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ABSTRACT KEYWORDS

Financial, knowledge and market obstacles can restrict firm-level Non-financial obstacles;
research and innovation (R&l). Public financial support for R&l can  financial obstacles; research
clearly help firms that face financial obstacles to invest in R&.  2and innovation; capability

building; public financial

Building on the literature concerning the learning effects of public support for R&

financial support for R&I, and using a novel combination of admin-
istrative and innovation-survey data, we demonstrate for the first JEL CLASSIFICATION
time, that such public financial support also results in more R&l in D32; D83; 031; 032; 033
firms that face knowledge and market obstacles. Despite this, how-

ever, public financial support for R&l does not reduce the impor-

tance that firms attach to their financial and knowledge obstacles.

Moreover, it increases the importance that firms attach to their

market obstacles. This suggests that while effective at helping

firms to increase their R&I activities, addressing firms’ financial and

non-financial obstacles may require additional policy interventions,

alongside public financial support for R&I. Our study offers novel

insights for theory and policy.

1. Introduction

Firms typically face financial and non-financial obstacles which can hinder their research
and innovation (R&I) activities (Pellegrino and Savona 2017; Zahler, Goya, and Caamano
2022). Public financial support for R&I is a key innovation policy intervention to
encourage R&I activities in firms that face financial obstacles associated with limited
internal funding, and/or limited access to finance for R&I (Busom, Corchuelo, and
Martinez-Ros 2014; Chiappini et al. 2022). However, firms can also face non-financial
obstacles related to a lack of knowledge and resources, and/or a lack of demand for
innovation (D’Este, Rentocchini, and Vega-Jurado 2014; Stucki 2019). While important
for firms’ R&I activities, our understanding of how to help firms with such non-financial
obstacles remains limited (de Faria, Noseleit, and Los 2020; Moraes Silva, Lucas, and
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Vonortas 2020; Pellegrino and Savona 2017; Stucki 2019). A key reason for this is that, as
Szambelan et al. (2020, 425) highlight, ‘while the types of innovation barrier[s] have
already been identified, we know relatively little about how firms can overcome these
barriers’. Pellegrino and Savona (2017) and Stucki (2019) also note that numerous studies
continue to focus on financial obstacles. Therefore, ‘it is more important for policy to
extend analysis to non-financial obstacles” (Pellegrino and Savona 2017, 511). Addressing
this imbalance is crucial for driving more R&I in firms (Arza and Lopez 2021; Moraes
Silva, Lucas, and Vonortas 2020; Zahler, Goya, and Caamaio 2022).

In this paper, we investigate whether public financial support for R&I can help firms to
address their financial and non-financial obstacles to R&I. We achieve this by focusing
on two key inter-related issues: (1) The extent to which public financial support for R&I
enables firms that face financial and non-financial obstacles to engage more in R&I
activities; and, (2) Whether public financial support for R&I reduces the importance that
firms attach to such obstacles. As several studies demonstrate, public financial support
for R&I can lead to firms intensifying their internal and external knowledge search
activities, and result in superior innovation performance (Clarysse, Wright, and
Mustar 2009; Lee 2011, Afcha and Lucena 2022). This, in turn, can help firms to address
non-financial obstacles associated with a lack of knowledge resources (Antonioli,
Marzucchi, and Savona 2017; Arza and Lopez 2021; D’Este, Rentocchini, and Vega-
Jurado 2014; Moraes Silva, Lucas, and Vonortas 2020; Stucki 2019). By improving their
innovative performance, firms can also potentially address market obstacles related to
competition or consumer responses (Szambelan, Jiang, and Mauer 2020; Zahler, Goya,
and Caamario 2022). However, to the best of our knowledge, ours is the first paper to
specifically investigate the extent to which public financial support for R&I impacts firms’
financial and non-financial obstacles to R&L."' We do this by addressing the following
research questions: Does public financial support for R&I enable firms facing financial,
knowledge, and market obstacles to engage more in R&I? Does public financial support
for R&I reduce the importance that firms attach to such obstacles?

Our paper makes three novel contributions which intersect the literature regarding the
firm-level impacts of public financial support for R&I, and the literature on firms’
obstacles to R&I. Our first contribution is to empirically analyse whether public financial
support for R&I enables firms that face financial and non-financial obstacles, to engage
more in R&I activities. Previous studies in this vein posit that encouraging R&I in firms
facing non-financial obstacles requires ‘selective, deliberate and systematic intervention
to address systemic failure’ (Antonioli, Marzucchi, and Savona 2017, 861). Policy
recommendations arising from earlier studies, therefore, focus primarily on improving
the system in which firms operate, by: (1) Enhancing the quality of human capital
available to firms (D’Este, Rentocchini, and Vega-Jurado 2014; Pellegrino 2018); and,
(2) Encouraging collaboration between firms and universities and research centres
(Antonioli, Marzucchi, and Savona 2017; Mulligan et al. 2022). As Szambelan et al.
(2020) and Moraes Silva et al. (2020) note, however, a sole focus on improving the
systems in which firms operate is insufficient. In their view, helping firms that face such
non-financial obstacles requires targeted interventions which enable firms to develop

"Falk (2007) is a notable exception, although his study only descriptively analyses how firms' obstacles affect the
behavioural additionality of the effects of public financial support.
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knowledge and demand for R&I. Our study advances the understanding of whether
public financial support for R&I can act as a key policy intervention to achieve these goals
(Afcha and Lucena 2022; Lee 2011). Our focus is also potentially very insightful for
policymakers, who may usefully consider using public financial support for R&I to
simultaneously boost R&D investments, while also stimulating knowledge and market
capabilities in firms.

Our second contribution is to investigate if public financial support for R&I reduces
the importance that firms attach to the financial and non-financial obstacles influencing
their R&I decisions. As noted above, public financial support for R&I can enable firms to
build capacity and resources, which can help firms to address their financial and non-
financial obstacles. However, previous studies demonstrate that public financial support
for R&I can increase the likelihood of firms experiencing financial and non-financial
obstacles, which can deter future R&I activities (D’Este, Rentocchini, and Vega-Jurado
2014; Pellegrino 2018; Silva and Carreira 2012). According to D’Este et al. (2014) and
Pellegrino (2018), this relates to firms being more likely to face obstacles as they intensify
their innovative efforts. We shed new light on this issue, by focusing on how public
financial support for R&I impacts the importance that firms attach to their financial and
non-financial obstacles. This is important for theory and for policy, given that we provide
novel insights regarding whether public financial support for R&I can reduce the
importance that financial and non-financial obstacles have on firms’ R&I decisions.

Finally, our third contribution is that we distinguish between three key public finan-
cial instruments for supporting firm-level R&I. These are: (1) R&D grants; (2) R&D tax
credits; and, (3) Funding for academic-industry collaborations. Our focus on these three
types of public financial support instruments is vital. While these public financial support
instruments to support firm-level R&I share similar goals, their delivery mechanisms are
substantially different (Garcia-Quevedo, Martinez-Ros, and Tchorzewska 2022; Lenihan
et al. 2024). This, in turn, can determine the extent to which firms seek to obtain such
public financial support instruments (Busom, Corchuelo, and Martinez-Ros 2014;
Huergo and Moreno 2017; Vanino, Roper, and Becker 2019). Moreover, it can affect
the types of R&I activities that firms perform when they obtain different types of public
financial support instruments (Jugend et al. 2020; Lee 2011; Lenihan et al. 2023).> The
insights emanating from this analysis are potentially very informative for policymakers,
regarding the specific public financial support instruments to encourage firm-level R&I
that are most effective for addressing firms’ financial and non-financial obstacles to R&L.

Our analysis uses questions regarding obstacles to R&I from the Innovation in Irish
Enterprises Survey (IIE, formerly known as the Community Innovation Survey [CIS]).?
We specifically focus on the 2010 and 2016 IIE survey waves, that include questions on
obstacles to R&I. We merge this survey data with administrative data on public financial
support for R&I available to firms in Ireland, covering the intervening period from 2011 to

2As Section 2.3 outlines in detail, firms claim R&D tax credits to reduce the cost of qualifying R&D expenditures. In contrast
to this, firms are awarded R&D grants following a competitive process. Finally, funding for academic-industry
collaborations is also competitive in nature. However, firms do not receive any direct financial incentives. This funding
is allocated to academics in Higher Education Institutions (HEIs) and Research Centres to engage in collaborative R&D
activities with firms, and firms need to contribute a percentage of the overall project costs (typically between 20 to
30 percent).

3The 2012 and 2014 waves of the Innovation in Irish Enterprises Survey did not include questions on firms’ obstacles to
R&l. They are, therefore, not included in this analysis (See Section 3 and Appendix A).
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2015. Our data capture the full spectrum of public financial support for R&I from Ireland’s
three main funding agencies (Enterprise Ireland, IDA Ireland, and Science Foundation
Ireland). The data also capture R&D tax credits, from the Irish Revenue Commissioners.
Our sample comprises 1,296 firms, including a total of 223 firms that received public financial
support for R&I in the period from 2011 to 2015. Of these, 186 firms encountered obstacles
affecting their R&I activities in 2010. For the analysis, we employ a propensity score matching
methodology which considers issues of endogeneity affecting the probability of obtaining
public financial support for R&I, and the probability of firms facing financial and non-
financial obstacles to R&I.

The remainder of this paper is organised as follows. Section 2 reviews the relevant
literature and formulates the hypotheses. Section 3 describes the data and the empirical
approach. Section 4 presents the empirical findings. Section 5 discusses the findings in
the context of the literature and concludes with implications for R&D and innovation
policy interventions.

2. Conceptual framework and hypotheses

Our paper investigates whether public financial support for research and innovation (R&I)
enables firms to address their financial and non-financial obstacles to R&I. We achieve this
by considering two critical issues: (1) Whether public financial support for R&I enables
firms that face financial and non-financial obstacles to engage more in R&I activities; and,
(2) If public financial support for R&I reduces the importance that firms attach to such
obstacles. Financial obstacles relate to firms having low levels of internal financial
resources, the high cost of R&I activities, and firms having limited access to external
finance (Hall et al. 2016; Savignac 2008). The most critical non-financial obstacles pertain
to knowledge and market dynamics (Arza and Lopez 2021; D’Este et al. 2012; Galia and
Legros 2004; Mohnen et al. 2008; Pellegrino 2018; Zahler, Goya, and Caamaiio 2022).*
Knowledge obstacles relate to firms having low and/or inadequate levels of human capital
resources (D’Este, Rentocchini, and Vega-Jurado 2014), limited access to information on
technologies and markets (Pellegrino 2018), and facing difficulties in finding partners for
R&I (Antonioli, Marzucchi, and Savona 2017). Market obstacles primarily relate to uncer-
tain demand for innovation (Zahler, Goya, and Caamaiio 2022).

Most of the evidence regarding the impact of firms’ obstacles to R&I pertains to financial
obstacles (see, for example, amongst many others, Hall et al. 2016; Lahr and Mina 2021;
Montresor and Vezzani 2016; Perez-Alaniz et al. 2023; Savignac 2008; Silva and Carreira
2012). Only a small number of studies consider non-financial obstacles, but the literature on
this topic is growing in significance (see Antonioli, Marzucchi, and Savona 2017; Arza and
Lépez 2021; Pellegrino 2018; Pellegrino and Savona 2017; Szambelan, Jiang, and Mauer 2020;
Zahler, Goya, and Caamaiio 2022). The available evidence suggests that both financial and
non-financial obstacles reduce firms’ likelihood of engaging in R&I activities, and increase
their likelihood to delay and/or discontinue existing R&I (Arza and Lopez 2021; Blanchard
et al. 2013; Galia and Legros 2004; Radicic 2021; Zahler, Goya, and Caamaiio 2022).

“D’Este et al. (2012) also outline the importance of regulation obstacles. However, as outlined by Mohnen et al. (2008),
addressing these obstacles may entail shaping the regulatory environment, which extends beyond the scope of the
current study.
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Public financial support for R&I focuses on addressing market and systemic failures,
such as asymmetric information and disincentives, that hinder firms’ abilities to finance
and benefit from R&I activities (Haapanen, Lenihan, and Mariani 2014). Academics and
policymakers also increasingly recognise that, by encouraging firm-level R&I, public
financial support for R&I can also result in organisational learning effects in firms (Afcha
and Lucena 2022, Chapman and Hewitt-Dundas 2018, Clarysse, Wright, and Mustar
2009; Wanzenbock, Scherngell, and Fischer 2013). Therefore, firms facing knowledge
and market obstacles may seek such public financial support to engage in R&I activities,
in view of developing additional R&I and market knowledge. This, in turn, can affect the
importance that firms attach to their obstacles. To the best of our knowledge, however,
ours is the first paper to specifically analyse whether this is indeed the case. This section
identifies some critical mechanisms through which public financial support for R&I can
affect firms’ financial and non-financial obstacles. This is followed by the formulation of
the hypotheses driving the empirical analyses. Finally, we discuss potential differences in
the expected effects of different types of public financial support instruments to support
firm-level R&I, on firms’ obstacles to R&I.

2.1. Public financial support and the R&I activities of firms facing financial and
non-financial obstacles

Public financial support for R&I is a key policy instrument used by policymakers in many
countries to help firms facing financial obstacles to invest in R&I. This can take place
through three main mechanisms. The first mechanism is by providing firms with
liquidity for R&I (Becker 2015). The second mechanism is by alleviating information
asymmetries in capital markets hindering firms’ abilities to access external finance for
R&I (Hall et al. 2016). Information asymmetries occur when firms do not disclose
information on innovative projects (to protect proprietary knowledge), and lenders,
therefore, cannot assess the viability and value of these projects (Akerlof 1970; Carboni
2017; Mina et al. 2021). As a result, lenders may refrain from lending for R&I activities
and/or require higher risk premiums (Hall et al. 2016). Public financial support for R&I
can signal promising R&I projects, and reduce information asymmetries (Feldman and
Kelley 2006; Kleer 2010). This can improve firms’ access to external finance for R&I
projects (Carboni 2017; Hottenrott, Lins, and Lutz 2018). The third mechanism consists
of firms using some liquidity from public financial support for R&I to acquire physical
capital, which can serve as collateral when seeking external finance (Colombo, Croce, and
Guerini 2013).

A key novelty of this paper, is that we focus on whether public financial support for
R&I can also enable firms that face non-financial obstacles (related to knowledge and
market dynamics) to engage more in R&I. This is important because knowledge obstacles
relate to firm-level knowledge and capabilities which, as Dosi et al. (2021) note, are the
result of firms’ routines, are slowly accumulated, and exhibit a high degree of persistence
in terms of their strengths and weaknesses. Importantly, firms develop knowledge by
increasing their internal and external knowledge sourcing activities (Roper, Du, and Love
2008; Uhlaner et al. 2013). As noted by Moraes Silva et al. (2020), in turn, market
obstacles arise from conditions that are external to firms (i.e. the market). However, as
demonstrated by Szambelan et al. (2020) and Zahler et al. (2022), R&I can enable firms to
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develop capabilities and resources to address such obstacles, especially if firms engage in
developing innovations with high levels of novelty. Public financial support for R&I can
thus encourage firms facing knowledge and market obstacles to engage in R&I, as
a means to build R&I capabilities and resources. This can take place via at least two
key inter-related mechanisms, as detailed in the discussion that follows.

The first mechanism comprises firms using public financial support for R&I to
accelerate organisation learning, by increasing their internal and external knowledge
search activities (Clarysse, Wright, and Mustar 2009). As noted above, public financial
support for R&I can enable firms to increase their internal R&I expenditure. In turn,
firms may engage in generating new knowledge, and in identifying novel combinations of
new and old knowledge for innovation (Kim 1998; Radas et al. 2015). As a result, public
financial support for R&I can encourage learning-by-doing (Levinthal and March 1993;
Teece 2007), and increase firm-level absorptive capacity (Cohen and Levinthal 1990).
Such learning effects can be especially large if firms use public financial support for R&I
to increase the breadth of their R&I activities, as this can unravel complementarities and
learning effects across firms” R&I portfolios (Leiponen 2012; Klingebiel and Rammer
2014). Moreover, public financial support for R&I can prompt firms to engage with
external sources of knowledge, by encouraging firms to carry out collaborative R&I, and/
or increasing the breadth of collaborators with which firms engage (Hottenrott and
Lopes-Bento 2014; Okamuro and Nishimura 2015; Kim et al. 2021). This can accelerate
inter-organisational learning, which results from spillovers that arise when collaborating
with external partners (Clarysse, Wright, and Mustar 2009). Engaging in new collabora-
tive R&I efforts can also compensate for firms’ lack of internal knowledge resources
(Antonioli, Marzucchi, and Savona 2017; de Faria, Noseleit, and Los 2020; Moraes Silva,
Lucas, and Vonortas 2020). Based on this, therefore, firms that face knowledge obstacles
may use public financial support for R&I as a key mechanism to build capacity and
resources for R&I.

The second mechanism arises where firms that face market obstacles use public
financial support for R&I as a means to produce more novel forms of innovation, to
enter new markets, and generate new demand. Public financial support for R&I lowers
the risk-reward ratio of R&I activities, and can increase firms’ tolerance for riskier
innovative projects (Becker 2015). Therefore, public financial support for R&I can
encourage firms to engage in riskier R&I activities, and to innovate outside of their
existing knowledge base (Beck, Lopes-Bento, and Schenker-Wicki 2016; Chiappini et al.
2022; Perez-Alaniz et al. 2024). Because of this, firms can engage in projects previously
deemed ‘too expensive’ and/or ‘too risky’ (Colombo, Croce, and Guerini 2013; Takalo,
Tanayama, and Toivanen 2012). Consequently, firms can enhance their ability to develop
more novel types of innovative processes, products, and services, target new markets,
and/or generate new demand (Lee 2011; Leten, Kelchtermans, and Belderbos 2022). This
is because novel forms of innovation, such as products and services that are new to the
market (i.e. radical innovations), have the potential to disrupt existing markets and shape
new ones (Grashof and Kopka 2022; Yang, Chou, and Chiu 2014). Therefore, firms that
face market obstacles may seek public financial support for R&I to innovate more, and
produce more novel types of innovations.

*Where absorptive capacity is defined as a firm's ability to incorporate and benefit from external knowledge.
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It is important to note that the above mechanisms are likely to be highly inter-
dependent. For example, improvement in firms’ abilities to generate knowledge can
translate into firms generating additional sales from innovation (Hewitt-Dundas,
Gkypali, and Roper 2019). This, in turn, can result in firms having higher levels of
internal financial resources for R&I (Perez-Alaniz et al. 2023). In addition, as several
studies note, firms that have high levels of specialised knowledge for R&I can circumvent
financial obstacles, by using existing resources in new ways (Baker and Nelson 2005;
D’Este, Rentocchini, and Vega-Jurado 2014; Hoegl, Gibbert, and Mazursky 2008). In this
context, public financial support for R&I can not only enable firms to invest more in R&I,
but also help firms facing non-financial obstacles to engage more in R&I activities. Based
on this, our first hypothesis is as follows:

H1: Public financial support for R&I enables firms that experience financial, knowledge
and market obstacles to engage more in R&I.

2.2. Public financial support and the importance that firms attach to their
financial and non-financial obstacles

We now focus on how public financial support for R&I affects the importance that firms
attach to their financial and non-financial obstacles. This is important because there are two
contrasting views in this regard. In line with our discussion in Section 2.1, the first view
suggests that public financial support for R&I will reduce the importance that firms attach to
their financial and non-financial obstacles. This is because, as discussed earlier, public
financial support for R&I can help firms that face financial and non-financial obstacles to
engage more in R&I. This, in turn, can enable such firms to develop additional knowledge for
R&I, and generate new revenue from innovation. As a result, firms become more able to cope
with the obstacles that they face. As Amore (2015) shows, for example, firms that can address
financial obstacles and innovate during a recession, can build on such past experiences when
facing financial difficulties during new recessions. Firms that face new knowledge obstacles
may also ‘share the pain’, by engaging in collaborations with other firms and/or universities
(Antonioli, Marzucchi, and Savona 2017, 343). Finally, firms that increase their market share
through innovation, as a result of public financial support for R&I, will be more likely to
regard innovation as a key avenue to overcome market obstacles (Szambelan, Jiang, and
Mauer 2020; Zahler, Goya, and Caamaiio 2022). Based on this, public financial support for
R&I can potentially reduce the importance that firms attach to their financial, knowledge and
market obstacles. Therefore, our next hypothesis is as follows:

H2a: Public financial support for R&I reduces the importance that firms attach to their
financial, knowledge and market obstacles.

In contrast to the above, the second view relates to previous studies on this topic
highlighting that, as firms become more innovative, they are typically more likely to
face financial and non-financial obstacles (D’Este et al. 2012; Hottenrott and Peters 2012,
Coad et al. 2016; Zahler, Goya, and Caamaiio 2022). Such firms are also more likely to
report financial and non-financial obstacles as highly important factors for their R&I
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activities (D’Este et al. 2012; Galia and Legros 2004; Pellegrino 2018). Moreover, and
importantly, firms’ financial and non-financial obstacles can persist over time, even if
firms improve their levels of resources and capabilities for R&I. D’Este et al. (2014), for
example, show that firms in Spain continue to attach high levels of importance to their
knowledge obstacles, despite improving their human capital resources (as measured by
the proportion of employees with a third level education). Hewitt-Dundas (2006) reports
similar findings, in the context of manufacturing plants in Ireland. More specifically, the
study reports that firms continue to attach a high level of importance to their financial
and non-financial obstacles, despite showing clear evidence of ‘capability building’, in the
sense of increasing their R&D expenditure, and their innovation outputs. Based on this,
public financial support for R&I may not reduce the importance that firms attach to their
obstacles. In fact, by enabling firms to engage more in R&I, public financial support for
R&I may even result in firms increasing the importance that they attach to their financial
and non-financial obstacles. Therefore, our hypothesis is as follows:

H2b: Public financial support increases the importance that firms attach to their
financial, knowledge and market obstacles.

2.3. The impact of different types of public financial support instruments on firms’
financial and non-financial obstacles

Sections 2.1 and 2.2 conceptualise public financial support for R&I as one overarching policy
instrument. In reality, there are three main types of financial instruments to support firm-level
R&I, as observed in Organisation for Economic Co-operation and Development (OECD) and
European Union (EU) countries (Busom, Corchuelo, and Martinez-Ros 2014; Lenihan,
Mulligan, and O’Driscoll 2020; Vanino, Roper, and Becker 2019). These are: (1) R&D grants;
(2) R&D tax credits; and (3) Funding for academic-industry collaborations.

R&D tax credits focus on reducing the cost of firms’ R&I activities, as firms can claim
a percentage of their eligible R&I expenditure as tax credits (Chang 2018; Lenihan et al. 2024).
Moreover, R&D tax credits are not competitive, meaning that all R&D performing firms can
claim them (Lenihan et al. 2024). Labeaga et al. (2021) demonstrate that once firms claim
R&D tax credits for the first time, they are likely to continue claiming R&D tax credits on
a recurring basis. In their view, the predictable nature of R&D tax credits can encourage firms
to increase their R&I spending, safe in the knowledge that they will be subsidised. As a result,
firms may engage in R&I activities with high levels of sunk costs, such as hiring new talent
(Lenihan et al. 2023; Petrin and Radicic 2023). However, Busom et al. (2014) note that some
firms, especially smaller-sized firms, may face difficulties in claiming R&D tax credits due to
the application process representing a heavy administrative burden. Furthermore, R&D
spending needs to occur before firms can claim R&D tax credits. This means that R&D tax
credits can be less attractive for resource constrained firms, and firms that do not carry out
R&D on a persistent basis (Busom, Corchuelo, and Martinez-Ros 2014; Lenihan et al. 2024).
Another potential drawback of R&D tax credits is that firms may use this public financial
support to carry out routine R&I activities (Labeaga et al. 2021; Lenihan et al. 2023; Thomson
2017). In cases such as this, R&D tax credits may result in limited additional learning and
innovative performance effects.
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R&D grants and funding for academic-industry collaborations are competitive in nature,
and typically focus on specific R&I projects with potentially high rates of socio-economic
returns (Lenihan et al. 2023; Mulligan et al. 2022; Vanino, Roper, and Becker 2019). Targeted
R&I projects tend to focus on R&I activities that require the generation of new knowledge, and
that have the potential to result in innovations with high levels of novelty (Hiinermund and
Czarnitzki 2019; Lenihan et al. 2023). Firms may thus prefer R&D grants and funding for
academic-industry collaborations to perform core R&D projects which, a priori, can result in
high levels of additional learning and market outcomes (Lenihan et al. 2023; Vanino, Roper,
and Becker 2019). As Mina et al. (2021) demonstrate, however, R&D grants tend to be
allocated to firms with already high levels of R&I performance (as measured by previous
patenting activity). This can reduce the likelihood of R&D grants resulting in learning effects,
as recipient firms may be already highly R&I capable (Nilsen, Raknerud, and Iancu 2020;
Wanzenbdck, Scherngell, and Fischer 2013). Engaging in collaborations with academics, in
turn, may bring about new challenges for firms. This is because academics may have very
different expectations, timelines, and desired outputs when compared to firms (Cassiman,
Veugelers, and Arts 2018, Ryan et al. 2018; Hewitt-Dundas, Gkypali, and Roper 2019; Lenihan
et al. 2023). Moreover, knowledge transfer between academics and firms is not seamless; it
requires firms to already have high levels of R&I capabilities (Scandura 2016).

Considering the above, there are numerous factors influencing the extent to which
different types of public financial support instruments to support firm-level R&D can affect
firms’ obstacles to R&I. Therefore, it is likely that there is significant heterogeneity in the
effectiveness of the various public financial support instruments at helping firms to address
their financial and non-financial obstacles to R&I. Our analysis sheds light on this issue, by
analysing the relative impact of each of these three individual types of public financial
instruments to support firm-level R&I. This is in terms of helping firms facing financial
and non-financial obstacles to engage more in R&I activities, and the importance that firms
attach to such obstacles.

3. Data and empirical approach

In this paper, we investigate whether public financial support for Research and Innovation
(R&I) enables firms facing financial and non-financial obstacles to engage more in R&I
activities. Moreover, we investigate if public financial support for R&I reduces the impor-
tance that firms attach to these obstacles. Our analysis uses information on firms’ obstacles
to R&I included in the 2010 and 2016 waves of the Innovation in Irish Enterprises survey
(IIE, formerly known as Community Innovation Survey [CIS]). Appendix A shows the
framing of the questions relevant to our study in each IIE survey wave considered. The IIE
is a biennial survey with information on firms’ internal characteristics, their research and
innovation activities, and their obstacles to R&I. The IIE dataset includes information on
firms with at least 10 employees (i.e. it does not include micro-firms).® We specifically focus
on the 2010 and 2016 IIE survey waves, that include questions on obstacles to R&I.

bSpecifically, the IIE survey is a stratified random sample of enterprises with at least 10, and a maximum of 49, persons
engaged, and a census of firms with at least 50 persons engaged. The survey only includes enterprises in the following
NACE Rev 2 Sectors: 05-39, 46, 49-53, 58-63, 64-66, 71-73. For further details see: https://www.cso.ie/en/methods/
scienceandtechnology/innovationinirishenterprisesformerlyknownascommunityinnovationsurvey.
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Our analysis requires observing firms’ R&I activities before, during and after the
receipt of public financial support for R&I. This is to control for: (1) Potential bias
arising from firm-level heterogeneity affecting firms’ likelihood of facing obstacles
(D’Este et al. 2012; Pellegrino 2018); and (2) Firms’ likelihood of obtaining public
financial support for R&I (Hottenrott and Lopes-Bento 2014; Nilsen, Raknerud, and
Iancu 2020). Therefore, we limit our sample to firms present in both the 2010 and
2016 IIE survey waves. Using a sub-sample of a representative survey, such as the
IIE, can induce bias in our analysis. However, as Appendix B demonstrates, our
effective sample largely maintains the representativeness of the IIE survey.

We merge the IIE survey data with administrative data containing the full range of
public financial support for R&I instruments available to firms in Ireland, during the
intervening period between the two IIE survey waves, from 2011 to 2015.” This is
obtained from Ireland’s three main funding agencies (Enterprise Ireland, IDA Ireland,
and Science Foundation Ireland), with the R&D tax credit data coming from the Irish
Revenue Commissioners, which oversee all tax-related matters in Ireland. Enterprise
Ireland (EI) provides a comprehensive suite of supports for Irish-owned firms from
start-up to maturity, with a particular focus on innovation and exporting (Enterprise
Ireland 2022). The Industrial Development Agency (IDA) Ireland focuses on attracting
and supporting investments into Ireland by foreign-owned companies (IDA Ireland
2021). We only consider public financial support instruments from EI and IDA Ireland
that focus on firm-level R&I. Science Foundation Ireland (SFI) primarily funds scien-
tific research in Higher Education Institutions (HEIs). This is a vital pillar of the
innovation policy system in Ireland, as SFI funded institutions can provide cutting
edge knowledge to firms through co-funded collaborative research projects (Science
Foundation Ireland 2022). Our data capture whether firms engaged in these co-funded
collaborative research projects. Appendix C lists all public financial support for R&I
instruments included in the analysis. Using administrative data is an important advan-
tage of our analysis because it permits a detailed understanding of the public financial
for R&I support instruments considered (Hottenrott, Lins, and Lutz 2018; Nilsen,
Raknerud, and Iancu 2020). It enables us to distinguish between: (1) R&D tax credits;
(2) R&D grants; and (3) Funding for academic-industry collaborations, as detailed in
Section 3.2.

The final dataset comprises two repeated cross-sections from the IIE (2010 and 2016)
for 1,296 firms which are present in both surveys. A total of 223 firms claimed/received at
least one public financial support for R&I instrument in the period from 2011 to 2015,
but only 186 of these firms encountered obstacles to R&I in 2010.%

7 total of 30 firms (out of 223 firms) considered in our analysis were awarded public financial support for R& during 2014
and 2015. This overlaps with our outcome period, which considers the period from 2014 to 2016. As these temporal
dynamics can affect our results, our analysis was carried out with and without these 30 firms. From doing this, we
concluded that the results do not change when such firms are excluded/included. Based on this, we decided to include
such firms in our analysis, in order to maximise our sample of treated firms.

®The questions regarding obstacles to R&l in the IIE survey apply to firms that seek to innovate (i.e. innovating firms), and
firms who do not seek to innovate (i.e. non-innovators). As we focus on firms that receive public financial support for
R&I, our analysis only considers innovating firms, which is in line with most studies on this topic (see amongst many
others, D’Este et al. 2012; Pellegrino and Savona 2017).
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3.1. Obstacles to research and innovation

To identify firms that experience financial and non-financial obstacles to R&I, we use
information from a module of the IIE survey pertaining to the factors hampering firms’
R&I activities. As Appendix A shows, the ITE 2010 survey includes data on nine obstacles.
The 2016 survey includes data on eight obstacles, but only six obstacles matched those
included in the 2010 survey. Our analysis focuses on these six obstacles. In both survey
waves, firms specify the importance of each of these six obstacles, as follows: 1=high
importance; 2=medium importance; 3=low importance; and 4=not important.

To construct our measures of financial and non-financial obstacles in 2010 (i.e. our
initial period), we combine the above six categorical variables into three binary variables,
corresponding to three headline obstacles (i.e. financial, knowledge and market), at any
level of importance. For example, Financial Obstacle is a headline measure, and takes the
value of 1 if a firm experienced a lack of internal finance, a lack of credit, or if it considered
the cost of R&I being too high, in the last three years (at any level of importance, such as
low, medium, or high). Otherwise, the value is 0. Appendix D explains these variables, with
a summary presented in Table 1. The headline indicators used here are commonly used
measures of firms’ obstacles to R&I, as evidenced by a number of earlier studies (see, for
example, D’Este et al. 2012, 2014; Pellegrino and Savona 2017; Zahler, Goya, and Caamafio
2022). For robustness and completeness, we follow Galia and Legros (2004) and use
a second set of measures of firms’ obstacles to R&I, generated by means of
a confirmatory factor analysis. We explain the construction of these variables in Section 4.3.

3.2. Dependent variables

In our analysis, we focus on whether public financial support for R&I enables firms that
experience financial and non-financial obstacles, to engage more in R&I activities
(Hypothesis 1). Furthermore, we focus on whether public financial support for R&I
reduces the importance that firms attach to such obstacles (Hypothesis 2a and 2b).

To test Hypothesis 1, we consider the extent to which public financial support for R&I
results in firms that experience financial obstacles, to increase their R&I investments. We
focus on this specific R&I activity because, as Becker (2015) notes, financial obstacles
negatively affect firms’ R&I investments. To measure this, we use the natural logarithm of
firms’ total investment in R&I (Marino et al. 2016). We obtain firms’ total R&I invest-
ments from the IIE survey, as the sum of the following R&I investment categories: (1) In-
house R&D; (2) External R&D; (3) Acquisition of machinery, equipment, software, and

Table 1. Firms facing obstacles in 2010 (percentage)

All firms Non-treated Treated firms
(N =1296) Firms (N =1073) (N=223)
Headline Obstacles (N) (%) (N) (%) (N) (%)
Financial Obstacles (1=yes) 792 61.110 622 57.970 170 76.230
Knowledge Obstacles (1= yes) 682 52.620 521 48.560 161 72.200

Market Obstacles (1=yes) 781 60.262 598 55.731 183 82.062
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buildings for R&I; (4) Acquisition of knowledge from other enterprises or institutions;
and (5) All other innovation activities (including design, marketing, and other relevant
activities).

Moreover, we consider the extent to which public financial support for R&I enables
firms experiencing knowledge obstacles to: (1) Increase their breadth of collaborators,
measured as a count variable ranging from 0 to 4 to account for suppliers, clients, other
firms and public knowledge providers (Laursen and Salter 2014); and, (2) Enhance their
breadth of innovations introduced to the market, as measured by a count variable
ranging from 0 to 4, depending on whether firms innovated in processes, products,
services and forms of organisation (D’Este et al. 2012). We focus on these R&I activities
because, as discussed in Section 2.1, these are two key avenues through which firms can
increase their knowledge resources. Engaging in additional collaborations can help firms
to obtain external knowledge for R&I, and requires firms to develop skills for absorbing
such knowledge (Antonioli, Marzucchi, and Savona 2017; Hewitt-Dundas, Gkypali, and
Roper 2019). For Klingebiel and Rammer (2014), increasing the breadth of R&I activities
requires firms to learn how to manage multiple R&I projects at the same time, and can
result in knowledge complementarities across R&I portfolios (Hullova et al. 2019).

Finally, we focus on the extent to which firms that experience knowledge obstacles are
able to increase their turnover from innovation. We specifically consider whether such
turnover is generated from: (1) New to the firm goods and services; and/or (2) New-to-
market goods and services (both measured as the percentage of turnover), individually.
We focus on these variables because they are widely used in the literature to analyse
whether firms are indeed able to successfully commercialise their innovations (Hewitt-
Dundas, Gkypali, and Roper 2019). We obtain these variables from two specific questions
in the IIE survey, where firms indicate the percentage of turnover that was derived from
(1) New to the firm goods and services, and (2) New to the market goods and services.
Table 2 presents the descriptive statistics for our unmatched (i.e. raw) dependent variables
between treated and untreated firms, with treated firms being those firms receiving public
financial support for R&I from 2011 to 2015. The table shows that firms that received
public financial support for R&I during 2011 to 2015 (i.e. treated firms) performed better,
on average, across all of the indicators considered, when compared to untreated firms.

To test Hypothesis 2a and 2b, we create three variables, measuring the changes in the
levels of importance that firms attached to their financial and non-financial obstacles,
between 2010 and 2016. As discussed in Section 3.1, firms are required to declare the
levels of importance they attach to each of the hampering factors in Appendix A, as

Table 2. Dependent variables (step 1).

Treated =0 (N=1073) Treated =1 (N=223)
Obstacle Dependent Variables Mean SD Min Max Mean SD Min Max
Financial Ln Total R&D investments 2732 3874 0 12922 6711 3935 0 11.863
Knowledge Breadth of Collaborators for R&l (0 to 4). 0113 0443 0 4 0419 0702 0 4
Breadth of Innovation (0 to 4) 0983 0.899 0 4 1.583 0958 0 4
Market Percentage of turnover from new to firm  3.772 10.881 0 100 8950 15821 O 100

goods and services (2016)
Percentage of turnover from new to market 2.210 9.862 0 100 7.782 16412 0 100
goods and services (2016)
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Table 3. Dependent variables (step 2).

Non-treated

All firms firms Treated firms
Headline Obstacles (%) (%) (%)
Firms reducing the importance attached to Financial Obstacles (1 = Yes) 49.12 52.09 38.24
Firms reducing the importance attached to Knowledge Obstacles (1 = Yes) 28.41 29.10 25.88
Firms reducing the importance attached to Market Obstacles (1 = Yes) 38.76 42.44 25.29

follows: 1 = high importance; 2 = medium importance; 3 = low importance; and 4 = not
important. Therefore, in a similar way to the headline indicators as discussed in
Section 3.1, we combine the hampering factors in Appendix A into three headline
indicators (i.e. financial, knowledge and market obstacles). In these cases, however, the
headline indicators take the value of 1 if the importance that firms attached to their
hampering factors for the financial, knowledge and market categories in 2016 has been
reduced by at least one level of importance, when compared to 2010. For example, the
variable Firms reducing the importance attached to Financial Obstacles is a headline
measure. The variable takes the value of 1 if the level of importance that firms attached
to any of the financial hampering factors (i.e. a lack of internal finance, a lack of credit, or
the cost of R&I being too high) was lower in 2016. This is in comparison to the level of
importance that firms attached to the same hampering factors in 2010 (e.g. from high in
2010 to medium, low, or not important in 2016). This resulted in three variables (i.e. one
each for financial, knowledge and market obstacles), as presented in Table 3.

Using the above variables, Hypothesis 2a is supported if the treatment effects show that
these variables are positive and significantly affected by public financial support for R&L
This would suggest that, on average, firms reduced the importance that they attached to
their obstacles, following the receipt of public financial support for R&I. This is in
comparison to untreated firms that also experienced obstacles in 2010. In contrast to
this, we consider negative and significant coefficients to support Hypothesis 2b.

3.3. Public financial support for R&I

Most previous studies concerned with public financial support for R&I in the context of
obstacles to R&I mainly focused on financial obstacles using survey data, which do not
allow for an analysis of different forms of public financial instruments (Silva and Carreira
2012). Our administrative data permit analysing different public financial support
instruments for R&I.

Appendix C lists all of the public financial instruments for R&I considered in the
analysis, and classifies them as: (1) R&D tax credits; (2) R&D grants; and (3) Funding
for academic-industry collaborations (Busom, Corchuelo, and Martinez-Ros 2014;
Lenihan, Mulligan, and O’Driscoll 2020; Zufiga-Vicente et al. 2014). R&D tax credits
are available to all firms in Ireland which are liable for corporation tax, and that
undertake R&D activities involving systemic, investigative, and experimental
research activities in the field of science and technology (Irish Revenue
Commissioners 2020). R&D grants are allocated directly to firms through
a competitive process. Firms are required to demonstrate the importance of the
proposed projects, their expected outcomes, and their abilities to complete such
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projects (Enterprise Ireland 2022; IDA Ireland 2021). Funding for academic-industry
collaborations is also competitive in nature. However, firms do not receive any direct
financial incentives. This funding is allocated to academics in Higher Education
Institutions (HEIs) to engage in co-funded collaborative R&D activities with firms.
Therefore, the applications need to be submitted by the HEIs (Enterprise Ireland
2022; IDA Ireland 2021; Science Foundation Ireland 2022).°

In our analysis, we combine the instruments in Appendix C into four binary variables.
Public Financial Support for Ré+[ is our main variable of interest. This variable is equal to
1 if firms received any of the financial instruments for R&I featured in Appendix C, from
2011 to 2015; otherwise, the value is 0. The remaining three variables follow the same
methodology for each type of instrument. Table 4 summarises these variables.

3.4. Empirical approach

We structure our analysis in three steps. In the first step, we analyse whether public
financial support for R&I enables firms that face financial and non-financial obstacles to
engage more in R&I (i.e. Hypothesis 1). In line with studies focussed on the additionality
of public financial support for R&I, we control for selection bias in the use of public
financial support for R&I by employing a propensity score matching (PSM) methodology
(Czarnitzki and Lopes-Bento 2013; Vanino, Roper, and Becker 2019). The PSM approach
relies on the conditional independence assumption (CIA), where treatment and outcome
are assumed to be statistically independent for firms with the same set of observable
characteristics (Rubin 1977). Assuming that the matching is performed correctly, the
average treatment effect of public financial support for R&I on firms’ R&I activities can
be obtained as follows:

E(aTT;)= E(YT;|S=1,X =x)—E(YC;y|S=0,X = x) (1)

In Equation (1), aTT denotes the average treatment effect of public financial support for
R&I i (i=Public Financial Support for Re&I, which pertains to any type of public financial
support for R&I instrument) on several outcome variables (j), which are the five variables
in Table 2. YTj|S=1 is the outcome variable j for firms that received public financial

Table 4. Public financial support instruments for R&l used in the analysis (Step 3).

Variables Number of Firms (N) Percentage (%)
Public financial support for R&l 223 17.211

No support 1,073 82.793
Type of public financial support for R&I instruments (M)* (223 = 100%)
R&D tax credits 82 36.771
R&D grants 67 30.045
Funding for academic-industry collaborations 58 26.009

A mix of the above public financial support for R&l instruments* 16 7175
Total 223 100

*We include the 16 firms that received a mix of public financial support instruments in the Public financial support for R&I
indicator, but we do not analyse these firms as a stand-alone category, due to small sample size.

°Based on our data (which cover the period from 2006 to 2017), all firms in our sample received public financial support
for R&l for the first time during 2011 to 2015. This is important as the effects hypothesised in Sections 2.1 and 2.2 may
not take place if firms have received public financial support for R&l before, or during, our initial period.



INDUSTRY AND INNOVATION e 257

support for R&I i, which is observable. YT,|S=0 is the outcome variable j for the
counterfactual scenario if treated firms had not received such public financial support
for R&I (S =0). YT,~j|S = 0 needs to be estimated, and consists of firms that did not receive
public financial support for R&I, but that are statistically similar across observable
characteristics to those firms receiving such public financial support before treatment
took place (Czarnitzki and Lopes-Bento 2013; Radas et al. 2015). Following Czarnitzki
and Lopes-Bento (2013), Radas et al. (2015) and Vanino et al. (2019), we perform the
PSM routine for Equation (1) by estimating firms’ propensity to receive public financial
support for R&I conditionally upon a set of exogenous variables (X), before the treatment
takes place (i.e. in 2010). The predicted probabilities are compiled into a single index (i.e.
the propensity score), and firms are matched according to this index. Table 5 describes
the observable variables used in the matching process, with Table 6 presenting the
associated summary statistics. As explained below in more detail, the variables for
NACE Rev 2 categories and for firms’ sizes are not included as matching variables in
Tables 5 and 6. This is because these variables are used in the matching process by
multiplying the propensity score by the categorical variables Size (Small = 1, Medium = 2,
and Large = 3) and NACE Rev. 2 classifications. This is similar to the process described as
‘Exact Matching’ by Vanino et al. (2019).

As Table 5 shows (in Panel A), a set of binary variables measure whether: (1) Firms are
Irish owned (Doran and Ryan 2014); (2) Firms are part of an enterprise group (Jissink ,
Schweitzer and Rohrbeck 2019); and, (3) Firms are exporters (Love and Roper 2015). We
also control for firms’ age, where age is measured by the difference between 2010 and
firms’ registration years. In addition, we control for firms” innovative efforts and out-
comes in 2010, with: (1) A binary variable measuring whether firms introduced radical
innovations in 2010; (2) A continuous variable measuring the logarithm of firms’ total
investments in R&I in 2010; (3) A count variable ranging from 0 to 4, measuring the
breadth of innovation partners in 2010 (i.e. clients, customers, other firms, and public
knowledge providers); (4) Firms’ percentage of turnover from innovation in 2010; and,

Table 5. Variables used in the matching process.

Stage Matching Variables Explanation
Panel A Irish Owned (1=Yes) 1= Firm is Irish owned
Enterprise Group (1= Yes) 1= Firm is part of an Enterprise Group
Export (1= Yes) 1= Firm exports
Ln Total R&l Investments (2010) Ln of Total investment in R&! in 2010
Percentage turnover from Innovation Percentage of total turnover from innovation in 2010
(2010)
Breadth of Innovation partners in 2010.  Count variable (0 to 4) measuring the breadth of innovation
partners
Breadth of Innovation in 2010. Count variable (0 to 4) measuring the breadth of innovation
activities
New to market good or service (2010) 1= Firm introduced new to market good and/or services in 2010
Financial Obstacles (1 =Yes in 2010) 1= Firm faced financial obstacles in 2010
Knowledge Obstacles (1 =Yes in 2010) 1= Firm faced knowledge obstacles in 2010
Market Obstacles (1 =Yes in 2010) 1= Firm faced market obstacles in 2010
Ln Age Continuous variable in natural logarithm (2010 - Year of
Registration)
Panel B Ln Total R&I Investments (2016) Natural logarithm of Total investment in R&I in 2016

Percentage turnover from Innovation
(2016)
New to market good or service (2016)

Percentage of total turnover from innovation in 2016

1= Firm introduced new to market good and/or services in 2016
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Table 6. Summary statistics of variables used in the matching process.

Treated Control
Variables Mean Std. Dev. Min Max Mean Std.Dev. Min  Max
Panel A: Stage 1
Irish Owned (1=Yes) 0.715 0452 0 1 0.711 0.453 0 1
Enterprise Group (1= Yes) 0.181 0494 0 1 0.177  0.467 0 1
Export (1= Yes) 0.903 0264 0 1 0.851 0.497 0 1
Ln Total R&D Investments (2010) 6.973 3776 0 11.59 2613 3.797 0 12.368
Percentage turnover from Innovation (2010) 9.601 15441 0 100 6.023 16.434 0 100
Breadth of Innovation partners (0 to 4) 0.697 1.012 0 4 0.196  0.628 0 4
Breadth of Innovation (0 to 4) 2.596 1.774 0 4 1.356 1.598 0 4
New to market good or service (1= Yes in 2010) 0.489 0.501 0 1 0.364 0.371 0 1
Ln Age 3.401 0346 23 4.094 3.376 0403 1.609 4.094
Panel B: Stage 2
Ln Total R&l Investments (2016) 6.973 3776 0 11.59 3.738 3.878 0 12.924
Percentage turnover from Innovation (2016) 8959 15851 O 100 16.716 10.886 0 100
New to market good or service (1=Yes in 2016) 0.489 0501 0 1 0.377 2.108 0 1

Variables for firms’ obstacles are presented in Table 2.

(5) A count variable measuring firms’ breadth of innovation activities ranging from 0 to 4
(i.e. process, product, service, and organisational innovation). Matching according to
firms’ R&I efforts before the treatment takes place is important, as such efforts can
influence firms’ likelihood to obtain public financial support (Busom, Corchuelo, and
Martinez-Ros 2014; Mina et al. 2021). Also, as noted in Section 2.2, firms’ R&I efforts can
influence their likelihood to face financial and non-financial obstacles.

Finally, we use three dummy variables to measure whether firms encountered finan-
cial, knowledge and/or market obstacles in 2010 (as described in Section 3.1). Given that
firms typically face more than one obstacle, the inclusion of these three variables permits
matching firms that experienced the same combination of obstacles in 2010.

It is important to outline that, in performing our analysis, we focus on each of the
three obstacles individually. This is because our focus is on understanding whether
firms that experience a given obstacle and receive public financial support for R&I,
engage in specific R&I activities associated with that obstacle. For example, when
focusing on financial obstacles, we specifically focus on firms that experience these
obstacles, regardless of whether they also experience other obstacles (e.g. when con-
sidering financial obstacles, the binary variable measuring financial obstacles needs to
have the value of 1). Our analysis thus focuses on the extent to which these firms are
able to increase their R&I investments, following the receipt of public financial support
for R&I. The same applies for firms experiencing knowledge and market obstacles, in
which cases, we focus on the specific variables associated with each of these obstacles, as
presented in Table 2. This approach enables us to compare treated firms that face
a given obstacle, with a control group of firms that also experience the same specific
obstacle. As the only difference between these two groups of firms is whether they
receive public financial support for R&I, we can attribute the changes in their R&I
activities to the support. Therefore, our analysis requires repeating the matching
process three times. As described in Section 3.2, for these three obstacles, a total of
five outcomes variables are investigated (see Table 2). This requires the estimation of
Equation (1) a total of five times.
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Following Hottenrott and Lopes-Bento (2014), in each of the above cases, we use
a nearest neighbour approach, matching treated firms with up to three comparator
firms. In doing so, we use the recommended caliper of 0.2 points of the standard
deviation of the propensity score (Austin 2011). Furthermore, as noted above, we
only allow matches between: (1) Firms of the same size, as measured by the
categorical variables denoting 1=small, 2=medium and 3= large-sized firms, accord-
ing to their number of employees; and, (2) Firms within the same sector, using one-
digit NACE Rev. 2 classifications (Vanino, Roper, and Becker 2019). To achieve
this, we multiply the propensity scores by the categorical variables Size (i.e. Small =
1, Medium =2, and Large=3) and NACE Rev. 2 classifications. In this way, we
ensure that the propensity scores for each of the size-sector combinations are
sufficiently different from each other, to the extent that different firms in different
size-sector categories cannot be matched (i.e. Exact Matching).'’ Standard tests in

Table 7. Balance check stage 1 and 2 (financial obstacles).

Panel A Matching Variables Stage 1 Treated Control Diff (T - Q) P-Value
Irish Owned (1=Yes) 0.713 0.682 0.031 0.591
Enterprise Group (1= Yes) 0.161 0.154 0.007 0.463
Export (1= Yes) 0.898 0.875 0.023 0.815
Ln Age 3.397 3.389 0.008 0.848
Breadth of cooperation partners (0 to 4) 0.656 0.627 0.029 0.844
Ln Total R&I Investments (2010) 6.827 6.899 -0.072 0.838
Percentage of turnover from Innovation (2010) 9.928 10.4 —0.472 0.82
Breath of Innovation (0 to 4) 2.621 2.622 —0.001 0.981
New to market good or service (2010) 0.458 0.402 0.056 0.741
Financial Obstacles (1 =Yes in 2010) 1 1 0 1
Knowledge Obstacles (1 =Yes in 2010) 0.904 0.837 0.067 0.926
Market Obstacles (1= Yes in 2010) 0.923 0.911 0.012 0.821
Rubin’s B = 18.5. Mean Bias = 3.3; Median Bias = 2.6. R =0.69

Panel B: Matching Variables (Stage 2) Treated Control Diff (T - Q) P-Value
Irish Owned (1=Yes) 0.727 0.668 0.059 0.265
Enterprise Group (1= Yes) 0.162 0.159 0.003 0.628
Export (1= Yes) 0.896 0.903 —0.021 0.825
Ln Age 3.396 3.363 0.046 0.439
Breadth of cooperation partners (0 to 4) 0.357 0.35 0.024 0.906
Ln Total R&l Investments (2010) 6.868 6.723 —0.011 0.737
Percentage of turnover from Innovation (2010) 9.872 9.782 -0.429 0.907
Breath of Innovation (0 to 4) 2.649 2.625 0.126 0.905
New to market good or service (2010) 0.467 0.404 0.022 0.969
Financial Obstacles (1= Yes in 2010) 1 1 0 1
Knowledge Obstacles (1= Yes in 2010) 0.896 0.895 0.001 0.975
Market Obstacles (1= Yes in 2010) 0.922 0.927 —-0.024 0.858
Ln Total R&I Investments (2016) 6.328 6.441 0.021 0.807
Percentage turnover from Innovation (2016) 8.343 8.407 —-0.047 0.958
New to market good or service (2016) 0.402 0.404 0.031 0.969

Rubin’s B =22.1. Mean Bias = 4.1; Median Bias =3.13R=0.63

*** Denotes significance at the 99% level, ** 95% level and * 90% level. Only firms of the same size (1=small, 2 = medium
and 3 =larger), and of the same sector (according to Nuts Rev.3 codes) were matched (i.e. Exact Matching). These tables
were produced focusing on firms that experienced Financial Obstacles, regardless of whether they experienced other
obstacles. This explains why the Financial Obstacles are = 1 in both tables, for treated and control firms. The percentage
of firms experiencing knowledge and market obstacles is higher in this Table 7, in comparison to Table 1, due to only
considering firms that experienced Financial Obstacles.

"%In doing this, we also ensure that the resulting propensity scores were not affected by issues of multiplications, which
can occur when the propensity score is multiplied by firms’ sizes and sectors.
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Panel A of Table 7 confirm that no significant differences exist between the
treatment and control groups across all variables used (for the specific case of
financial obstacles).!

The second step of our analysis focuses on whether public financial support for
R&I reduces/increases the importance that firms attach to the obstacles they face
(i.e. Hypotheses 2a and 2b). Here, we follow a similar approach as above. However,
in addition to controlling for selection bias in the allocation of public financial
support, we consider issues of reverse causality (i.e. endogeneity) between firms’
R&I efforts and their obstacles (Savignac 2008). This is carried out as follows:

E(aTT;)=E(YT;|S=1,X =x, P =p)—E(YC4|S=0,X =x, P =p) (2)

Equation (2) is similar to Equation (1), but now j corresponds to the variables capturing
the changes in the importance that firms attach to their obstacles (j= Financial,
Knowledge and Market obstacles). Moreover, the equation includes an additional match-
ing restriction (denoted as P) to account for firms’ R&I efforts and outcomes in 2016 (i.e.
the outcome period). Panel B of Table 5 explains these variables, with a summary of these
variables presented in Panel B of Table 6. We include: (1) The natural logarithm of firms’
total R&I investments in 2016; (2) Firms’ percentage of turnover from innovation in
2016; and, (3) Whether firms introduced radical innovations in 2016. The matching
routine is performed in the same way as described above. Also, similarly to our first step,
we repeat the matching routine three times, once each for financial, knowledge, and
market obstacles. In this case, we only have three outcome variables. Therefore, we
estimate Equation (2) a total of three times. Panel B of Table 7 shows the standard
tests performed, which ensure comparability between the treated and (constructed)
control group (for the specific case of financial obstacles).

Previous studies control for potential reverse causality between firms’ R&I efforts and their
obstacles by: (1) Jointly modelling firms” R&I efforts, and their likelihood to face obstacles
(Blanchard et al. 2013; Mohnen et al. 2008); or, (2) Focussing their analysis on firms which
intended to innovate (Pellegrino 2018; Pellegrino and Savona 2017; Zahler, Goya, and
Caamano 2022). Our approach extends such studies, by not only controlling for firms’
decisions to innovate, but also controlling for their innovative performance before, during
and after the period of intervention. We achieve this by constructing a counterfactual of firms
that: (1) Are statistically similar across the observable characteristics in 2010; (2) Experienced
the same set of financial, knowledge and market obstacles in 2010; (3) Engaged in R&I
similarly to treated firms both in 2010 and 2016; and, (4) Only differ in the treatment variable
(i.e. S=1and S=0). As a result, our approach represents a more detailed way of dealing with
potential unobserved heterogeneities driving firms” obstacles to R&I.

Finally, the third step of our analysis focuses on identifying potential differences in the
results obtained from estimating Equation (1) and Equation (2), when considering differ-
ent types of public financial support for R&I instruments. To operationalise this, we first
obtain the probabilities of firms receiving each of the three types of public financial support
instruments to support firm-level R&I considered (i.e. R&#D tax credits, Ré&D grants, and
Funding for academic-industry collaborations), individually. We then use the propensity

"Balance tests for the matching process for knowledge and market obstacles are very similar to the those presented in
Table 7, and are available upon request to the corresponding author.
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scores obtained from these estimations, and perform the matching routine for each of the
above types of instruments. Here, we have three obstacles and three public financial
support for R&I instruments. Therefore, we repeat the matching routine nine times.
Finally, we estimate Equation (1) 15 times (i.e. five outcome variables for three public
financial support for R&I instruments), and Equation (2) nine times (i.e. three outcome
variables for three public financial support for R&I instruments).

4. Empirical results

We now proceed to present our main results, which are presented as average treatment
effects on the treated firms.

4.1. The impact of public financial support on the R&I activities of firms facing
obstacles

We begin by presenting the results obtained by using the aggregated measure of public
financial support for Research and Innovation (R&I). In terms of financial obstacles,
Panel A of Table 8 indicates that public financial support for R&I helped firms facing
such obstacles to invest more in R&I. The average treatment effect captured by the
variable Ln Total Re&D Investments shows that public financial support for R&I enabled
firms that faced financial obstacles to invest, on average, circa 15.4 percent more in R&I
(p <0.05). This is relative to untreated firms that also faced financial obstacles.'” This
finding is in line with previous studies that focused on public financial support for R&I,
as a means to enabling firms to address their financial obstacles to R&I (Carboni 2017;
Colombo, Croce, and Guerini 2013).

Turning next to treated firms facing knowledge and market obstacles, our results
presented in Panel A (Table 8), and illustrated in Figure 1, indicate that public financial
support for R&I is also highly effective at helping firms facing such obstacles to carry out
more R&I activities. A larger breadth of external partners for R&I collaborations can
enable firms to benefit from external knowledge, which is critical for building knowledge
resources (Antonioli, Marzucchi, and Savona 2017). From Table 8 (Panel A), we find that
public financial support for R&I enabled firms that faced knowledge obstacles, to increase
their breadth of R&I collaborators, by 0.22 (p < 0.05). Moreover, a wider breadth of R&I
activities indicates firms’ abilities to increase the number of R&I projects that they can
manage at the same time, which can translate into superior learning effects (Leiponen
2012; Klingebiel and Rammer 2014). Here, our results suggest that public financial
support for R&I resulted in an increase, on average, of 0.21 in the breadth of R&I
activities undertaken by firms facing knowledge obstacles (Column 1, p < 0.05).

Regarding firms facing market obstacles, Table 8 (Panel A) shows that public
financial support for R&I has had a positive and significant effect on such firms’ new-
to-market innovations (i.e. radical innovations). In this case, firms facing market
obstacles increased their turnover from new-to-market innovations, by almost 3.5 per-
cent (p <0.01). These findings are in line with several studies that report public

The percentage figures are obtained by the following exponential (e®-1)*100, where a is the relevant coefficient, and e is
the base of the natural logarithm (i.e. 2.72).
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Table 8. Impact of public financial support for R&l on the R&I activities of firms facing obstacles.

Difference
Panel A Outcome variables (2016) (Treated and Control)
Financial Ln Total R&D Investments 0.144%**
(0.544)
Knowledge Breadth of Cooperation Partners (0 to 4) 0.223%**
(0.084)
Breadth of Innovation activities (0 to 4) 0.216***
(0.075)
Market Percentage of turnover from new to firm goods and services 0.156
(0.869)
Percentage of turnover from new to market goods and services 2.796%**
(1.136)
Panel B Outcome variables (2016)
Firms reducing the importance attached to Financial Obstacles (1 = Yes) —-0.034
(0.071)
Firms reducing the importance attached to Knowledge Obstacles (1 = Yes) 0.015
(0.067)
Firms reducing the importance attached to Market Obstacles (1 = Yes) —0.159**
(0.068)
No. Treated firms 186

Coefficients are Average Treatment Effects (ATE) with robust standard errors. *** denotes significance at the 99% level,
** 95% level and * 90% level. ATE is obtained by a difference in means test.

Treated 4 —_— Treated 4 —_—————

Control{ —————@&——— Control{ ———————@&——

8 12 2 3 4
Breadth of Innovations Breadth of Collaborators
Treated Treated 4 —_—
Control - Control{ ———&——
T T T T T T T T T T
7 8 9 10 1 12 4 6 . 8 10
New to Firm Innovation (% of Total Turnover) New to Market Innovation (% of Total Turnover)

Figure 1. Impact of public financial support for R&l on the R&l activities of firms experiencing
knowledge and market obstacles.

financial support for R&I to enable firms to expand their knowledge search activities,
and achieve superior innovation performance (Clarysse, Wright, and Mustar 2009; Lee
2011, Wanzenbdock, Scherngell, and Fischer 2013, Lenihan et al. 2023). Our combined
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findings thus strongly support Hypothesis 1, which stated that public financial support
for R&I enables firms that face financial, knowledge and market obstacles, to engage
more in R&I activities.

4.2. Public financial support and the importance that firms attach to their
obstacles to R&I

We now turn our attention to whether public financial support for R&I impacts the
importance that firms attach to their financial, knowledge and market obstacles. Our
findings in Panel B of Table 8 indicate that, as the treatment effects are not significant in
most cases, firms that received public financial support for R&I attached similar levels of
importance to their financial and knowledge obstacles. This is in comparison to firms
who also faced obstacles, but who did not receive public financial support for R&I.
Moreover, we find evidence which indicates that treated firms experiencing market
obstacles in 2010, have increased the level of importance that they attached to these
obstacles in 2016 (p < 0.05). Based on this, our findings do not support Hypothesis 2a,
which stated that public financial support for R&I reduces the importance that firms
attach to their obstacles. Our results provide some support for Hypothesis 2b, which
stated that public financial support for R&I increases the importance attached to obsta-
cles, in the case of market obstacles.

As discussed in Section 2.2, Hewitt-Dundas (2006, 267) finds in a sample of manu-
facturing plants in Ireland that firms continue to experience financial and non-financial
obstacles despite showing clear signs of ‘capability building’. This is in the sense of firms
becoming more innovative, in terms of their probabilities to innovate, and the turnover
that they generate from innovation. Hewitt-Dundas (2006) concludes that this indicates
that firms’ obstacles to R&I are likely to persist, despite firms reconfiguring their R&I
resources and capabilities. Our findings support this view in the context of financial and
knowledge obstacles. In the context of market obstacles, our findings are in line with
D’Este et al. (2012) and Coad et al. (2016). These studies show that as firms become more
innovative and productive, they tend to attach higher levels of importance to their
obstacles to R&I. Our findings, therefore, indicate that public financial support for R&I
enables firms to engage in R&I activities, despite their financial and non-financial
obstacles. However, this does not translate into firms reducing the importance that
they attach to their financial, knowledge and market obstacles.'?

4.3. Heterogenous effects of different types of public financial support
instruments on firms’ financial and non-financial obstacles

We now present the results of our analysis, when repeated for the three types of public
financial support for R&I instruments, individually. More specifically, our analysis
considers: (1) R&D grants; (2) R&D tax credits; and (3) Funding for academic-industry

3We repeated this approach by reversing our dependent variables. That is, we created three new variables measuring
situations where firms increased the importance that they attach to their financial, knowledge and market obstacles.
This was carried out to ensure that our results were not affected by those firms which did not show changes in the
levels of importance attached to their obstacles. Results were consistent with the findings presented in the paper, and
are available upon request to the corresponding author.
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Table 9. Heterogenous effects of public financial support for R&l instruments.
R&D Tax R&D Academic-Industry

Panel A Credits Grants Collab.
Outcome variables (2016) (1) (2) 3)
Financial Ln Total R&D Investments 0.182%** 0.212%** 0.138
(0.772) (0.735) (0.107)
Knowledge
Breadth of Cooperation Partners (0 to 4) 0.241%* 0.1930** 0.173
(0.116) (0.118) (0.131)
Breadth of Innovation activities (0 to 4) 0.220* 0.313** 0.373
(0.164) (0.152) (0.273)
Market Percentage of turnover from new to firm goods and -0.024 0.031 0.025
services (0.026) (0.025) (0.030)
Percentage of turnover from new to market goods 0.718 3.303** 2.375
and services (1.721) (1.672) (1.854)
Panel B
Outcome variables (2016)
Firms reducing the importance attached to Financial Obstacles (1 = —-0.103 0.079 0.111
Yes) (0.098) (0.095) (0.107)
Firms reducing the importance attached to Knowledge Obstacles (1= —0.179%** —-0.020 0.019
Yes) (0.091) (0.092) (0.094)
Firms reducing the importance attached to Market Obstacles (1 = Yes) —-0.034 —-0.104 —0.170**
(0.104) (0.082) (0.085)
No. Treated firms 67 52 49

Coefficients are Average Treatment Effects (ATE) with robust standard errors. *** denotes significance at the 99% level,
** 95% level and * 90% level. ATE is obtained by a difference in means test.

collaborations. From Panel A of Table 9, we observe that the positive and significant
impact on firms’ levels of R&I investments, as reported in Table 8, only pertain to R&D
tax credits and R&D grants (i.e. with impacts of 24.2 and 26.8 percent, respectively).
A Wald test elucidates that R&D grants resulted in a larger impact on firms R&I
investments in comparison to R&D tax credits, by around 3 percent (p <0.05). In line
with previous research on this topic (Becker 2015; Busom, Corchuelo, and Martinez-Ros
2014), this is likely to be because R&D grants increase firms’ levels of internal financial
resources for R&I. In contrast to this, firms claim R&D tax credits to reduce the costs of
R&I, after they perform these activities (i.e. R&D tax credits do not result in more
financial resources for R&I ex-ante).

Moreover, we find funding for academic-industry collaborations to have had no
impact on the R&D investments of firms experiencing financial obstacles. This concurs
with Bellucci, Pennacchio, and Zazzaro (2016), who reported no input additionality
effects of funding for academic-industry collaborations amongst firms in Italy.
However, these findings differ from those of Scandura (2016), who found that public
funding for academic-industry collaborations increased R&D investments by firms in the
UK. As noted by Cassiman et al. (2018), firms may collaborate with academics in Higher
Education Institutions (HEIs) by outsourcing R&D activities that cannot be carried out
internally. Therefore, funding for academic-industry collaborations may not necessarily
increase firms” R&D investments levels, but re-orient investments to specific research
activities, such as applied research (Mulligan et al. 2022). Moreover, as noted in
Section 3.2, R&D tax credits and R&D grants are targeted directly at firms, while funding
for academic-industry collaborations does not provide a direct financial incentive to
firms (Lenihan et al. 2023). Instead, the funding is allocated to academics in Higher
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Education Institutions (HEIs) to engage in co-funded collaborative R&D activities with
firms. Based on this, our results indicate that public financial support for R&I can help
firms facing financial obstacles to invest more in R&I, but only when targeted directly at
firms.

In terms of knowledge obstacles, Panel A of Table 9 provides evidence of R&D tax
credits and R&D grants enabling firms experiencing such obstacles to increase their
breadth of R&I activities (p <0.10 and p < 0.05, respectively). Moreover, we find that
R&D tax credits and R&D grants resulted in firms facing knowledge obstacles increasing
their breadth of R&I collaborators, by an average of 0.3 and 0.2 collaborators, respectively
(p <0.05). In both cases, we do not find that funding for academic-industry collabora-
tions enabled firms experiencing knowledge obstacles to engage in these R&I activities.
Some previous studies have found that collaborating with academics in HEIs can bring
important benefits to firms (Mulligan et al. 2022; Scandura 2016; Vanino, Roper, and
Becker 2019). According to Hewitt-Dundas et al. (2019), however, benefiting from such
collaborations requires an initial learning process, by both firms and academics. Mulligan
et al. (2022) also demonstrate that the firm-level effects arising from such types of
collaboration may take time to occur. This may help to explain why we do not find
funding for industry-academic collaborations to help firms to engage in more R&I
activities.

Finally, firms that experienced market obstacles and obtained R&D grants, have
increased their turnover from new-to-market innovations (as a percentage of total turn-
over), by approximately 3.5 percent (p <0.05). Our findings are consistent with Lee
(2011) and Beck et al. (2016), who reported that R&D grants can encourage radical
innovation in firms, which they define as new-to-market products and services. As noted
earlier, this likely relates to R&D grants being typically focused on specific R&I activities
that can result in more novel products and services (Afcha and Lucena 2022; Becker 2015;
Neicu, Teirlinck, and Kelchtermans 2016). This is not the case for R&D tax credits. As
discussed in Section 2.2, this may relate to firms using R&D tax credits for routine R&I
activities, which may not translate into additional innovations in firms. Moreover, as
noted above, funding for academic-industry collaborations may require a longer time
horizon to result in innovation, which our data do not permit exploring.

The findings as outlined above, suggest that R&D tax credits and R&D grants have
similar impacts in terms of enabling firms to engage in R&I activities, when experiencing
financial and knowledge obstacles. Moreover, we also find R&D grants to be particularly
effective at enabling firms that experienced market-related obstacles, to generate higher
levels of turnover from innovation. In all cases, however, we do not find funding for
academic-industry collaborations to have helped firms experiencing financial, knowledge
and market obstacles to engage more in R&I

Finally, Panel B of Table 9 adds further support to our findings in Panel B of Table 8.
These findings show that treated firms continued to attach similar levels of importance to
their obstacles, despite receiving public financial support for R&I. This happens regard-
less of the type of public financial support for R&I instrument that firms received.
Furthermore, we find, on average, that firms facing market obstacles in 2010, and that
engaged in publicly funded academic-industry collaborations, have increased the level of
importance that they attached to such obstacles in 2016. We do not find that this was the
case for R&D tax credits and R&D grants. This may relate to firms seeking to collaborate



266 M. PEREZ-ALANIZ ET AL.

with academics in HEIs to explore potential R&I ideas at the early stages of the R&I
process (Hewitt-Dundas, Gkypali, and Roper 2019; Mulligan et al. 2022). In doing so,
firms may become more aware of their market obstacles (D’Este et al. 2012; Zahler, Goya,
and Caamaiio 2022).

4.4. Additional analysis (robustness tests)

To test the robustness of our findings, we repeat our analysis presented in Tables 8 and 9,
by using an alternative measure of firms’ obstacles to R&I in our matching process. More
specifically, in a similar way to Galia and Legros (2004), we construct a wholly new set of
variables to measure firms’ obstacles to R&I, by means of confirmatory factor analysis
(CFA). Unlike explorative factor analysis, which is typically carried out by means of
Principal Component Analysis (PCA), CFA seeks to ascertain whether the measures used
correspond to the conceptual construct that we aim to measure (Gatignon 2014; Hurley
et al. 1997; Koran 2020). As Mueller and Hancock (2001, p. 1) specifically note, CFA
‘belongs to the family of structural equation modeling techniques that allow for the
investigation of causal relations among latent and observed variables in a priori specified,
theory-derived models’.

In the specific context of our study, CFA permits assessing whether the hampering
factors in Appendix A map out to the headline variables used in our main analysis. To do
this, we estimate the structural theoretical model presented in Appendix E. The results of
this estimation are presented in Appendix F, showing that the sub-obstacles used (as
obtained from the hampering factors in Appendix A), map out to our three main
headline variables. This is because all factor loading coefficients, which indicate the
correlation between the factors and the latent variables, are well above 0.85. This
indicates a high level of correlation between the factors and the headline variables used
(Cheung et al. 2023; Tavakol and Wetzel 2020). Following this, we use the predicted
factor scores for the hampering factors in our matching routines. In other words, we
replace the binary variables measuring firms’ obstacles to R&I as used in our main
matching approach, with seven continuous measures of firms’ hampering factors (all in
natural logarithm)."* Using continuous measures of firms hampering factors to R&I in
2010 improves the quality of our matching process. A limitation of this approach is that
fewer firms can be successfully matched, given the additional precision required in the
matching process.

Column 1 in Table 10 presents the findings obtained with this alternative approach,
when replicating the analysis presented in Table 8 (i.e. measuring whether firms received
any type of public financial support). Columns 2 and 3 do the same for the analysis
presented in Table 9 (i.e. for each type of public financial support instrument). Panel A of
Table 10 shows that the findings obtained with this alternative approach are very similar
to the findings reported in Panel A of Tables 8 and 9. Here, however, we observe two
important differences. The first difference is that the impacts reported in Panel A of
Table 10 are larger, and in some cases more significant, in comparison to the same

Due to the hampering factors in Appendix A, namely, Lack of information on technology and Lack of information on
markets being highly correlated, we combine these two factors into one (i.e. Lack of information on technology and
markets).
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Table 10. Additional analysis with alternative obstacles variables.

Financial R&D Tax R&D Academic-
Panel A Support for R&  Credits Grants  Industry Collab.
Outcome variables (2016) M ) 3) (4)
Financial Ln Total R&D Investments 0.145%** 0.235%**  (.244%** 0.043
(0.054) (0.085) (0.078) (0.078)
Knowledge
Breadth of Cooperation Partners (0 to 4) 0.193** 0.220*%*  0.253** 0.111*
(0.099) (0.113) (0.109) (0.636)
Breadth of Innovation activities (0 to 4) 0.125 0.132 0.376** 0.221
(0.123) (0.206) (0.184) (0.184)
Market Percentage of turnover from new to firm 0.161 0.141 0.559* 0.044
goods and services (0.199) (0.250) (0.300) (0.037)
Percentage of turnover from new to 2.219%* 0.906 3.620%* 1.964
market goods and services (1.161) (1.742) (1.818) (1.745)
Panel B : Outcome variables (2016)
Firms reducing the importance attached to Financial —0.158 -0.069  —0.084 —0.045
Obstacles (1= Yes) (0.636) (0.082)  (0.076) (0.094)
Firms reducing the importance attached to Knowledge 0.017 0.112 —-0.037 —-0.135
Obstacles (1= Yes) (0.064) (0.099) (0.129) (0.123)
Firms reducing the importance attached to Market —0.082 —0.090 0.043 —-0.011
Obstacles (1= Yes) (0.058) (0.082)  (0.095) (0.082)
No. Treated firms 128 42 45 41

Coefficients are Average Treatment Effects (ATE) with robust standard error. *** denotes significance at the 99% level, **
95% level and * 90% level. ATE is obtained by a difference in means test.

findings in Tables 8 and 9 (Panel A). We attribute this to an improvement in the quality
of the matching process. The second difference is that funding for academic-industry
collaborations now appears to have a positive and significant effect on firms’ breadth of
collaborative partners (although only at the 10 percent levels of significance). We
attribute this finding to the sample of treated firms being smaller (due to the additional
matching restrictions) than the sample used for the analysis in Table 9. Upon more
detailed investigation of this issue, we note that the composition of the matched sample is
predominantly comprised of small-sized firms, who did not engage in academic-industry
collaborations before receiving public financial support for R&I. This indicates that
funding for academic-industry collaborations can potentially enable such firms to
expand their breadth of collaborative partners. An investigation of the latter is however,
beyond the scope of the current study. In terms of Panel B of Table 10, our results here
are also very similar to our main findings as reported in Panel B of Tables 8 and 9. Based
on this, we conclude that the results from our additional analysis support the robustness
of our findings of our main approach.

5. Discussion and conclusion

Our paper analysed the impact of public financial support for Research and
Innovation (R&I) on firms’ abilities to address their financial and non-financial
obstacles to R&I. We achieved this by focusing on two key inter-related issues: (1)
The extent to which public financial support for R&I enables firms that face
financial, knowledge and market obstacles, to engage more in R&I; and (2)
Whether public financial support for R&I reduces the importance that firms attach
to such obstacles. Finally, we considered whether different types of public financial
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support for R&I instruments have similar or different effects in this regard. Using
survey data from the Innovation in Irish Enterprises Survey (IIE, formerly
Community Innovation Survey [CIS]), combined with novel administrative data
on public financial support for R&I, our paper connects two highly related bodies
of literature, that heretofore have remained highly separated (Mateut 2018). These
are the literature concerning the effects that public financial support for R&I can
have in firms, and the literature on firms’ obstacles to R&I. By boundary-spanning
these literature strands, our paper sheds light on two issues which remain largely
unexplored in such literatures.

The first issue pertains to identifying potential policy interventions to help firms with
their non-financial obstacles to R&I. The use of public financial support for R&I as a means
of helping firms with their financial obstacles to R&I is well established in the literature
(Busom, Corchuelo, and Martinez-Ros 2014; Carboni 2017; Mateut 2018). To our knowl-
edge, however, this is the first paper to analyse the impact of public financial support for
R&I on the R&I activities of firms facing knowledge and market obstacles. In doing so, our
paper demonstrates that public financial support for R&I can help firms that face financial
obstacles to increase their R&I investments. Importantly, public financial support for R&I
also prompts firms that face knowledge obstacles to engage in R&I activities that enable
them to build R&I capabilities and resources. More specifically, we identified that public
financial support for R&I can help firms that face knowledge related obstacles, to increase
their internal knowledge sourcing activities (Autio, Kanninen, and Gustafsson 2008;
Clarysse, Wright, and Mustar 2009; Yigitcanlar et al. 2019). Moreover, in a similar vein
to Hottenrott and Lopes-Bento (2014) and Antonioli et al. (2017), public financial support
for R&I can enable such firms to increase their breadth of collaborators. In terms of firms
experiencing market obstacles, we find that public financial support for R&I can also enable
such firms to generate higher levels of turnover from innovation (Beck, Lopes-Bento, and
Schenker-Wicki 2016; Hewitt-Dundas and Roper 2010). Finally, based on our results, we
identify R&D grants as the most appropriate form of public financial support for R&I
instrument to achieve these goals. Drawing on earlier studies on this topic, this may be due
to R&D grants enabling firms to perform more R&I activities internally, which they may
not perform without this public financial support for R&I instrument.

The second issue pertains to investigating whether public financial support for R&I
reduces the importance that firms attach to their financial and non-financial obstacles. In
this case, our results suggest that despite amplifying firms’ R&I activities, public financial
support for R&I does not reduce the importance that firms attach to the obstacles they
face. In fact, it may result in firms being more likely to attach a high level of importance to
their market obstacles. We attribute these findings to public financial support for R&I
prompting firms to intensify their R&I activities (Radas and Bozic 2012; D’Este et al.
2014). This is in line with some previous studies, such as those of Galia and Legros
(2004), Hottenrott and Peters (2012), and Lahr and Mina (2021), which propose that as
firms become more innovative, they are more likely to face financial and non-financial
obstacles. We extend these earlier studies, by demonstrating that despite becoming more
innovative, as a result of receiving public financial support for R&I, firms continue to
attach similar levels of importance to their financial and non-financial obstacles.
Therefore, based on our results, public financial support for R&I alone is insufficient
to fully address firms’ financial and non-financial obstacles to R&I.
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The above insights extend previous studies concerned with obstacles to R&I, including
those of D’Este et al. (2012), D’Este et al. (2014), Antonioli et al. (2017), Pellegrino (2018),
and Moraes Silva et al. (2020), which posited that addressing firms’ non-financial
obstacles requires a combination of micro and macro-level policies to target systemic
failures. In addition, they extend the work of Mohnen et al. (2008) and Pellegrino and
Savona (2017), who highlighted that public financial support may not necessarily lead to
more R&I, if firms also face non-financial obstacles. This is because they demonstrate
that firms may be able to develop additional knowledge for R&I and innovating more,
when receiving public support for R&I, regardless of their knowledge and market
obstacles. However, public financial support for R&I alone may be insufficient in terms
reducing the importance that firms attach to their obstacles. Therefore, while important
for helping firms facing financial and non-financial obstacles to engage in R&I activities,
public financial support for R&I is not a silver bullet to fully alleviate such obstacles.

Besides the above, our findings point to a new perspective when interpreting
information on obstacles to R&I, as included in innovation surveys, such as the
Community Innovation Survey (CIS). Previous debates on this topic centred on
whether such obstacles hampered R&I (Pellegrino and Savona 2017), or whether
they indicated firms’ abilities to overcome them (Baldwin and Lin 2002; Tourigny
and Le 2004). In both cases, the arguments were informed by quantitative measures of
firms’ R&I activities, such as firms’ likelihood to innovate, or their innovation
intensity. Our results highlight the importance of focussing on more nuanced mea-
sures of innovation, when analysing obstacles to R&I. While firms may innovate less
when facing obstacles, they may innovate better, by focussing on more radical R&I
activities, with higher commercial value. In other words, obstacles to R&I may
contribute to firms filtering R&I projects that are most beneficial to them (Perez-
Alaniz et al. 2023; Weiss, Hoegl, and Gibbert 2017).

There are some limitations to our paper, which point to opportunities for future
research. Due to the nature of our data (comprising periods of three years), we were
unable to directly test the causal mechanisms through which public financial support for
R&I results in learning effects in firms that faced knowledge and market obstacles. Given
appropriate data availability, future studies might usefully focus on providing additional
insights into this issue. In addition, from our analysis, we could not fully ascertain how
funding for academic-industry collaborations affects firms’ financial and non-financial
obstacles. This could provide a fruitful avenue for future research. Moreover, future
studies might usefully consider the impact of such obstacles on firms’ decisions to
innovate, by considering other issues besides firms’ engagements in innovation, which
we could not do due to data limitations. More specifically, detailed analyses regarding the
relationship between these obstacles and the quality of firms’ innovations would be
beneficial. Finally, it would be interesting for future research to explore the impact of
different R&I policy instrument mixes on firms™ obstacles to R&I. This is an analysis
which our data did not permit, due to a limited number of firms receiving a mix of public
financial support instruments for R&I.

Despite the above, our paper offers important insights for the design and implementa-
tion of more effective innovation policy interventions that address firms’ non-financial
obstacles. This is because it demonstrates that public financial support for R&I can enable
firms to engage in R&I activities that can help them to address their knowledge and
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market obstacles, particularly in the case of R&D grants. Providing firms that face
knowledge and market obstacles with public financial support for R&I can thus enable
them to become better innovators, and improve their ability to deal with future obstacles.
Such insights may be used by academics and policymakers to usefully consider broad-
ening the allocation of public financial supports for R&I to firms facing knowledge and
market obstacles to R&I.
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Appendices

Appendix A. Questions regarding firms’ obstacles to innovation activities
included in 2010 and 2016 IIE survey waves

Panel A: 2010 Survey Wave. Question 7.1 During the three years 2008 to 2010, how important were the following
factors in preventing your enterprise from innovating or in hampering your innovation activities?

High Medium Low  Not important

Cost Factors Lack of funds within your enterprise or group

Lack of finance from sources outside your
enterprise

Innovation costs too high

Lack of qualified personnel
Lack of information on technology

Knowledge Lack of information on markets
Factors

Difficulty in finding cooperation partners for
innovation

Market Factors ~ Market dominated by established enterprise
Uncertain demand for innovative goods or service

Panel B: 2016 Survey Wave Question 9.1 During the three years 2014 to 2016, how important were the following
factors in hampering your innovation activities?

High  Medium Low  Not important

Cost Factors Lack of internal finance for innovation
Lack of credit or private equity
Innovation costs too high
Lack of skilled employees within your enterprise

Knowledge Lack of collaboration partners
Factors

Difficulties in obtaining government grants or
subsidies for innovation

Market Factors ~ Uncertain market demand for your ideas for
innovations

Too much competition in your market

Appendix B. Comparison between full sample of firms in the Innovation in
Irish Enterprises survey with the effective sub-sample used in the analysis

Innovation in Irish Effective
Enterprises Survey 2010  Innovation in Irish Enterprises Sample
(N =3,245) Survey 2016 (N =2,576) (N=1,296)
Variables (N) (%) (N) (%) (N) (%)
Irish Owned firms (Yes = 1) 2,278 70.231 1,570 60.952 919 70.910
Small-sized firms (Yes = 1) 2,216 68.232 1,681 65.269 832 64.211
Medium-sized firms (Yes=1) 802 24.711 726 28.181 366 28.244
Large-sized firms (Yes = 1) 227 7.010 169 6.558 98  7.559
Part of Enterprise Group (Yes = 1) 689 35.682 960 39.272 492 36.223
Sector B (Mining and Quarrying) 30 0.921 25 0.961 14 1.079
Sector C (Manufacturing) 1,138 35.068 933 36.190 483 37.272

(Continued)
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(Continued).

Innovation in Irish Effective
Enterprises Survey 2010  Innovation in Irish Enterprises Sample
(N = 3,245) Survey 2016 (N =2,576) (N=1,296)
Variables (N) (%) (N) (%) (N) (%)
Sector D (Electricity, Gas, etc.) 12 0.371 7 0.291 3 0232
Sector E (Water Supply, etc.) 64 1.966 46 1.831 24 1.845
Sector G (Wholesale and retail) 812 25.010 650 25.231 347 26.768
Sector H (Transport and Storage) 369 11.371 289 11.199 139 10.733
Sector J (Information and Comm.). 314 9.683 247 9.598 124  9.573
Sector K (Financial Services) 352 10.852 223 8.671 98 7.562
Sector M (Scientific and Technical act.) 154 4.745 124 4.823 64 4942
Product Innovation (Yes = 1) 2,226 68.532 1,607 62.382 844 65.196
Process Innovation (Yes = 1) 2,084 64.210 1,600 62.111 787 60.734
Organisational Innovation (Yes = 1) 1,964 60.521 1,638 63.596 731  66.421
Received Public Financial Support for R&I N/A* 329 12.777 150 11.572

Table produced by the authors using data from the IIE survey. * The 2010 IIE survey wave did not include questions
regarding the receipt of public financial support for R&I.

Appendix C. Public financial support for R&l instruments used in the
analysis

Instrument Agency Classification

Panel A

Company R&D Support IDA/EI R&D Grant

R&D innovation IDA R&D Grant

R&D Funding IDA/EI R&D Grant

Panel B

Innovation Voucher IDA/EI Funding for academic-industry collaboration
Innovation Partnerships IDA/EI Funding for academic-industry collaboration
Technical Feasibility/RD&l Feasibility ~ IDA Funding for academic-industry collaboration
Tech centre collaboration IDA/EI Funding for academic-industry collaboration
Technology Gateway El Funding for academic-industry collaboration
Research Centre Award SFI Funding for academic-industry collaboration

Panel C : R&D Tax Credits Irish Revenue Commissioners ~ R&D Tax Credit
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Appendix D. Obstacles to innovation variables

Obstacle Sub-obstacles Heading obstacles (any level)
Financial Obstacles Lack of Internal Funding Financial obstacles = 1 if firms experienced any of these
Lack of Credit obstacles at any level of importance (low = 1, medium
Cost too High =2 and high =3).
Market Obstacles Lack of Qualified Personnel Knowledge obstacles = 1 if a firm experienced any of
Lack of Partners these obstacles at any level of importance (low =1,
medium =2 and high = 3).
Market Obstacles Lack of Demand Lack of demand =1 if a firm experienced a lack of
demand at any level of importance (low = 1, medium
=2 and high =3).

Appendix E. Theoretical model (alternative approach)

Lack of Credit

Cost too High )

Lack of Credit [

Lack Personnel |«— Knowledge

Tech/Markets

Lack Info. [

Lack of Demand 1

Market Dominated,

TITYTYY

Theoretical model visualised through a path diagram describing a structural equation modelling
(SEM) framework. The circles on left hand side represent the errors terms ¢ associated with the factors
(i.e. the sub-obstacles as obtained from the hampering factors in Appendix A). The rectangles
represent the factors, while the elliptical figures represent the three latent variables (i.e. Financial,
Knowledge and Market obstacles). Moreover, the arrows going from the latent variables to the factors
represent the factor loading (i.e. please note that we standardised the factors by assigning the value of
1 to the first factor for each latent variable). Finally, the bi-directional arrows from/to each of the
elliptical figures represent the correlation across the different latent variables.
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Appendix F. Results of confirmatory factor analysis

Financial Knowledge Market Uniqueness
Obstacles Obstacles Obstacles of Variance
Hampering Factors (1) 2) 3) (Var %)
Cost Factors
Lack of funds within your enterprise or group 0.883*** 0.218
(0.008)
Lack of finance from sources outside your 0.857*** 0.232
enterprise (0.009)
Innovation costs too high 0.876*** 0.265
(0.008)
Knowledge Factors
Lack of qualified personnel 0.939%** 0.117
(0.009)
Lack of information on technology and Markets 0.918*** 0.156
(0.007)
Difficulty in finding cooperation partners for 0.900%** 0.188
innovation (0.009)
Market Factors
Market dominated by established enterprise 0.937%*** 0.23
(0.009)
Uncertain demand for innovative goods or 0.877%** 0.196
service (0.008)
Covariance Financial, Knowledge 0.747%%*
(0.015)
Covariance Financial, Market 0.759***
(0.017)
Covariance Knowledge, Market 0.770%**
(0.014)

Model Estimated using a Structural Equation Model (SEM) approach: Likelihood Ratio 73.375 ***. Population Error
(RMSEA) 0.082; PClose = 0.066. Coefficients show factor loading of each of the hampering factors on the latent variables
(Financial, Knowledge and Market). Unique variance pertains to the percentage of unique variable in the latent
variables which are explained by each of the cost factors. Covariance pertains to the covariance between the three
latent variables.
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