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Abstract: This paper estimates the private returns to four different kinds of R&D spending on the probability of 

Irish and foreign-owned businesses engaging in product, process and organizational innovation.  By providing 

econometric analysis of nearly 2000 businesses in the Community Innovation Survey: 2004 to 2006, it makes an 

important contribution to our understanding of the effects of Irish innovation policy, which has incentivized 

businesses to spend on R&D in Ireland.  The main findings are that Irish-owned businesses are significantly 

more likely than foreign-owned to introduce new products as a result of creative R&D work undertaken.  

Foreign-owned businesses, which spend nearly 6 times more per worker on R&D than Irish-owned, enjoy very 

high returns mostly from the purchase or licence of patents. This reflects a fundamental difference in the 

innovation activities of these businesses, which is critical for policymakers’ understanding of the Irish 

innovation system.    
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1. INTRODUCTION 

 

This paper estimates the effect of research and development (R&D) spending on the probability of innovation 

by Irish and foreign-owned businesses. Since the late 1990s, the Irish government has set an objective, through 

tax incentives for businesses and public expenditure programmes, to increase total R&D spending to 3% of GDP 

as part of the so-called Lisbon Strategy.  However, to date no econometric analysis has been undertaken on the 

private return to different forms of R&D spending for Irish-based firms.  By using the large scale Community 

Innovation Survey (CIS): 2004 to 2006 this paper makes an important contribution to assessing Irish innovation 

policy. Furthermore, recent Irish research has suggested that the importance of external interaction for business 

innovation has been over-stated, thus pointing to the need to conduct a detailed investigation of the returns on 

R&D expenditure (Doran and O’Leary, 2011).    

 

Section 2 outlines developments in Irish innovation policy since the late-1990s.  This is followed in the next 

section by a discussion of the conceptual framework used and an identification of a gap in the literature on the 

analysis of private returns to R&D spending.  Section 4 specifies the models tested.  This is followed by a 

description of the CIS: 2004-06 data in Section 5. The next section presents the results of the analysis followed 

by a discussion of their implications for policymakers in Section 7.       
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2. THE IRISH INNOVATION POLICY CONTEXT 

 

There has long been a policy consensus on how business-level innovation is to be encouraged in Ireland. Forfás 

(2000) highlighted the importance of technology linkages and innovation systems for stimulating innovation in 

Irish businesses. Among the measures recommended by Forfás were the establishment of ‘technology 

intelligence’ networks and the development of strategic collaborative partnerships between industry and third-

level/state institutions (2000: 82). Forfás proposed a science-based industrial policy to “foster clusters of world-

class technology based companies” (2003: 9). 

 

The Enterprise Strategy Group (2004) identified key sectors with potential for future growth. These include 

knowledge-based, ‘high-technology’ sectors, in which Ireland, through innovation, could develop 

internationally competitive businesses. Through the Strategy for Science, Technology and Innovation 2006-13, 

the Irish government committed €1.9 billion to fund research activity in third–level institutions and supports for 

research in private and public research centres (Department of Enterprise, Trade and Employment, 2006: 13). 

 

More recently, Building Ireland’s Smart Economy was published by the Irish government in 2008 as its strategy 

to “reorganize the economy” and generate renewed prosperity and growth (Department of the Taoiseach, 2008: 

1). The document states that: 

 

Ireland has already laid the foundations of the ideas economy by investing heavily in education, skills 

training and R&D under the National Development Plan [2007-2013], which includes delivery of the 

Strategy for Science, Technology and Innovation involving major investments in basic research 

through the PRTLI, SFI and other funding programmes. €8.2 billion has been committed to research, 

technological development and innovation [under the National Development Plan 2007-2013]. 

Business expenditure on R&D is targeted to grow to about €3.8 billion per annum by 2013.  

 (Department of the Taoiseach, 2008:60) 

 

Irish policy makers clearly link the “ideas economy” with greater investment in science and technology. The 

emphasis placed by policymakers on innovation as a key source of future Irish competitiveness has its origin at 

the beginning of the millennium, when the so-called ‘Celtic Tiger’ growth spurt looked to have ended.  The 

policy shift towards funding R&D in businesses and Higher Education Institutes (HEIs) was initiated under the 

National Development Plan, 2000-2006 (2000). This commitment has led to two strands of activity in relation to 

Irish R&D expenditure; (i) significantly increased funding for Higher Education Research and Development 

(HERD) and (ii) supports to incentivize Business Expenditure on Research and Development (BERD).  

 

Around the time of the publication of the National Development Plan 2000-2006, Science Foundation Ireland 

was established to undertake and support strategic research of world class status in niche areas of ICT and 

biotechnology, including the underlying scientific disciplines (Forfás, 2005). Three years earlier the 

Programmes for Research in Third Level Institutes (PRTLI) were initiated with the aim of achieving a 

permanent transformation in the Irish research environment. These initiatives represent a significant 

commitment of State resources to research in higher education by offering HEIs an opportunity to build 

infrastructure and develop the careers of Ireland’s researchers. 

 

Figure 1 shows the level and change in HERD expenditure from 1996 to 2008.  There has been a three-fold 

increase in real terms. This increase has been sourced to a very large extent from public funds. Table 1 shows 

the composition of funding for HERD from 2002 to 2008. It can be seen that approximately 90% of funding is 

provided by public sources, with over 80% directly or indirectly from the Irish government and approximately 

10% from EU public sources. It is noticeable that the proportion of total funding from Irish and foreign-owned 

businesses has declined over the period.    
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Figure 1: Level and Change in Real HERD: 1996 to 2008 (at constant 2006 prices € millions) 

 
Source: Forfás (2007 and 2010a)  

Note: Percentage changes are bi-annual. 

 

 

 

 

Table 1: Composition of HERD by Funding Source (€ million) 

 

2002 2004 2006 2008 

Direct Government 136 42% 203 41% 265 44% 405 54% 

Indirect Government 128 40% 205 42% 248 41% 219 29% 

EU Public 24 7% 30 6% 38 6% 46 6% 

Irish Business 12 4% 13 3% 11 2% 23 3% 

Foreign Business 7 2% 10 2% 5 1% 6 1% 

Private/Individual 0 0% 0 0% 26 4% 13 2% 

Other 15 5% 31 6% 6 1% 37 5% 

 

322 

 

492 

 

599 

 

749 

 Source: Forfás (2010a: 21) 

 

 

The second strand of policy in relation to Irish R&D expenditure has been to increase supports for Business 

Expenditure on Research and Development (BERD). This can clearly be seen in the funding for science and 

technology from Irish enterprise agencies. Table 2 shows that almost half of total grant funding from Enterprise 

Ireland and IDA Ireland is attributable to science and technology. It is notable also that the share of IDA Ireland 

funding for science and technology has increased since 2004, with the funding from Enterprise Ireland 

declining. In addition, Science Foundation Ireland provides funding for research in science and technology of 

approximately €170 million annually.  
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Table 2: Funding for Research, Development and Innovation (RDI) by State Agencies 

 2001 (€m) 2002 (€m) 2003 (€m) 2004 (€m) 2005 (€m) 

Enterprise Ireland Total Grant Aid
1 

137 121 111 107 130 

of which S&T (% of total)
2 

 
 48 (35%)  63(52%) 63 (57%) 64 (60%)  81 (60%) 

IDA Ireland Total Grant Aid
 

109 118 96 65 87 

of which S&T (% of total)
3 

32 (30%) 69 (59%) 29 (30%) 10 (16%) 13 (15%) 

Total 246 239 207 172 217 

Total S&T 80 (33%) 132 (55%) 92 (44%) 74 (43%) 94 (43%) 

      

 2006 (€m) 2007 (€m) 2008 (€m) 2009 (€m) 2010 (€m) 

Enterprise Ireland Total Grant Aid
1 

132 146 220 250 295 

of which S&T (% of total)
2 

 
 83 (58%) 87 (60%) 100 (45%) 102 (41%) 106(36%) 

IDA Ireland Total Grant Aid
 

97 79 80 81 120 

of which S&T (% of total)
3 

32 (33%) 44 (56%) 47 (59%) 61(75%) 80 (67%) 

Total 229 225 300 331 415 

Total S&T 115 (50%) 131 (58%) 147 (49%) 163 (49%) 186 (45%) 
Source: IDA Ireland and Enterprise Ireland Annual Reports 2003 to 2010. 

Notes:  

1. Total Financial Support for Industry Charged to Income and Expenditure Account. 

2. Financial Support for Science Technology and Development 

3. From 2000 to 2005 this includes grants paid for ‘New Skills & Technologies’ and ‘RT&I Initiative’ and from 2005 

onwards comprises of grants paid for ‘R&D Capability’ and ‘RT&I Initiative’. 

 

 

 

The unavoidable conclusion to be drawn is that the Irish government has played a leading role in increasing the 

level of funding for R&D. A range of supports have been on offer to Irish-owned businesses over the years 

through Enterprise Ireland.  A recent example is the Innovation Voucher scheme aimed at indigenous businesses 

of less than 50 employees. Vouchers, with a maximum value of €5,000, can be redeemed by businesses for 

research undertaken by approved third level institutes.  Between June 2007 and December 2009, 694 innovation 

vouchers have been issued (Enterprise Ireland, 2011). 

 

R&D in Irish branches of foreign multinationals has been subsidised through a combination of IDA Ireland 

grant aid, tax rates, tax credits, tax exemptions and matched funding with the objective of maintaining Ireland as 

an attractive “value proposition” for foreign direct investment (IDA Ireland, 2011: 18). More recently this has 

included the establishment, through Science Foundation Ireland of Strategic Research Clusters and Centres for 

Science, Engineering and Technology (CSETs) which provide funding of up to €7.5m and €25m respectively 

with a 25% cost share for industry.  This is targeted at large businesses, typically branches of multinationals, 

which can benefit from R&D conducted at HEIs at a quarter of the full cost.  

 

Business spending on R&D, which is approximately two thirds of gross expenditure on R&D, has also been 

increasing, albeit at a slower rate than higher education funding. Figure 2 shows the level and change in BERD 

between 1995 and 2010. 
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Figure 2: Level and Change in Real BERD: 1995 to 2010 (Constant 2006 prices, €`000) 

 

 
Source: Department of Enterprise, Trade & Employment (2009) and CSO (2011) 

Note: Percentage changes are bi-annual. 

 

 

The level of BERD has increased throughout the last fifteen years, though in recent years the rate of growth has 

slowed. The increase in BERD has resulted from increases in R&D spending in domestic and foreign-owned 

businesses. Figure 3 shows that approximately 70% of BERD in Ireland occurs in the Irish branches of foreign-

owned multinationals. This reflects a larger average spend on R&D by foreign-owned businesses.  These 

businesses account for approximately one quarter of all businesses engaged in R&D (CSO, 2011:41).   

 

Figure 3: Shares of BERD in Irish and Foreign-owned Businesses: 1995 to 2010 

 
Source: Forfas (2010b: 19) and CSO (2011) 

 

It is worthwhile to explain why Irish branches of foreign-owned multinationals perform R&D, since the 

relatively low Irish corporate tax rate would appear to act as a deterrent to the location of this activity in Ireland. 

R&D is a cost to any business. To optimise the benefit of Ireland’s low relative corporate tax rate, multinational 

businesses would benefit from locating revenue generating activities in Ireland and cost generating activities in 

higher-tax jurisdictions. This would maximise the profit for the multinational business that is taxed at the lower 

rate.  
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The R&D tax credit and special tax treatment of royalties on intellectual property are designed to overcome this 

difficulty. Ireland has had a 25% R&D tax credit scheme since 2004. This tax credit is in addition to the 12.5% 

corporate tax deduction for R&D expenditure. The credit is available on the incremental cost of qualifying 

R&D. Incremental cost is calculated using 2003 as the base year. Capital and current expenditure qualifies for 

the credit, so this includes salaries, related overheads, plant and machinery and buildings. The effect of the tax 

credit is to eliminate the tax disadvantages associated with locating R&D activity in a low-cost tax jurisdiction 

such as Ireland.  

 

In addition to the low corporate tax rate and R&D tax credit, the Irish government also exempts income from 

qualifying patents. These patents are those where “the research, planning, processing, experimenting, testing, 

devising, designing, developing or other similar activity leading to the invention was carried out in Ireland or the 

European Economic Area (EEA)” (IDA Ireland, 2011: 8). It is unclear how much of any of these activities must 

have been carried out in Ireland in order to qualify. In addition the identification of qualifying patents is 

negotiated between the business and the Irish tax authorities.  

 

3. RESEARCH ON IRISH BUSINESS INNOVATION 
 

The previous section has outlined the levels of business and public investment in R&D since the mid-1990s in 

the context of state supports in the form of taxation and other incentives.  This section begins with an outline of 

a conceptual framework for assessing Irish innovation policy.  It proceeds to take stock of what we already 

know from existing research about Irish business innovation and identifies a gap in our knowledge about the the 

role of R&D.   

 

According to Roper, Hewitt-Dundas and Love (2003; 2004) the potential benefits of R&D activity are numerous 

and may be private and social.  Businesses engaging in R&D activity may capture benefits through the resulting 

increments to their private stock of knowledge and commercial gains from the introduction of new products, 

processes and/or organizational forms. Social benefits refer to other businesses benefitting through increments 

to the public stock of knowledge resulting from private R&D activity. They may also benefit from rent 

spillovers through, for example, cost reductions or scale advantages.  Finally, other businesses may benefit from 

pure knowledge spillovers through vertical and horizontal linkages and agglomeration economies.   

 

From an Irish perspective three key issues arise.  First is the extent to which Irish-based businesses, both Irish 

and foreign-owned, benefit privately from R&D activity. This paper addresses this issue.  Second, the 

proportion of the social benefits of R&D activity captured by Ireland is of interest.  Third, the extent to which 

other businesses may benefit depends on whether vertical, horizontal and other forms of linkage are local, 

regional or national in spatial scale.   

 

In order to comprehensively evaluate Irish innovation policy, it would be necessary to quantify each of the 

private and social benefits identified by Roper et al (2003; 2004) and compare them to the level of public 

support for R&D. This is a challenging research programme as many of the benefits are difficult to measure and 

available data have important limitations. However, there is a growing body of recent econometric research that 

goes some way to improving our understanding of these key issues. 

 

Jordan and O’Leary (2008) critique Irish innovation policy as well as providing an insight into the innovation 

performance of a sample of high-technology businesses.  Their critique is that Irish policy may be characterized 

as science-push with its three key tenets being; (i) that high-technology sectors have the greatest potential for 

innovation and growth;  (ii) that public support should be targeted either at HEIs or at businesses interacting 

with HEIs; and, (iii) that business and public expenditure on R&D should be increased. Their empirical findings, 

based on a sample of 184 Irish and foreign-owned high-technology businesses, show that increased frequency of 

interaction with HEIs lowers the probability of both product and process innovation and that the performance of 

R&D enhances the likelihood of business innovation.   

 

The availability of the Community Innovation Survey (CIS) has facilitated more broadly-based econometric 

analyses of innovation in Ireland.  Based on a sample of 1,974 businesses from the survey for 2004-06, for the 

full range of manufacturing and selected service sectors, Doran and O’Leary (2011) investigate the extent of 

product innovation in Ireland. They show that businesses in High-technology Manufacturing, All Other 

Manufacturing, Wholesale, Transport, Storage and Communication, Financial Intermediation and Computer, 

Architecture and Engineering Services are equally likely to introduce products that are new to the firm or new to 

the market.  This result questions the view that high-technology sectors have more potential for innovation.  

Interestingly, that paper finds foreign-owned businesses are more likely to engage in either form of product 

innovation than Irish-owned.    
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The absence of a positive effect on Irish innovation performance from interaction with HEI’s (Jordan and 

O’Leary, 2008; Hewitt-Dundas and Roper, 2008) has worrying implications for Irish policy.
5
  Doran and 

O’Leary (2011) investigate how Irish businesses source knowledge for innovation.  The results point to a 

dichotomy in businesses’ knowledge sourcing decisions.  Businesses can generally be classified into those that 

source knowledge from market agents, such as suppliers and customers, and those that source knowledge from 

non-market agents, such as universities and government research institutes.  This dichotomy may reflect the 

science-push focus of Irish innovation policy with its concentration on business-university interaction in high-

technology businesses.  
 

To conduct a comprehensive assessment of the contribution of Irish HEIs it is necessary to account for the role 

played by human capital in Irish business innovation.  It has long been recognized that human capital plays a 

key role in building the absorptive capacity of the business (Cohen and Levinthal, 1990).  The traditional role of 

HEIs as educator clearly has a potentially positive impact on Irish innovation output.  The CIS survey is 

deficient in its treatment of human capital.  The proportion of the workforce with educational qualifications, 

which is a feature of the CIS in other countries, is not included in the Irish case.  While the BERD survey (CSO, 

Various Years) does address this question, there is no published research using matched data from the two 

surveys. Jordan and O’Leary (2008) find that firms with a higher proportion of the workforce with third level 

education are more likely to introduce new product and process innovation.  However, this is an issue which 

needs to be addressed using more comprehensive data on human capital to establish the efficacy of public 

investment in HEIs for Irish innovation.   

 

Doran and O’Leary’s (2011) paper questions the importance of learning through interaction with market and 

non-market agents for innovation performance.  After estimating the relationship between innovation and 

productivity in a simultaneous system, they find external interaction affects the decision to innovate but not the 

exploitation of innovation for productivity gains.  However, they also find that more productive firms have 

higher levels of innovation output.  This important result points to the primacy of cumulative learning built up 

within the business for innovation and suggests that the importance of external interaction, much heralded in the 

innovation and regional literature, has been over-emphasized. It serves as a reminder that in-house productive 

effort is vital.  In an Irish policy context Doran and O’Leary (2011) point to the importance of drilling deeper 

into R&D activity for Irish business innovation. 

 

This paper contributes to the literature and the policy debate by investigating the private returns to R&D 

activity.  Existing research consistently points to the positive role played by R&D for the innovation 

performance of Irish business (Roper, Du and Love, 2008; Jordan and O’Leary, 2008; Doran and O’Leary, 

2011; Doran and Jordan, 2011).  This paper takes the analysis further using the more disaggregated measures of 

R&D in the Irish CIS and investigating their effect on innovation by Irish and foreign-owned businesses.   
  

4. THE PRIVATE RETURNS TO R&D EXPENDITURE 
 

Cohen and Levinthal (1989) assert that R&D plays a crucial role in the development of new knowledge and in 

enhancing firms’ absorptive capacity. They note that firms which invest in R&D gain an increased ability to 

identify, assimilate and exploit knowledge for the generation of new innovations. This proposition is strongly 

supported by empirical evidence which shows that R&D has a significant positive effect on the probability and 

intensity of innovation both in Ireland and internationally (Crépon, Duguest and Mairesse 1998; Lööf and 

Heshmati 2002; Lööf and Heshmati 2006; Roper, Du and Love 2008; Doran and O’Leary 2011). 

 

In addition, Griliches (1990) has raised the question whether more intensive R&D is more or less efficient as an 

“engine of innovation” than less intensive R&D activity.  Klette and Griliches (2000) develop a model which 

proposes that R&D expenditure exhibits diminishing returns implying that, at the margin, the benefit in terms of 

the probability of innovating from each extra unit of R&D expenditure declines. They suggest that, as products 

become more sophisticated, the costs per efficiency unit of R&D increase. This means that increasing levels of 

R&D must be undertaken to secure the next innovation. This has obvious implications for policy in that it 

suggests that, all other things being equal, continuous investment and growth in R&D may have limited private 

benefits. The model adopted in this paper allows an investigation of whether the returns to R&D are diminishing 

in the Irish case. 

 

This paper contributes to literature on Irish innovation policy by providing a detailed analysis of (i) the effects 

of different kinds of R&D expenditure on the likelihood of innovation; (ii) whether R&D expenditure exhibits 

                                                           
5 In fact there is little evidence of a positive effect in other countries (Roper, Youtie, Shapira and Fernandes-Ribas, 2010). 
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diminishing returns; and, (iii) whether differences exist for Irish and foreign owned businesses.  In order to test 

these hypotheses a modified version of the innovation production function is employed (Love and Mansury 

2007; Roper et al. 2008; Doran and O’Leary 2011).  Equation (1) is the innovation production function to be 

estimated: 

iikkijjijji ZDRDRIO   2
0 &&  (1) 

 

Where IOi is a measure of firms innovation output, R&Dij is a series of j variables indicating the expenditure of 

firm i on j different forms of R&D.  The paper uses four different types of R&D expenditure; (i) intramural 

R&D, (ii) the acquisition of capital, (iii) extramural R&D and (iv) the acquisition of external knowledge (see 

Section 5 for full definitions). Each variable is measured as expenditure per worker and βj are the associated  

coefficients . 2& ijDR  is a series of j variables which represent the squared value of firm i’s R&D expenditure 

per worker, with λj being the associated coefficients. Zik is a series of k variables indicating company specific 

factors for firm i, with k  being the associated coefficients and εi is the error term. 

 

The objective of this paper is to assess the effectiveness of R&D expenditure for firm innovation performance.  

While the literature typically measures the direct impact of R&D on firm performance, as captured by the 

coefficients βj, this paper in addition considers a quadratic relationship between R&D expenditure and 

innovation (Roper et al. 2008).  If the βj coefficients are significant the rate of return to R&D expenditure at the 

margin can be derived from the λj coefficients.  If λj coefficients are positive, then it can be concluded that R&D 

expenditure exhibits increasing returns, a negative coefficient would imply that R&D expenditure exhibits 

diminishing returns and an insignificant coefficient would imply that R&D expenditure exhibits constant 

returns. 
 

Three types of innovation output are considered.  These are product, process and organizational innovation and 

are described in more detail in the next section.  All variables are expressed as binary indicators of whether a 

firm has introduced a new innovation or not during the reference period, from 2004 to 2006.   As the dependent 

variable is binary a probit model is used to estimate equation (1). 

 

The control variables Zik include the size of the firm (expressed as the number of people employed), a measure 

of human capital and the sector the firm operates in.  Previous literature on the innovation production function 

suggests that it is important to control for potential firm heterogeneity arising from these factors (Pavitt 1984; 

Crépon et al. 1998; Freel 2003).  

 

As already noted, this paper is concerned with whether the returns to R&D expenditure vary between Irish and 

foreign-owned businesses.  In order to test whether the variance in coefficients across ownership is significantly 

different two different techniques are utilized; (i) likelihood-ratio tests are employed to assess whether the 

variation across the two ownership types is significantly different (Long and Freese 2001; Greene 2008) and (ii) 

interaction terms are used to assess whether there is a significant difference across the coefficients of Irish and 

foreign- owned businesses.  The likelihood ratio tests involve comparing the estimation of equation (1) for the 

full sample to the estimations of equation (1) for the sub-samples of Irish and foreign-owned businesses.  The 

test assesses whether the composite models, comprised of the separate ownership estimations of equation (1), 

provide a better estimation than the aggregate data estimation of equation (1).  The null hypothesis is that the 

aggregate model applies to each form of ownership meaning there is parameter stability.  The use of interaction 

terms involves the estimation of equation (1) with the equation augmented to include interaction terms of each 

variable (essentially each variable is multiplied by the dummy variable indicating whether the firm is Irish 

owned or not).  This allows for the testing of hypotheses that specific coefficients are statistically different 

across Irish and foreign- owned businesses (Powers, 2005).  These approaches are alternative ways of testing 

whether the returns are different. 
   

One final issue which arises in our estimation is that not all businesses in our sample perform R&D. In our 

estimation we treat these businesses as having zero R&D expenditure in each R&D category. However, some 

businesses report innovation activity even though they do not engage in R&D (possibly deriving their creative 

ideas from other sources). This issue has been dealt with in an Irish context, using the same data as this paper, 

by numerous authors including Doran and O’Leary (2011) and Doran, Jordan and O’Leary (2012). The general 

consensus is that, ceteris paribus, while businesses which engage in R&D are more likely to innovate than non-

R&D active businesses other forms of knowledge sourcing can be used to supplement a lack of R&D activity. 
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While the differing mechanisms through which non-R&D active businesses innovate provide an interesting 

avenue for future research it is beyond the scope of this paper.
6
   

 

 

5. THE CIS: 2004-06 

This paper uses data from the Irish Community Innovation Survey (CIS), which is conducted jointly by Forfás 

(Ireland’s national policy advisory body) and the Irish Central Statistics Office. The survey sample is 1,974 

businesses, representing a 48% response rate, which is high relative to other Irish studies (Roper 2001; Jordan 

and O’Leary 2008).  The survey is directed to companies employing more than 10 persons engaged in selected 

sectors (see Forfás (2008) for a discussion on the sectoral framework utilised).  Consistent with the OECD’s 

Oslo manual, the survey adopts a reference period, which in this case is 2004 to 2006, for innovation inputs and 

outputs (OECD 2005).   

 

The Irish CIS distinguishes between product, process and organizational innovation.  Product innovation is 

defined as the introduction of a new or improved good or service with respect to its capabilities, user 

friendliness, components or sub-systems.  These innovations must be new to the business, but they do not need 

to be new to the market.  Process innovation is defined as the implementation of a new or improved production 

process, distribution method, or support activity for goods or services.  Again, process innovations must be new 

to the business but not necessarily the market.  Finally, the CIS defines organizational innovation as the 

implementation of new business practices for organizing procedures, new methods of organizing work 

responsibilities and decision-making or new methods of organizing external relations with other firms or public 

institutions.  These exclude mergers or acquisitions, even if for the first of such for the business.  Firms indicate 

whether they have performed any of these types of innovation, resulting in a series of binary innovation 

variables.  Table 3 shows that 32% of Irish-owned firms engaged in product innovation, 30% in process 

innovation and 40% in organizational innovation. These are lower than foreign-owned businesses where the 

percentages are 53%, 46% and 56% respectively.    

 

The central focus of this paper is the returns from R&D expenditure for innovation performance. The Irish CIS 

distinguishes between four types of R&D expenditure.  The first relates to intramural R&D expenditure by a 

firm and is defined as creative work undertaken within an enterprise to increase the stock of knowledge and its 

use to devise new and improved products and processes. The second is the acquisition of advanced machinery, 

equipment and computer hardware or software to produce new or significantly improved products and processes 

in the enterprise. The third form of R&D is extramural R&D expenditure, which is defined as the same activities 

as intramural R&D, but performed by other companies or by public or private research organisations and 

purchased by the enterprise. The final form of R&D is the acquisition of other external knowledge which is 

defined as the purchase or licensing of patents and non-patented inventions, know-how and other types of 

knowledge from other organisations. Descriptive statistics for R&D expenditures are displayed in Table 3, 

disaggregated by ownership.   

 

It is immediately apparent that foreign-owned businesses are considerably more R&D intensive. On average 

they spend nearly four times more per worker than Irish-owned businesses on intramural R&D, five times more 

on the acquisition of capital for innovation, nine times more on extramural R&D and 33 times more on the 

acquisition of external knowledge. The large standard deviation on spending by foreign-owned firms on the 

acquisition of external knowledge is of interest and suggests very large spending by a small number of large 

firms.   

 

 

 

                                                           
6 The inclusion of zero values as indicators of a lack of R&D activity is consistent with the international literature such as 

Roper et al (2010). As an alternative to entering zeros it is possible to use a two-step model which firstly models whether 

firms engage in R&D activity and subsequently whether R&D expenditure (for those firms who actually engage in R&D 

activity) has a positive effect on innovation. This is essentially the method used by Crepon et al. (1998). However, the 

application of this approach to this paper is not viable due to the fact that it would result in a large reduction in our degrees 

of freedom, possibly reducing the efficiency of our estimates. This is due to the fact that the second stage of the estimation is 

run on only the subsample of firms which perform R&D, substantially reducing our degrees of freedom.  Also as our 

dependent variable is a binary indicator of innovation activity, and as approximately 97% of firms who perform R&D 

innovate, restricting our sample to only R&D performing firms means that our binary dependent variable is mainly 

dominated by 1s. This can have implications for the accuracy of estimates. For this reason we follow Roper et al. (2010) 

approach as oppose to the CDM method. 
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Table 3: Descriptive Statistics from the Irish CIS 2004-06 

Variable 
Irish-Owned Foreign-Owned 

Mean 

Value 

Standard 

Deviation 

Mean 

Value 

Standard 

Deviation 

Innovation 

    Product Innovator (1/0) 32.31% n.a. 53.25% n.a. 

Process Innovator (1/0) 30.13% n.a. 46.35% n.a. 

Organisational Innovator (1/0) 40.42% n.a. 56.41% n.a. 

R&D Activity  

    Intramural R&D € 1,370 € 7,634 € 4,881 € 20,582 

Acquisition of Capital for Innovation € 1,719 € 13,030 € 8,621 € 60,900 

Extramural R&D € 108 € 1,480 € 981 € 9,338 

Acquisition for External Knowledge € 134 € 1,731 € 4,366 € 54,112 

Sector 

    High Technology Manufacturing 8.86% n.a. 28.99% n.a. 

All Other Manufacturing 32.38% n.a. 22.88% n.a. 

Wholesale, Transport, Storage &  

                                     Communication 39.33% 
n.a. 

21.89% 
n.a. 

Financial Intermediation 6.13% n.a. 14.99% n.a. 

Computer, Architecture & Engineering  

                                     Services 13.29% 
n.a. 

11.24% 
n.a. 

Business Specific Factors 

    Employment 86 524 232 564 

Lack of Human Capital 
    

No Impact 49.9% n.a. 45.56% n.a. 

Low Impact 21.95% n.a. 28.8% n.a. 

Medium Impact 19.43% n.a. 19.92% n.a. 

High Impact 8.73% n.a. 5.72% n.a. 

 

 

The sectors surveyed in the CIS are the complete range of manufacturing sectors and three services sectors: 

Wholesale, Transport, Storage and Communication; Financial Intermediation; and, Computer, Architecture and 

Engineering Services. This paper classifies manufacturing into High-Tech Manufacturing and All Other 

Manufacturing.  The services sector Computer, Architecture and Engineering Services is also classified as high-

technology (National Competitiveness Council, 2009).  

 

Business specific factors also included from the Irish CIS are the number of people employed by the enterprise. 

The mean size of Irish-owned enterprises is 86 persons while foreign-owned businesses on average employ 232. 

To proxy absorptive capacity, a variable indicating whether the business perceives a lack of human capital as 

being prohibitive to innovation is included.  This is an ordered variable where businesses indicate the extent to 

which a lack of human capital influences its ability to innovate.  Half of Irish-owned businesses indicate that a 

lack of human capital had no impact on their innovation performance, while 22%, 19% and 9% reported low, 

medium and high impacts on their innovation performance respectively.  These levels are similar for foreign-

owned businesses.  As discussed in Section 3, the more typical measure, which is the proportion of the 

workforce with a third level degree, is not available in the Irish CIS. 

 

 

6. ECONOMETRIC RESULTS 

Table 4 displays the results of the probit estimations of equation (1), with interaction terms. For ease of 

interpretation marginal effects are presented.  The estimates for the likelihood ratio tests based on equation (1) 

for Irish and foreign-owned businesses are presented in Appendix 1. It should be noted at this point that both 

approaches produce identical coefficient results (Stata, 2010), so for brevity the paper just discusses the results 

for the interaction model (for completeness Appendix 2 contains the original coefficients for the interaction 

model). 
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Figures 4 to 6 graphically present the impacts for both Irish and foreign-owned businesses of the different forms 

of R&D activity for product, process and organizational innovation.  Only the variables with significant 

coefficients on R&D expenditure in Table 4 are used in constructing these Figures.
7
 

   

In 13 of the 24 cases, the value of βj is positive and significant as expected with the remainder being statistically 

insignificant (see Appendix 1). This implies that various kinds of R&D expenditure per worker have positive 

effects on the likelihood of innovation.  This generally concurs with the literature (Griffith, Huergo, Mairesse 

and Peters (2006), Crépon et al. (1998), Doran and O’Leary (2011)).  However, by disaggregating R&D 

spending and investigating the relationship for Irish and foreign-owned businesses and for different types of 

innovation output, this paper offers more detailed evidence of particular interest to policymakers. The results for 

product, process and organizational innovation are discussed in turn, followed by a final sub-section on business 

specific factors. 

 

R&D for Product Innovation 

While both Irish and foreign-owned businesses engaging in intramural R&D are more likely to innovate, the 

marginal effect of the Irish-owned interaction term of +0.47 is two times larger than the marginal effect for 

foreign-owned businesses. This form of R&D relates to creative work undertaken within an enterprise to 

increase its stock of knowledge.  Spending on extramural R&D has no significant effect on the innovation 

likelihood for both categories of ownership. For the acquisition of capital for innovation, the effects are positive 

for both with no significant difference between Irish and non-Irish owned businesses, although much lower than 

for intramural R&D.  Perhaps the relatively lower return on capital for innovation may be complemented by the 

additional benefits of using new capital to enhance productive efficiency of existing products (Doran and 

O’Leary, 2011).   

 

Both intramural R&D and the acquisition of capital for innovation exhibit diminishing returns for both Irish and 

foreign-owned businesses, as indicated by the negative coefficient on the squared terms.  This suggests that as 

businesses increase their R&D expenditure per worker the efficiency of each extra euro spent diminishes.  This 

is consistent with Klette and Griliches’s (2000) assertion that R&D expenditure exhibits diminishing returns.   

 

The acquisition of external knowledge, which refers to the purchase or licensing of patents and non-patented 

inventions, know-how and other types of knowledge from other organisations, has a positive impact on the 

likelihood of foreign-owned businesses engaging in product innovation.  With a marginal effect of 0.21, this is 

by far the highest return on any form of R&D.
8
 Moreover, it is noteworthy that foreign-owned businesses 

acquisition of these forms of knowledge displays increasing returns. This signifies that the probability of 

innovation rises at an increasing rate for every extra euro of R&D expenditure.  This is represented as a convex 

curve in Figure 4b. This is the only occurrence of increasing returns observed and runs counter to what is 

anticipated from Klette and Griliches (2000). 

 

R&D for Process Innovation 

Intramural R&D, extramural R&D and the acquisition of capital for innovation have significantly positive 

effects on the likelihood of process innovation in Irish-owned businesses.  Of these the marginal effect of 

extramural R&D, which relates to the same activities as intramural R&D, but performed by other companies or 

organisations and purchased by the enterprise, is by far the largest. This can be clearly seen in Figure 5, which 

also shows strong diminishing returns to this form of R&D for process innovation. Interestingly, the importance 

of intramural R&D and the acquisition of capital for Irish businesses is reversed from the results for product 

innovation. Firms which purchase new capital for innovation, such as manufacturing equipment or software, are 

likely to change their production processes as a result.  For foreign-owned businesses only the acquisition of 

capital for innovation is the only R&D expenditure that exhibits a significantly positive effect on the likelihood 

of process innovation.   

 

                                                           
7 It is assumed that all other variables are held constant and that the business operates in the High-Technology Manufacturing 

sector.  Changing these assumptions merely result in a shift of the R&D curve and have no impact on the slope or relative 

magnitude of the estimated returns. 
8 The marginal effect of -0.2232 for Irish-owned is added to that for foreign-owned.  It is therefore approximately zero and 

insignificant. This is confirmed in Appendix 1. 
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R&D for Organizational Innovation 

Results for organizational innovation are very similar to those for process innovation.  Again, intramural R&D, 

extramural R&D the acquisition of capital for innovation have significantly positive effects on the likelihood of 

organizational innovation for Irish-owned businesses while for foreign-owned businesses only the acquisition of 

capital for innovation is significantly positive. The returns to R&D also exhibit diminishing returns, regardless 

of ownership. This similarity in results for process and organizational innovation may reflect how the 

implementation of new or improved production processes, distribution methods, or support activities and the 

implementation of new business practices operate in parallel. 

 

Business Specific Factors  

In addition to R&D positively impacting on the likelihood of businesses innovating, business-specific variables 

also suggest that larger businesses are more likely to introduce all types of innovations (regardless of whether 

they are Irish or foreign-owned). Businesses which report a lack of human capital are also more likely to 

innovate. While this human capital finding may appear counterintuitive, Doran and O’Leary (2011) argue this 

may arise where firms are under pressure to innovate in order to overcome this deficiency or if innovative firms 

are more likely to perceive a lack of human capital in their firm. Sectoral effects are also observed, with both 

Irish and foreign-owned businesses in the high-technology sectors of High-Tech Manufacturing and Computer, 

Architecture and Engineering Services more likely to introduce product innovation. Irish-owned businesses and 

foreign-owned businesses in High-Tech Manufacturing are more likely to process innovate. The likelihood of 

organizational innovation appears not to vary much between sectors.  
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Table 4: Probit Estimation of Equation (1) using Interaction Terms 

 

Variable Names Product Process Organizational 

 
Irishd Foreign Irishd Foreign Irishd Foreign 

R&D Expenditure        

Intramural R&D 0.0473*** 0.0250*** 0.0148*** 0.0017 0.0144*** -0.0034 

 

(0.0112) (0.0064) (0.0053) (0.0029) (0.0054) (0.0030) 

Intramural R&D Squared -0.0004*** -0.0001*** -0.0002*** 0.0000 -0.0001*** 0.0000 

 

(0.0001) (0.0000) (0.0001) (0.0000) (0.0000) (0.0000) 

Acquisition of Capital for 

Innovation -0.0077 0.0163*** 0.0192*** 0.0050*** 0.0305*** 0.0037*** 

 

(0.0055) (0.0050) (0.0034) (0.0016) (0.0055) (0.0019) 

Acquisition of Capital for 

Innovation Squared 0.0001 -0.0002*** -0.0001*** -0.0001*** -0.0004*** -0.0001*** 

 

(0.0001) (0.0001) (0.0000) (0.0000) (0.0001) (0.0000) 

Extramural R&D 0.0390 0.0235 0.1057*** -0.0058 0.1217*** -0.0079 

 

(0.0447) (0.0145) (0.0376) (0.0076) (0.0408) (0.0086) 

Extramural R&D Squared -0.0016 -0.0001 -0.0023*** 0.0000 -0.0028*** 0.0001 

 

(0.0012) (0.0001) (0.0011) (0.0001) (0.0011) (0.0001) 

Acquisition of External 

Knowledge -0.2232*** 0.2055* 0.0050 0.0005 0.0039 -0.0028 

 

(0.1213) (0.1189) (0.0245) (0.0079) (0.0321) (0.0132) 

Acquisition of External 

Knowledge Squared -0.0114*** 0.0119* -0.0001 0.0000 0.0000 0.0003 

 

(0.0061) (0.0061) (0.0006) (0.0000) (0.0008) (0.0002) 

Sectorc       

All Other Manufacturing -0.1640* -0.1204** -0.1320 -0.0936* -0.2190*** -0.1053*** 

 

(0.0859) (0.0515) (0.0899) (0.0523) (0.0970) (0.0582) 

Wholesale, Transport, Storage & 

Communication -0.3339 -0.0199** -0.0808 -0.1761*** -0.2550*** -0.0268 

 

(0.0532) (0.0532) (0.0542) (0.0542) (0.0598) (0.0598) 

Financial Intermediation -0.1386*** -0.1742*** -0.0625 -0.1568*** -0.1973* -0.0196 

 

(0.1010) (0.0587) (0.1038) (0.0592) (0.1095) (0.0651) 

Computer, Architecture & 

Engineering Services -0.2663*** 0.0094 -0.1011 -0.1172* -0.0923 -0.0402 

 

(0.0941) (0.0681) (0.0976) (0.0662) (0.1055) (0.0749) 

Business Specific Factors       

Employment 0.0393** 0.0253* 0.0171 0.0496*** 0.0355* 0.0298*** 

 

(0.0180) (0.0145) (0.0187) (0.0149) (0.0204) (0.0163) 

Human Capital  -0.0078 0.0779*** -0.0464** 0.0961*** -0.0583** 0.1338*** 

  (0.0234) (0.0205) (0.0239) (0.0207) (0.0266) (0.0232) 

       

Obs. 

 

1974 

 

1974 

 

1974 

Chi2 

 

620.65 

 

382.65 

 

307.77 

Prob > Chi2 

 

0.0000 

 

0.0000 

 

0.0000 

Likelihood Ratio  -997.50  -1077.91  -1202.55 

Pseudo R2  0.2373  0.1507  0.1134 

 
Note:- a: *** indicates significance at 99%, ** indicates significance at 95% and * indicates significance at 90%. 

b: Probit estimation techniques are utilised as the dependent variable is binary in nature.  Marginal effects are presented for 

ease of interpretation. 

c: High technology is the sector reference category. 

d: The Irish coefficients are interaction terms, which show the differential effects of Irish compared to foreign-owned 

businesses.    
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Figure 4: The Impact of R&D on Product Innovation 
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Figure 5: The Impact of R&D on Process Innvoation 
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Figure 6: The Impact of R&D on Organisational Innovation 

 

 

  

  
 

 

7. IMPLICATIONS FOR POLICYMAKERS 

 

This paper has estimated the effect of R&D spending on the probability of Irish and foreign-owned businesses 

engaging in product, process and organizational innovation.  It makes an important contribution to our 

understanding of Irish business by providing a detailed econometric analysis of the CIS: 2004 to 2006, on the 

private returns to four different kinds of R&D spending in Ireland. 

 

One important finding that is of interest to policymakers is that Irish businesses are significantly more likely 

than foreign-owned businesses to introduce new products as a result of intramural R&D spending. Also, Irish 

businesses achieve a return from intramural spending for process and organizational innovation, which is not 

experienced by foreign-owned businesses.  On average Irish businesses spend nearly four times less per worker 

than foreign-owned businesses on intramural spending, which refers to creative work undertaken by the 

business. While all Irish-based businesses face the same incentives to engage in R&D, in terms of corporation 

tax and R&D tax credits, there is one important difference. As part of multi-national enterprises, the parent 

companies of foreign-owned businesses may make decisions on the location of corporate activities to minimize 
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their group’s corporate tax bill. This tax consideration may offset the imperative of developing new products, 

processes and organisational structures through intramural R&D expenditure. This consideration is not likely to 

be present for Irish businesses, relatively few of whom are part of multi-national enterprises.   

 

While Irish-owned businesses appear to be superior at directing creative effort to new products, and to a lesser 

extent, new processes and organizational forms, it remains an open question as to whether these innovations 

subsequently deliver increased productivity and employment for these businesses.  However, the finding is 

positive for the level of innovation in Irish-owned business driven by the creativity of the businesses themselves, 

which may contribute to increased national prosperity in the long-term. Foreign-owned businesses, which 

typically produce high-technology products developed elsewhere in the corporation at the growth or maturity 

stage of the product life cycle, may not have as strong a need to engage in product innovation as a result of 

intramural R&D spending. However, it should be noted that these large plants have consistently contributed to 

Irish employment.    

      

Irish businesses enjoy a relatively large positive return from extramural spending, but only for process and 

organisational innovation. Extramural spending relates to creative work performed by other companies or by 

public or private research organisations and purchased by the enterprise. This may reflect the tendency for 

indigenous businesses, which generally are small with an average employment of 86 workers, to rely more on 

outside sources of knowledge (Freel, 2003). It is not possible to infer, due to limitations of the CIS data, whether 

these sources are located within the Irish innovation system.  Policymakers would clearly be interested in 

whether the supports available to these businesses to interact with other businesses and HEIs locally, regionally 

or nationally have had a positive effect.  Indeed, it will be worthwhile to investigate whether, in the context of 

national linkages to HEIs, the introduction by Enterprise Ireland of the Innovation Voucher scheme in 2007 has 

had a positive effect on the innovation performance of indigenous industry (Enterprise Ireland, 2011).      

 

Turning to the purchase or license of patents and non-patented inventions, know-how and other types of 

knowledge from other enterprises or organisations, it is particularly noteworthy that foreign-owned businesses, 

which on average spend €4,366 per worker on this form of R&D (33 times the average level of Irish businesses) 

enjoy a very high return to product innovation.  Indeed, the exceptional finding that this is the only return 

exhibiting increasing returns is especially noteworthy.  The presence of tax exemptions for income from patents, 

where research, planning, processing, experimenting, testing, devising, designing, developing or other similar 

activity leading to an invention was carried out in Ireland or elsewhere in the European Economic Area (EEA), 

is likely to act as a financial inducement to this form of expenditure, which has a notably strong positive effect 

on the likelihood that these businesses will introduce new products.         

 

It is significant to note that foreign-owned businesses engaged in product innovation and interacting with HEIs 

spend nearly four times more on collaboration with national HEIs than with HEIs in Northern Ireland and 33 

times more than with HEIs in the rest of Europe.
1
 Combined with the results in Table 4, this result suggests a 

difference in the approach to R&D activity in Irish and foreign-owned businesses. Foreign-owned businesses 

may be in a better position, with access to greater financial resources, to license or purchase patents associated 

with R&D breakthroughs in Irish HEIs. They may also benefit from collaboration with HEIs by being better 

placed to identify and evaluate opportunities with greater commercial potential.  Foreign-owned businesses may 

devote more effort to identifying discoveries in HEIs with commercial potential, than in developing new 

products and processes internally. This sheds light on HEI collaboration which has been a major element of Irish 

innovation policy (see Section 2). 

 

Smaller Irish-owned businesses, on the other hand, may be less able to engage in large collaborative projects 

due to an inability to provide matched funding and rely more on other sources of knowledge when developing 

new products and processes.  This may explain the variation in the returns to different kinds of R&D effort in 

Irish and foreign–owned businesses. 

 

                                                           
1 The CIS survey question on R&D spending does not indicate where the recipient of the expenditure comes from.  

However, the CIS does include a separate question on whether or not businesses collaborate with HEIs and if so where the 

HEI is located.  On the assumption that collaboration with HEIs coincides with the purchase of patents or other know-how, a 

cross-tabulation reveals that product innovating foreign-owned businesses spend €1,002 per worker interacting with Irish 

HEIs, €272 per worker with Northern Irish HEIs, and €30 per worker with HEIs in the rest of Europe.  Interestingly they 

spend zero euro interacting with HEIs outside Europe.  While these levels are noteworthy they are considerably lower than 

the average spend on this form of R&D. Table 3 showed this to be €4,366 per worker with an extremely large standard 

deviation. The difference can be explained by a small number of foreign-owned businesses not engaged in product 

innovation who have very large spending on patents.     
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Further exploration of the differing nature of R&D efforts in Irish and foreign-owned businesses would be a 

worthwhile avenue for future research using complementary methods such as longitudinal studies and case 

analysis.  It will also be of interest to policymakers whether the introduction of Strategic Research Clusters and 

CSETs focussed on foreign-owned businesses and Innovation Vouchers targeted at Irish-owned businesses, 

have had positive effects on innovation performance. 

 

Apart from the one significant exception mentioned above, the findings indicate that, where they are significant, 

private returns are positive but diminishing. Thus, all other things being equal, the marginal return in terms of 

the added effect on the probability of innovation has been found to be diminishing. While this result is 

consistent with other work (Klette and Griliches, 2000), it should be noted that in practice other factors, such as 

the capacity of the business’s human capital stock and the level and nature of its interaction with outside sources 

of knowledge, are not likely to be constant. Improvements in these factors, working in tandem with R&D 

spending, may have the potential to deliver increasing returns for the business. This would be a fruitful line for 

future research that would be of particular interest to policymakers.   

 

On balance, the results point to significant differences in the relationships between R&D spending and 

innovation performance in Irish and foreign-owned businesses.  The former have significant returns in 8 out of 

the 12 possible categories investigated, with the largest returns from intramural spending for product innovation 

and from extramural spending for process and organizational innovation. Foreign-owned businesses have 

significant returns in only 5 (out of a possible 12 categories) and these are by far the largest in one category, the 

purchase or licences of patents and other know-how for product innovation.  This may be explained both by 

obvious differences in relation to size, age and sectoral composition of the businesses but also by the different 

financial incentives each face in doing innovation in Ireland.            

 

This paper has investigated the private returns to R&D spending by Irish-based businesses. The social return to 

the Irish taxpayer of offering business incentives to engage in R&D spending has not been addressed. In order to 

make progress on this important question it is necessary to investigate whether the benefits are captured by the 

Irish innovation system. In particular to what extent are the suppliers, customers, competitors and other related 

businesses, that benefit from R&D spending by Irish-based businesses, themselves Irish-based.  In addition, how 

does R&D spending yield benefits in terms of up-skilling the Irish workforce? Unfortunately, as argued in 

Section 3, these lines of research are currently frustrated in Ireland by data availability problems. 

 

Overall, although a comprehensive evaluation of Irish innovation policy is a substantial research programme, it 

is becoming increasingly important given the sizeable amounts of public expenditure, which is coming under 

enhanced scrutiny in the current financial crisis, that have been and are pledged to it in the future. By 

investigating the relationship between R&D spending and innovation performance, this paper points at 

important issues to be taken into account in future evaluations of Irish innovation policy.      
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APPENDIX 1  

Likelihood Ratio Estimation of Equation (1) 

 

Table A1: Estimations of Equation (1) with LR Test 

Variable Names 
Product Process Organizational 

Irish Foreign Irish Foreign Irish Foreign 

Constant -1.3225 -0.6269 -1.3514 -0.8372 -1.2228 -0.4350 

 

(0.1871) (0.2767) (0.1790) (0.2643) (0.1779) (0.2588) 

R&D Expenditure  

      Intramural R&D 0.2503*** 0.0865*** 0.0528*** 0.0054 0.0318*** -0.0097 

 

(0.0319) (0.0225) (0.0142) (0.0091) (0.0128) (0.0087) 

Intramural R&D Squared -0.0019*** -0.0003*** -0.0007*** 0.0000 -0.0004*** 0.0000 

 

(0.0003) (0.0001) (0.0002) (0.0001) (0.0001) (0.0001) 

Acquisition of Capital for Innovation 0.0299*** 0.0567*** 0.0776*** 0.0161*** 0.0982*** 0.0108** 

 (0.0079) (0.0173) (0.0098) (0.0051) (0.0150) (0.0055) 

Acquisition of Capital for 

Innovation Squared -0.0001*** -0.0006*** -0.0002*** -0.0001*** -0.0013*** -0.0001** 

 (0.0000) (0.0002) (0.0000) (0.0000) (0.0003) (0.0000) 

Extramural R&D 0.2167 0.0815 0.3201*** -0.0186 0.3267*** -0.0227 

 

(0.1466) (0.0503) (0.1186) (0.0244) (0.1152) (0.0247) 

Extramural R&D Squared -0.0061 -0.0005 -0.0073** 0.0001 -0.0078*** 0.0002 

 

(0.0042) (0.0003) (0.0036) (0.0002) (0.0031) (0.0002) 

Acquisition of External Knowledge -0.0611 0.7126* 0.0176 0.0015 0.0032 -0.0079 

 

(0.0857) (0.4136) (0.0742) (0.0254) (0.0840) (0.0379) 

Acquisition of External 

Knowledge Squared 0.0018 0.0414* -0.0003 0.0000 0.0008 0.0008 

 

(0.0022) (0.0253) (0.0018) (0.0001) (0.0023) (0.0007) 

Sector 

      All Other Manufacturing -0.2899** -0.4172** -0.2085 -0.2998* -0.1439 -0.3026* 

 

(0.1442) (0.1795) (0.1350) (0.1678) (0.1335) (0.1676) 

Wholesale, Transport, Storage & 

Communication -0.5306*** -0.0691 -0.3090** -0.5644*** -0.0218 -0.0770 

 

(0.1447) (0.1842) (0.1354) (0.1750) (0.1331) (0.1719) 

Financial Intermediation -0.3883** -0.6038*** -0.1885 -0.5025*** 0.1649 -0.0562 

 

(0.2016) (0.2051) (0.1911) (0.1906) (0.1841) (0.1869) 

Computer, Architecture & Engineering 

Services -0.1944 0.0327 -0.1854 -0.3757** 0.4073*** -0.1154 

 

(0.1658) (0.2361) (0.1535) (0.2126) (0.1505) (0.2151) 

Business Specific Factors 

      Employment 0.2239*** 0.0876* 0.2138*** 0.1590*** 0.1876*** 0.0856* 

 

(0.0369) (0.0503) (0.0359) (0.0481) (0.0352) (0.0469) 

Human Capital  0.2430*** 0.2701*** 0.1593*** 0.3079*** 0.2169*** 0.3844*** 

 

(0.0374) (0.0719) (0.0367) (0.0673) (0.0350) (0.0682) 

       

Obs. 1467 507 1467 507 1467 507 

Chi2 402.00 149.75 248.74 91.07 213.16 55.77 

Prob > Chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Likelihood Ratio -722.02 -275.47 -773.37 -304.54 -883.18 -319.36 

Pseudo R2 0.2178 0.2137 0.1385 0.1301 0.1077 0.0803 
 

Note  a: *** indicates significance at 99%, ** indicates significance at 95% and * indicates significance at 90%. 

b: Probit estimation techniques are utilised as the dependent variable is binary in nature. 
c: High technology is the sector reference category. 

d: The Likelihood ratio tests for product, process and organisational innovation have Chi2 values of 61.85, 65.26 and 77.70 respectively 

resulting in and a p-value of 0.0000 for each type of innovation.  This suggests that there is a statistically significant difference in the 
coefficients for Irish and foreign-owned firms.  
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APPENDIX 2  

Coefficient Estimates of Equation (1) Interaction Model 

 

 

Product Process Organizational 

 

Irish Foreign Irish Foreign Irish Foreign 

R&D Expenditure  
 

 
    

Intramural R&D 0.1639*** 0.0865*** 0.0474*** 0.0054 0.0415*** -0.0097 

 

(0.0390) (0.0225) (0.0169) (0.0091) (0.0155) (0.0087) 

Intramural R&D Squared -0.0016*** -0.0003*** -0.0007*** 0.0000 -0.0004*** 0.0000 

 

(0.0003) (0.0001) (0.0002) (0.0001) (0.0001) (0.0001) 

Acquisition of Capital for Innovation -0.0268* 0.0567*** 0.0615*** 0.0161*** 0.0875*** 0.0108** 

 

(0.0190) (0.0173) (0.0111) (0.0051) (0.0160) (0.0055) 

Acquisition of Capital for 

Innovation Squared 
0.0005** -0.0006*** -0.0001*** -0.0001*** -0.0013*** -0.0001* 

 

(0.0002) (0.0002) (0.0000) (0.0000) (0.0003) (0.0000) 

Extramural R&D 0.1352 0.0815 0.3387*** -0.0186 0.3495*** -0.0227 

 

(0.1550) (0.0503) (0.1211) (0.0244) (0.1178) (0.0247) 

Extramural R&D Squared -0.0056 -0.0005 -0.0074** 0.0001 -0.0080*** 0.0002 

 

(0.0042) (0.0003) (0.0036) (0.0002) (0.0031) (0.0002) 

Acquisition of External Knowledge -0.7734 0.7123* 0.0161 0.0015 0.0111 -0.0079 

 

(0.4216) (0.4128) (0.0784) (0.0254) (0.0922) (0.0379) 

Acquisition of External 

Knowledge Squared 
-0.0395 0.0414** -0.0003 0.0000 0.0000 0.0008 

 

(0.0212) (0.0211) (0.0018) (0.0001) (0.0024) (0.0007) 

Sector 
      

All Other Manufacturing -0.5684** -0.4172** -0.4230 -0.2998* -0.6291** -0.3026* 

 

(0.2982) (0.1795) (0.2883) (0.1678) (0.2797) (0.1676) 

Wholesale, Transport, Storage & 

Communication 
-1.1572* -0.0691 -0.2589 -0.5644*** -0.7326*** -0.0770 

 

(0.2775) (0.1842) (0.2749) (0.1750) (0.2603) (0.1719) 

Financial Intermediation -0.4802*** -0.6038*** -0.2002 -0.5025*** -0.5666* -0.0562 

 

(0.3504) (0.2051) (0.3326) (0.1906) (0.3154) (0.1869) 

Computer, Architecture & Engineering 

Services 
-0.9228 0.0326 -0.3240 -0.3757* -0.2650 -0.1154 

 

(0.3276) (0.2361) (0.3129) (0.2126) (0.3031) (0.2151) 

Business Specific Factors 
      

Employment 0.1363** 0.0876* 0.0547 0.1590*** 0.1020* 0.0856* 

 

(0.0624) (0.0503) (0.0600) (0.0481) (0.0586) (0.0469) 

Human Capital  -0.0271 0.2701*** -0.1486* 0.3079*** -0.1675** 0.3844*** 

  (0.0810) (0.0719) (0.0767) (0.0673) (0.0767) (0.0682) 

Constant 
 

-0.6269** 
 

-0.8372*** 
 

-0.4350* 

 
 

(0.2767) 
 

(0.2643) 
 

(0.2588) 

       

Obs. 

 

1974 

 

1974 

 

1974 

Chi2 

 

620.65 

 

382.65 

 

307.77 

Prob > Chi2 

 

0.0000 

 

0.0000 

 

0.0000 

Likelihood Ratio 

 

-997.50 

 

-1077.91 

 

-1202.55 

Pseudo R2 

 

0.2373 

 

0.1507 

 

0.1134 

Note  a: *** indicates significance at 99%, ** indicates significance at 95% and * indicates significance at 90%. 

b: Probit estimation techniques are utilised as the dependent variable is binary in nature. 

c: High technology is the sector reference category. 
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FIRST VOTE OF THANKS PROPOSED BY STEPHEN ROPER,  

ENTERPRISE RESEARCH CENTRE AND WARWICK BUSINESS SCHOOL 

 

Mr Chairman, ladies and gentlemen. I am grateful for the opportunity to respond to this paper and would like to 

thank the authors for a stimulating and thought provoking paper. This paper has, I feel, three main virtues. First, 

it tackles an important issue. As the paper indicates spending on R&D and innovation support in Ireland is very 

significant – with annual expenditure running into hundreds of millions of Euros – and the question of whether 

this is value for money is therefore significant. Secondly, the paper suggests the possibility of targeting public 

support for R&D and innovation to maximise societal returns. Specifically, the paper asks should we be 

supporting R&D and innovation in locally-owned firms or externally-owned companies. This too is an 

important question. Finally, and of equal importance, is that the paper seeks rigour in addressing these 

questions. Again, a laudable indeed vital aim if we are to provide a trustworthy evidence base for policy 

decisions. It is on this latter point which I aim to focus, and I will divide my comments into two groups. First, 

what we might call sins of omission - failures to do what one can – and secondly sins of commission – where we 

know something is wrong and do it anyway.  

So, what other things could have been done to strengthen the arguments in the paper – the sins of omission? The 

paper contains very little in terms of conceptualisation. Why, for example, might we expect the impact of 

different types of R&D activity on the probability of innovating to be different? And, would we expect the 

impact of externally sourced R&D results – licensed technology – to be stronger or weaker than that of 

internally sourced R&D? More could have been said on this drawing on the existing literature on internal and 

external R&D and innovation and developing some clear hypotheses for the paper. The analysis in the paper is 

also rather limited by the choice of dependent variable – the probability that a firm will make a product, process 

or organisational innovation. This does simplify the analysis somewhat but eliminates any ability to reflect the 

impact of different types of R&D on the quality or success of innovation. As the paper aims to reflect the 

‘returns’ to innovation this seems a somewhat strange choice. Finally, two minor methodological points which 

may be an issue of reporting rather than substance. The paper does not report correlation coefficients between 

the different explanatory variables relating to R&D. Without this it is difficult to judge the extent of any multi-

collinearity or potential identification issues. Similarly, the paper indicates that – particularly among externally-

owned firms – R&D activity is very unevenly distributed with a few firms having particularly large R&D spend. 

This suggests a potential outlier problem and it would have been good to see some discussion of this in the 

econometric results. 

Now, let me mention one aspect the current literature on innovation which is largely ignored in the paper. This 

relates to absorptive capacity, the idea that firms differ in terms of their ability to identify, access and assimilate 

knowledge from outside the firm. Standardly, one indicator of absorptive capacity is internal R&D. The 

argument runs that where firms have an in house R&D capability they will be more able to absorb external 

knowledge, i.e. their absorptive capacity will be greater. In empirical terms this implies that there will be a 

positive interaction between internal and external R&D – the innovation value of external R&D will be greater 

when a firm also has internal R&D. In the paper this is not considered and instead the different types of R&D 

are treated as entirely separate – and independent - inputs into the innovation process. This is important here as 

we know that locally-owned firms and externally-owned firms in Ireland differ significantly in terms of their 

internal R&D investments. So locally-owned firms, which typically have lower levels of internal R&D spend, 

are likely to have lower absorptive capacity which may alter the ‘returns’ to investing in external R&D. 

Exploring the interactions between the different types of R&D spending would have dealt with this issue and 

significantly strengthened the analysis.  

To conclude, this paper has significant virtues and addresses some important questions. Having highlighted a 

few ‘sins’ however, I think I need perhaps to offer a path to redemption or at least to a stronger paper. I think 

here the path to redemption goes via the CSO – probably the first time that has ever been suggested! In 

particular, I feel more robustness checking needs to be done (or reported) relating to outliers and multi-

collinearity. It would also be interesting too to see whether the conclusions hold for different dependent 

variables and where interactions of the R&D variables are considered. Both would strengthen the paper 

significantly and allow the authors to make a more substantive contribution to the policy dialog in this area.  
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SECOND VOTE OF THANKS PROPOSED BY MARTIN LYES,  

FORMERLY ENTERPRISE IRELAND 

 

I would like to thank the organisers for the opportunity to respond to the paper this evening and the authors who 

have opened up a number of very interesting issues with their paper. I would like to start with a few comments 

about changes in the policy environment relevant to the subject under discussion, and then move on to say a few 

words about the paper and some features of the way in which R&D is conducted in this country. 

 

My interest and involvement in STI policy began with the Operational Programme for Industry in 1988. It was 

the first time that real resources had been put into the area. At the time I had charted the amount spent on what 

was then referred to as Science and Technology activities as far back as I could. Alas, the chart went missing 

during one of the many mergers I experienced over the years, but we can assume that it was a pathetic figure. It 

was only that first Operational Programme that demonstrated a conviction inside some parts of the public 

service and the European Commission that S&T was the way forward.  

 

Even at that time there was a recognition that Ireland needed to develop an indigenous industry base to 

complement the foreign multinational presence and that the challenge facing the Irish companies would be their 

rapid entry into export markets if they were to be in a position to expand and provide employment because the 

domestic economy was not big enough to sustain their growth. The situation is not any different today. Also at 

that time there was an uneasy feeling that all the foreign companies could disappear if lower cost economies 

started to get energetically into the FDI game and the implications of the inevitable movement towards a more 

integrated Europe was also recognised. While we have seen an evolution in the type of foreign direct 

investment, this sector remains a critical part of the economy and will be into the future. 

 

The logic was that we needed a strong foreign company base with key functions in Ireland, as embedded as 

possible, driving good quality employment with a varied and competitive indigenous base of companies capable 

of growing in export markets. To get to this point required all these companies to be capable of developing 

goods and services which could compete internationally, and the ability to manage those companies to respond 

quickly and effectively to market changes.  

 

Despite the transfer of significant funds from the EU, Ireland chose not build the S&T infrastructure which is 

common elsewhere, e.g. research institutes such as we see in the Nordic countries, the Fraunhofer Institutes in 

Germany and many others. These are dedicated to industry needs and while quite heavily subsidised by the 

State, are still seen as primarily industry based supports. This was partly due to the state of the national finances 

and the unacceptability of establishing new State organisations with the concomitant increase in public service 

numbers, but also a sense that one of Ireland’s big competitive advantages was its education system and the 

young skilled people who emerged from it. The size of the indigenous industry base also provided its own 

problems as one could not justify significant funds for sectors where there is not a critical mass of companies to 

exploit the results of that investment. However, funding for technology development could be channeled 

through the Third Level sector, equipment bought, people employed and the whole endeavour could be scaled if 

resources allowed and reduced if it did not. It allowed flexibility and built on the natural creativity of the 

academic environment. The main challenge was the need to create mechanisms and structures which allowed 

the knowledge being produced to be transferred out of the college into industry and a variety of programmes 

have been established to encourage this transfer process. 

 

Over the intervening years STI policy has become more nuanced and more reflective of the changes in the 

external environment. The introduction of the term “innovation” itself has signaled recognition of the 

application of science and technology investment. STI policy has become centre stage; to the point where people 

like me worry whether the expectations particularly of the role which the Third Level sector can actually play 

are realistic. While still being saddled with a public image of privilege, the sector has undergone very significant 

organisational change in the last decade, more students, declining staff numbers and resources and an increasing 

pressure to demonstrate economic relevance. I almost feel sorry for them. 

 

So if we look at current STI policy we can see the following: 

 

For foreign companies: 

State supports are now directed at high technology sectors where we are successful in attracting employment for 

well skilled individuals. Mobile R&D has been a particular target and the building of critical mass in academic 

research excellence through Science Foundation Ireland has been an enormously important feature of this drive. 

This is, of course, a constantly changing target and it will be interesting to see whether the recent Research 
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Prioritisation Exercise will be helpful in sustaining this effort. Collaboration in research remains a central part in 

the State tool kit for attracting investment and I shall speak about the global nature of this challenge later. 

 

For indigenous industry: 

The focus remains on building competitiveness within the company and the promotion and support of R&D. 

The export imperative remains central. The difference between the current situation and that which pertained in 

the late eighties is that we now have a good number of Irish companies that are successful in export markets, a 

community of serial entrepreneurs who have done it and are returning to do it again, a strong flow of good 

quality new enterprises and the development of high quality companies in emerging sectors. The introduction of 

an industry led approach to developing research agendas allowed Enterprise Ireland to bring its clients much 

more directly into the collaboration space. The development phase of this programme was the first time I had 

seen groups of companies discussing common technology threats and opportunities and then seeking to agree a 

joint approach to research. The willingness of companies to discuss their technology needs within a consortium 

points to a maturity in vision which is very distant from the more parochial attitude of the late 1980s. 

 

In the colleges: 

Reasonable scale has been developed in a variety of domains which are relevant to all industry here and to IDA 

target companies overseas. Coming back to the eighties, I can recall a colleague surveying the level of research 

expertise in a range of areas and while there were nascent groups, he gloomily pointed out that a decent dose of 

flu would clear most of them out. This was a comment on the age profile of the research community at the time 

as well as the poor quality of heating systems in the colleges. The investment over the last 12 years in research 

infrastructure through SFI has created a remarkable change in the quality and professionalism of the research 

endeavour. For its part, Enterprise Ireland’s support for technology transfer from college research has led to a 

situation where they now routinely produce 12-15 high potential startups and about 100-120 licences a year, 

over 80% of which go to companies in Ireland. 

 

Across the STI system: 

There is a greater level of resourcing and political acceptance of the importance of STI in economic 

development. I mentioned a concern about expectations earlier, although I think the implementation of the 

Research Prioritisation Exercise which is looking at metrics will help to produce a much clearer view across the 

system. There is also a much greater level of interagency collaboration. EI and IDA run the Technology Centres 

Programme together, there are joint commercialisation activities between SFI and EI, SFI and the Health 

Research Board have joint programmes and the list goes on. Finally, there is an acceptance among policy 

makers of the idea of an innovation system, which needs to be considered holistically and supported across its 

different elements. These are features of a much more mature policy making environment. 

 

The Paper 

Turning to the paper there seem to me to be a number of conclusions which link to policy considerations. I 

would make two general comments. For me, the result of any investigation of the 2004-2006 period of CIS data 

is only interesting as part of a longer series. I accept that any researcher has to work with the data which is 

available, but this data remains distant from today and given the changes that have taken place in the economy 

in the last six years, one wonders how helpful it is in designing STI policies for the next six years.  

 

The second point is how relevant it is to compare foreign owned and indigenous companies in the first place. At 

one extreme a foreign owned company can be simply manufacturing or service site, unencumbered with a 

marketing, sales or R&D overhead. To compare this situation with that of an Irish company, which has a full 

complement of functions seems unbalanced. I think this is seen in the paper where the results for Irish owned 

business where investment in intramural R&D is clearly beneficial to product process and organisational 

innovation. If a company carries out R&D within its own control it gets value out of that investment. Extramural 

R&D and the acquisition of capital are less marked in terms of impact and this may be due in part to the way in 

which many SMEs manage the R&D process. SMEs conduct R&D with a clear purpose of getting a new 

product or service into the market within a relatively short time scale, so expenditure often involves a 18-24 

month cycle of R&D through to pre-production. The point at which R&D strictly ends and exploitation 

commences is a matter for individual circumstances but this cyclical effect points to the company seeing R&D 

as a means to an end, not an objective in itself, i.e. let’s spend €250K a year on R&D, and now we need to 

decide how to spend it.  

 

When research collaboration works it can provide a company with cost effective access to a significant 

technological advance as well as creating a continuing relationship with an external research group as an 

effective enhancement of internal capability. Barriers will always exist to collaboration between the Third Level 
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sector and SMEs due to culture, time scales etc. there is also the danger of expecting that the benefits of 

collaboration can be measured in terms of hard outputs sch as licences, joint publications, transfer of staff etc. 

These are important metrics but the establishment of the Technology Centres Programme over the last few years 

showed me the impact of much more diffuse interaction such as  

 

 The learning by company staff of how to manage external collaboration 

 The introduction of a greater level of creativity and challenge into an R&D group by the involvement 

of academic researchers 

 The soft transfer of knowledge of technology trends at the research end of the spectrum 

 The learning across companies in a consortium in terms of reasonable expectations of research groups 

 

The results for foreign owned companies point to benefit in terms of intramural R&D, with other factors not 

bringing significant benefits. A number of factors might be at play here and I return to the issue of whether it is 

reasonable to make the comparison with SMEs. 

 

Typically much of the R&D investment for a foreign owned company is done at corporate level even where a 

subsidiary has an R&D mandate, although new products may be developed to market specification locally. This 

transfer, both of knowledge and resources is within the corporation and this issue is not captured separately by 

CIS when it considers extramural expenditure, although some data is available through the BERD survey which 

suggests quite significant transfers take place through this route. It may also explain the importance of patents, 

licences etc., as functions of the transfer process.  

 

The other feature to bear in mind, particularly for big R&D spenders, is the shift to open innovation, where 

sources of relevant knowledge and expertise are accessed wherever they exist. This is a key aspect of the State 

investment to develop scale and reputation in research groups in areas which can be helpful in attracting mobile 

R&D. So we see foreign owned companies operating in a global sense with interest shifting from place to place 

as centres of expertise open or develop. Knowledge is passed from corporate to subsidiary, collaborations occur 

with a variety of researchers and at some point something gets exploited which leads to innovation or a benefit. 

The increase in investment in R&D by foreign companies here, with the significant support of IDA shows that 

they see Ireland as being a good environment for this investment and one which can make a real contribution to 

the company. 

 

The policy implications for State support for Irish companies suggest a continuation of existing R&D support 

activities because the companies gain benefit, develop new products and processes and achieve organisational 

change. All these factors map directly on to the challenges they face in attaining and growing sales in export 

markets. As for foreign firms it might suggest that continued support for R&D is not justified as they appear not 

to benefit except where it is intramural and relating to new products. I think this would be a short-sighted view 

given the features I have discussed. The results of R&D conducted in Ireland may not be exploited here, rather 

absorbed into corporate R&D, but that process has potential benefits in terms of the capability to manage R&D 

and to participate in the process within the corporation. It also develops that most subtle of metrics, the 

reputation at corporate level of the capability of the subsidiary and access to expertise elsewhere in the world.  

 

The question which remains focuses on the return to the State from supporting R&D in companies. I look 

forward to future work by the group and wish them well in their endeavours. 

 

DISCUSSION 

Iulia Siedschlag: The authors state that the objective of this paper is to assess the effectiveness of Irish 

innovation policy. While this is a relevant and important question, in my view, the evidence this paper brings is 

rather limited to answer this question. I have a number of comments and suggestions which could help the 

authors to improve the quality of their analysis.    

 

In my view, from an evaluation policy perspective, the relevant evidence needed is about social returns to R&D 

investment.  The authors acknowledge that they focus on private returns to R&D spending. However, as far as I 

can see, this paper estimates the links between different innovation expenditure categories, including R&D 

expenditure, and the probability to introduce product, process and organisational innovation by Irish-owned and 

foreign-owned enterprises in Ireland over the period 2004-2006. A large theoretical and empirical literature has 

established that innovation is a major driver of productivity growth. Enterprises innovate in order to increase 

productivity. In my view, measuring returns to R&D investment at enterprise level would require estimating the 
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links between innovation investment, innovation outputs and productivity. Furthermore, if the objective of the 

analysis is to assess the effectiveness of innovation policy in Ireland, it would be necessary to distinguish the 

extent to which enterprises received public R&D grants. These data are available from Forfás.    

 

A proper conceptual framework would help to formulate more rigorous model specifications and thus avoid 

omitted variables bias. For example, a well-established theoretical and empirical fact is that the economic 

performance of firms which export is different from that of firms serving only the domestic market. Innovation 

is a complex and dynamic process. By linking the innovation expenditure in 2006 to innovation outputs over the 

period 2004-2006 there is very little one can say about returns to R&D expenditure and the effectiveness of 

innovation policy. However, data from two additional CIS waves is available and can be used to capture 

dynamic effects in the relationships between innovation investment, innovation outputs, and productivity.   

 

The analysis in this paper is based on a cross-sectional data and it captures at best partial correlations and not 

causal links. This fact implies that the authors should be more cautious when drawing policy implications on the 

basis of this analysis.  In my view, the main result of this analysis is that the innovation behaviour of Irish-

owned and foreign-owned enterprises is different.  This is a well-documented fact by a large theoretical and 

empirical literature which has been acknowledged by the Irish policy makers a long time ago.   

 

Ian Hughes: To follow on from a comment made earlier by Stephen Roper, I would just like to clarify what it is 

that is being measured in the paper. As Stephen said, it is not returns to R&D in the sense of measuring financial 

returns. It appears to be more of a probability of engaging in innovation, rather than returns to R&D in the 

accepted meaning of that term. Could you clarify this please? 

 

Authors’ Response: We would like to thank Stephen, Julia and Martin for their comments. First, we would 

welcome Stephen’s comment that the question we ask is important, especially for policymakers.  Regarding our 

‘sins of omission’ we did not devote more attention to the formulation of hypotheses because our focus is 

primarily on a policy audience. The relative importance of internal versus external R&D is discussed in our 

policy conclusions. In terms of the return to R&D spending we have measured this as the effect of R&D 

spending on the likelihood of innovation. While this is not a financial measure it does capture the effectiveness 

of R&D spending. We chose not to use the turnover from product innovation as this would have meant we could 

not look at both process and organizational innovation and it would have restricted us only to product 

innovators, thereby reducing our sample size by approximately 50%. This reduction of degrees of freedom 

would have limited our paper, especially in terms of separating out Irish from foreign-owned businesses. 

Finally, we did conduct robustness checks for both outliers and multi-collinearity as is standard practice.  

Regarding our so-called ‘sins of commission’ we chose not to interact the different kinds of R&D spending as 

our purpose here is to drill into whether the return to each kind of R&D spending is (i) positive overall and (ii) 

diminishing at the margin. We already have plans underway to look at the interaction between intramural R&D 

spending and collaboration with external agents in our future work.   

 

We agree with Iulia that both social returns and the effect of R&D on productivity are important. These avenues 

could be explored in future research. We would suggest that Iulia is perhaps understating the importance of our 

findings. We have not only shown that the innovation behaviour of Irish and foreign-owned businesses are 

different, we have also shown how they are different.     

 

Martin questions the relevance of comparing Irish and foreign-owned businesses. Our key point is to show that 

they innovate in very different ways. This stems from these being very different kinds of businesses, a point 

with which Martin clearly agrees. We think therefore that it is not only relevant but important to consider them 

separately. This is a significant contribution of this paper, as heretofore both Irish and foreign-owned businesses 

have been lumped together in this kind of work.  

 

Finally, we would like to thank the society for the opportunity to present our work.  

 


