
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Table A1: Variable Definitions  

Variables  Variable Definitions  
Knowledge Sourcing   
R&D in plant 
 

A binary indictor taking value one if the firm has an in-house 
R&D capacity  

Forwards 
  

A binary indictor taking value one if the firm has forwards links 
to customers as part of their innovation activity.  

Backwards 
 

A binary indictor taking value one if the firm has backwards 
links to suppliers or external consultants as part of their 
innovation activity. 

Horizontal  
 

A binary indictor taking value one if the firm has links to 
competitors, or as part of joint venture activity, as part of their 
innovation activity.  

Public 
 
  

A binary indictor taking value one if the firm has links to 
universities, public laboratories or other industry research 
centres as part of their innovation activity. 

  
Innovation   
Product innovation (0/1) A binary variable taking value 1 if the firm introduced any new 

or improved product during the previous three years. 
 
 

Process innovation (0/1) A binary variable taking value 1 if the firm introduced any new 
or improved product during the previous three years. 
 
 

% Innovative sales An indicator representing the percentage of firms’ sales at the 
time of the survey accounted for by products which had been 
newly introduced or improved over the previous three years.  

  
Productivity   
Value Added per employee Value added is defined as sales less the cost of materials, 

expenditure on plant machinery and other fixed assets and 
expenditure on buildings. Both this measure and employment 
are taken in the year of the survey.  

  
Other factors   
Plant vintage  The age of the firm (in years) at the time of the survey. 

 
Externally-owned A binary indicator taking value one if the firm was owned 

outside Ireland or Switzerland at the time of the survey.  
 

Shortage of finance A binary indicator taking value 1 if a firm reported that a lack of 
innovation finance was either a ‘fairly important’ or ‘very 
important’ barrier to innovation.  

Legislative regulatory 
barriers  

A binary indicator taking value 1 if a firm reported that 
regulatory barriers were either a ‘fairly important’ or ‘very 
important’ barrier to innovation. 

  

Government support  
Govt support: innovation  A binary indicator taking value one if the firm had received 

government support for R&D or innovation over the previous 
three years. 

Govt support: capital  A binary indicator taking value one if the firm had received 
government support for its investment activities over the 
previous three years. 

Govt support: training  A binary indicator taking value one if the firm had received 
government support for its training activities over the previous 
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three years. 
Employment Employment at the time of the survey.  
Capital intensity  Defined as expenditure on plant machinery and fixed assets and 

buildings per employee in the final year of each survey period  
Percentage graduates Percentage of the workforce with a degree or equivalent 

qualification  
 

Northern Ireland location  A binary variable which takes value one if the firm is located in 
Northern Ireland  

Sources: Swiss Innovation Panel, waves 3-6; Irish Innovation Panel waves 2-5. 



Table A2: Variable Correlations: Switzerland  

 
Product 
Innov 

Process 
Innov 

% innov 
Sales  

Log 
value added 

R&D  
in house 

Forward 
KS 

Backward 
KS 

Horiz 
KS 

Public  
KS 

Product innov 1.0000         
Process innov 0.4589 1.0000        
% innov sales 0.4034 0.2951 1.0000       
Log value added 0.0714 0.0255 0.0094 1.0000      
R&D in house 0.7227 0.4931 0.3623 0.0923 1.0000     
Forwards KS 0.1330 0.0892 0.1117 0.0178 0.1238 1.0000    
Backwards KS 0.0007 0.0475 0.0050 -0.0099 0.0103 0.0664 1.0000   
Horizontal KS -0.0015 0.0303 0.0299 0.0157 0.0250 0.2069 0.0898 1.0000  
Public KS 0.0760 0.0529 0.0706 0.0647 0.1160 0.0552 0.1278 0.1135 1.0000 
Vintage  0.0273 0.0398 -0.0580 0.0321 0.0259 -0.0205 0.0265 0.0201 -0.0081 
Foreign owned 0.0807 0.0035 0.0613 0.1524 0.0756 0.0649 -0.0161 0.0429 0.0419 
Finance shortage -0.0516 -0.0050 0.0130 -0.1495 -0.0230 0.0499 0.0150 0.0509 0.0348 
Regulatory issues -0.0408 0.0353 0.0144 -0.0200 -0.0216 0.0592 0.0731 0.0791 0.0606 
Govt support-innov 0.1744 0.1564 0.1044 0.0213 0.2112 0.0297 0.0125 0.0172 0.1960 
Employment  0.1050 0.1121 0.0700 0.0716 0.1217 0.0317 0.0313 0.0648 0.1206 
Capital intensity 0.0613 0.0380 0.0208 0.8373 0.0840 0.0373 -0.0051 -0.0086 0.0350 
Graduate workforce 0.1752 0.0556 0.1824 0.2001 0.2036 0.0669 0.0064 0.0462 0.1671 

 

 Vintage 
Foreign  
Owned 

Lack  
Cash 

Regulation 
Barrier 

Govt  
Support 
Innov 

Govt 
Support 
Invest 

Govt 
Support 
Other 

Vintage  1.0000       
Foreign owned -0.0877 1.0000      
Finance shortage -0.0560 -0.0767 1.0000     
Regulatory issues -0.0065 -0.0618 0.1579 1.0000    
Govt support 0.0092 0.0364 0.0510 0.0563 1.0000   
Employment  0.1516 0.0164 -0.0655 0.0081 0.0785 1.0000  
Capital intensity 0.0074 0.1077 -0.1380 0.0036 -0.0012 0.0340 1.0000 
Graduate workforce -0.0768 0.1549 -0.0134 -0.0403 0.1426 0.1584 0.0943 
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Table A3: Variable Correlations: Ireland 

 
Product 
Innov 

Process 
Innov 

% innov 
Sales  

Log value  
added R&D in house 

Forward 
KS 

Backward 
KS 

Horiz 
KS 

Public  
KS 

Product innov 1.0000         
Process innov 0.2549 1.0000        
% innov sales 0.5152 0.1601 1.0000       
Log value added 0.0698 0.0167 -0.0195 1.0000      
R&D in house 0.4489 0.2601 0.2569 0.0203 1.0000     
Forwards KS 0.2347 0.2144 0.1868 -0.0100 0.2168 1.0000    
Backwards KS 0.2451 0.2646 0.1632 0.0277 0.2310 0.6107 1.0000   
Horizontal KS 0.1556 0.1388 0.0941 0.0087 0.1215 0.3681 0.3288 1.0000  
Public KS 0.1834 0.2026 0.1136 0.0391 0.2394 0.4349 0.4932 0.2514 1.0000 
Vintage  -0.0133 -0.0307 -0.1051 0.1015 -0.0524 -0.0289 0.0026 0.0178 0.0174 
Foreign owned 0.1337 0.1388 0.0963 0.1588 0.0182 0.0983 0.1406 -0.0013 0.1445 
Finance shortage -0.0624 -0.0799 -0.0052 -0.0394 -0.0658 -0.0376 -0.0554 -0.0129 -0.0401 
Regulatory issues -0.0071 0.0010 -0.0158 -0.0070 0.0490 0.0005 0.0043 0.0243 0.0270 
Govt support-innov 0.2962 0.2200 0.2148 0.0287 0.4027 0.2499 0.2499 0.1508 0.3214 
Govt support-invest 0.1255 0.2241 0.0809 -0.0918 0.1674 0.1440 0.1334 0.1060 0.1658 
Govt support-other  0.1527 0.0801 0.1033 -0.0465 0.2000 0.1075 0.0812 0.0977 0.1023 
Employment  0.1203 0.1315 0.0881 0.0602 0.1066 0.1065 0.1694 0.0999 0.2060 
Capital intensity 0.1099 0.2422 0.0804 0.1793 0.1382 0.0680 0.1118 0.0479 0.1215 
Graduate workforce 0.1115 -0.0125 0.1002 0.1914 0.1184 0.1027 0.0780 0.0564 0.1321 
Employment  -0.0764 -0.0787 -0.0583 -0.1001 -0.0786 -0.0171 -0.0325 -0.0517 -0.0139 
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 Vintage 
Foreign  
Owned 

Lack  
Cash 

Regulation 
Barrier 

Govt  
Support 
Innov 

Govt 
Support 
Invest 

Govt 
Support 
Other Employ 

Cap 
Intensity 

Graduate  
Wforce 

Vintage  1.0000          
Foreign owned 0.0431 1.0000         
Finance shortage -0.0238 -0.0766 1.0000        
Regulatory issues -0.0034 -0.0861 0.1229 1.0000       
Govt support-innov -0.0715 0.0325 -0.0309 -0.0416 1.0000      
Govt support-invest -0.0290 0.0860 -0.0448 -0.0487 0.3267 1.0000     
Govt support-other  -0.0415 -0.0592 -0.0196 -0.0857 0.3223 0.2465 1.0000    
Employment  0.1081 0.2838 -0.0388 -0.0322 0.1220 0.1450 0.0121 1.0000   
Capital intensity -0.0374 0.1515 -0.0509 -0.0003 0.1267 0.1380 0.0045 0.0643 1.0000  
Graduate workforce -0.0069 0.1894 0.0246 0.0432 0.1227 -0.0204 0.0184 0.0946 0.1247 1.0000 
Employment  0.0666 -0.1073 0.0470 0.0084 -0.0132 0.0903 0.0827 -0.0052 -0.0619 -0.0855 
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