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Abstract

This research investigates the impact of R&D and innovation (R&D&I) subsidies on
the innovative inputs and outputs of Polish manufacturing companies. We combine
unique survey data that incorporates a representative sample of Polish manufactur-
ing companies with data on the state aid from the State Aid Data Sharing System
(SUDOP). Our results confirm the positive role of R&D&I subsidies on the likeli-
hood of applying for a patent, filing for intellectual property protection for utility
models, industrial designs, trademark registrations, and the introduction of process
innovations, consistent with the existing literature. However, the results also indi-
cate an insignificant impact of the intervention on firms’ R&D expenditures and
product innovations. The extension of the analysis with the moderating effects of
internal factors that affect the firms’ innovative behavior indicates that the R&D&I
subsidies for exporters lead to the crowding-out effect and for non-exporters gener-
ate additional R&D expenditures and increase the propensity for R&D cooperation.
Furthermore, R&D&I support for enterprises with foreign ownership reduces their
propensity for patent applications and product innovations. In contrast, for benefi-
ciaries with a predominance of domestic capital, it positively impacts many output
variables.
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Introduction

The importance of research, development, and innovation (R&D&I) for medium-
and long-term economic growth and development indicated in the endogenous
growth models (Romer, 1986, 1990); Aghion & Howitt, 1992; Grossman & Help-
man, 1994) has been a significant stimulus to increase the EU R&D&I spend-
ing in the last decade. Such targeting of EU activities can be perceived as an
incentive to switch to an innovation-based strategy in Central and Eastern Euro-
pean Countries (CEECs) that joined the EU in the early twenty-first century. The
investment-based regime adopted by these countries at the beginning of the dem-
ocratic changes contributed to relatively high growth rates and the approaching
the world’s technological frontier (Aghion et al., 2011). However, there is a con-
cern about whether the shift from an investment- to an innovation-based strategy
contributes to catching up with leading economies (Acemoglu et al., 2006). The
sources of the apprehension in this regard are the specific conditions in CEECs
affecting firms’ access, absorption, and creation of new technologies (Veugelers
& Schweiger, 2016; Radosevic, 2017; Klimov4 et al., 2020; Odei et al., 2021).

In the case of Poland, factors that shaped innovation development in the last
30 years were linked to the transformation process characterized by decreasing
R&D employment levels, low R&D expenditure, low and decreasing share of
enterprises in R&D expenditures, and a relatively small number of patent appli-
cations. Furthermore, the new ownership structure of enterprises resulting from
privatization was not favorable to developing R&D activity in Poland. It has led
to a specialization in the lower end of the global value chain (Sulmicki, 2011;
Radosevic, 2017). Despite EU actions shaping Poland’s innovation policy, no sig-
nificant positive changes were seen in this area during the pre-accession period
or the initial period of the EU membership (Sulmicki, 2011). This phenomenon
is explained by the nature of the growth of CEECs, which is based on the inter-
action between domestic R&D and more advanced technology from imported
equipment and inputs (Radosevic, 2017). The CEE countries differ from highly
developed EU countries in the minor importance of R&D for economic growth
and different institutional, innovative, and competitive environments. Therefore,
the question is raised whether a particular emphasis on R&D&I under EU funds
in the 2014-2020 financial perspective could bring the expected results in a coun-
try such as Poland. This paper addresses this question by analyzing the effects of
R&D&I subsidies on Polish manufacturing firms’ innovative input and output.

There is reach literature on the impact of R&D subsidies on firms’ innova-
tive input and output in highly developed countries, as illustrated by surveys of
the empirical studies (David et al., 2000; Becker, 2015; Petrin, 2018) and meta-
analysis (Garcia-Quevedo, 2004; Dimos & Pugh, 2016). However, analogous
research on developing and post-transition countries seem to be scarce. There-
fore, the paper’s primary goal is to contribute to the limited empirical literature
on the effectiveness of R&D and innovation subsidies for private sector R&D&I
projects in a country with an advanced level of systemic transformation using
firm-level data from the manufacturing sector in Poland. The first contribution
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is determining the effects of the R&D&I subsidies on firms’ innovative inputs
and outputs by using the primary data from the manufacturing sector in Poland.
Our second contribution is the extension of the analysis allowing for moderating
effects of internal factors distinguishing Polish manufacturing firms and influenc-
ing their innovative behavior, namely size, exporter/non-exporter status, and for-
eign/domestic ownership.

In the case of Poland, firm-level R&D and innovation data are not available as all
data provided by the Polish statistical office are aggregated. However, the analysis
of the impact of R&D&I support on both the additionality of inputs (R&D expen-
ditures and likelihood of R&D&I cooperation) and of outputs (patent, utility model
applications, industrial designs, trademark applications, product and process inno-
vations) was possible thanks to the access to a unique database created based on
a survey conducted in 2018 on a random sample of 1049 manufacturing firms in
Poland. Furthermore, additional information from the State Aid Data Sharing Sys-
tem (SUDOP) of the Polish Office of Competition and Consumer Protection on
other state aid measures received by interviewed companies and sectoral concentra-
tion data from InfoCredit supplement the survey data. Thus, our study differs from
the only study known to us on the effects of government support for private innova-
tion in Poland (Szczygielski et al., 2016) in terms of the scope of outcome variables,
the analyzed period of the support, and the quantitative methodological strategy.

Our interest in the manufacturing sector is justified by its significant importance
in the Polish economy.'Industrialization in Poland began in the nineteenth century
and continued even in the socialist era, following the Soviet pattern. The systemic
transformation that started in 1989 led to intense industrialization combined with
deep restructuring, contributing significantly to economic growth. Foreign investors,
who made investments based on the size of the Polish market, export orientation
to the EU countries, and relatively low labor costs, made a significant contribution
to the industrialization process. As a result, foreign-owned companies account for
about 40-55% of manufacturing value-added in Poland. Strong export orientation
is another feature of Polish manufacturing, evidenced by a 60% export share in the
value-added created by manufacturing. Despite close ties with Western Europe, the
sector differs considerably from manufacturing in Western Europe. The economic
efficiency of Polish manufacturing is still lower than in southern Europe. It primar-
ily results from basing industrialization on labor-intensive technologies and a small
number of high-performing enterprises (Bukowski & Sniegocki, 2017). Therefore,
Polish enterprises’ efficient use of the R&D&I support may constitute an oppor-
tunity to accelerate the convergence of European manufacturing in volume and
efficiency.

! In 2017, manufacturing generated almost 17% of the value-added and 38% of revenues and incurred
51.7% of outlays on tangible fixed assets of non-financial enterprises in Poland. Enterprises from this
sector accounted for 10.2% of Poland’s total number of non-financial enterprises. Moreover, nearly one-
third of those working in the non-financial sector in 2017 were employed in manufacturing, the sector
with the highest gross financial result per employee in large-sized enterprises (Statistics Poland, 2018a).
Manufacturing is also characterized by a higher share of innovative enterprises (18.5%) compared to ser-
vices (10.4%) (Statistics Poland, 2018b).
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Our study evaluates the intervention impact using Propensity Score Matching
(PSM). Firstly, we investigate the factors determining receiving public R&D&I sup-
port. Secondly, we utilize the PSM method to achieve two “balanced” groups of
companies — treated (e.g., firms that received R&D&I state aid) and non-treated
ones (e.g., firms that did not receive aid). As a result, we obtain the most similar
units in terms of the propensity scores — the function taking into account the char-
acteristics of each unit (company). Finally, the units are matched in their calculated
values of propensity scores.

Our results confirm the positive impact of R&D&I subsidies on the likelihood
of applying for a patent, filing for intellectual property protection for utility models
and industrial design, trademark registration, and the introduction of process inno-
vations in general. The deepening of the analysis indicates moderating impact of
firms’ characteristics, namely size, exporter/non-exporter status, and foreign/domes-
tic ownership, on the effect of R&D&I subsidies. The diverse response to treatment
could lead to substantial changes in the R&D&I policy recommendations in an
economy with advanced systemic transformation like Poland to target potential state
aid to selected groups of companies more precisely.

The paper is organized as follows. The “Public R&D&I Support — Theoretical
and Empirical Approach” section introduces the theoretical and empirical foun-
dation of the research. The other part presents the scope and amount of R&D&I
support enterprises could use during the period under investigation. The “Data and
Methodology” section is devoted to the methodology and description of the dataset.
The “Results of the Analysis” section presents the results of the study. The “Discus-
sion of the Results” and “Conclusion” sections are dedicated to the discussion and
conclusions.

Public R&D&I Support — Theoretical and Empirical Approach

The literature indicates a wide range of market failures justifying public intervention
supporting private R&D. Thus, Nelson (1959), Arrow (1962), Romer (1986), Bloom
et al. (2019), and Antonelli (2020) emphasize the importance of positive external
effects of R&D and incomplete appropriability of knowledge. Bloom et al. (2019)
and other authors (Martin & Scott, 2000; Carboni, 2011) also point to market fail-
ures in real and financial markets that lead to a less than optimal level of research
due to insufficient returns justify the private investment.

Although the market failure approach is a widely recognized rationale for pub-
lic intervention supporting private R&D, it does not provide specific guidelines for
policy design (Metcalfe & Georghiou, 1998). According to Metcalfe and Georghiou
(1998), appropriate innovation policy depends on the situation specifics — the
behavior of individuals and entities beyond the control of the innovation firm; there-
fore, it should be considered a trial-and-error experiment. Hence, considerable
emphasis must be given to policy trials’ evaluation.

The vital issue for evaluation is the additionality of support measures. Well-
targeted public support should induce an additional socially desirable activity that
would not have occurred without intervention. According to Antonelli (2020), a vital
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additionality requirement of R&D public support increases the flow of R&D activi-
ties and the rates of accumulation of the stock of quasi-public knowledge. However,
there is ongoing debate regarding how public R&D support should crowd out or
accelerate the privately financed research of individuals (Martin, 2016).

Innovation policy typically distinguishes three types of additionality: input, out-
put, and behavioral (Georghiou, 2002). For input additionality, the subject of interest
is the impact of public support on the firm’s R&D expenditure. The assumption of
the intervention on R&D input is to encourage the company, through the interven-
tion, to expend additional resources on the targeted activity. This goal may not be
achieved when the company’s R&D expenditure is equal to the R&D&I support,
or the support is allocated to another area of its activity. In the case of the output
additionality evaluation, the output size resulting from the intervention is of inter-
est. Both intermediate achievements (e.g., patents, prototypes, new partnerships)
and innovative outcomes (e.g., new and improved products, processes, or services)
are considered outputs of innovative projects. In contrast, behavioral additionality
occurs when an intervention leads to permanent or persistent changes in firm behav-
ior (e.g., improvements in managerial practices) (Georghiou, 2002).

It should also be noted that the instrument used can shape, to a certain extent,
the expected effects of public support. For example, in the case of public support
for private R&D, two instruments are often applied: tax incentives and direct sub-
sidies. In theory, tax incentives reduce marginal costs and, therefore, may generate
crowding-out effects as they mainly affect the composition of R&D (Hall & Van
Reenen, 2000). In turn, the subsidies increase the marginal rate of return on invest-
ment. Therefore, the additionality effect should be expected due to the usual process
of selecting projects subject to support. Nevertheless, an increase in inelastic R&D
input prices, lobbying, and the desire of public authorities to ensure the success of
public support (picking the winners) are the potential sources of the crowding-out
effects (Hall & Van Reenen, 2000; Chudnovsky et al., 2006).

As Edler and Fagerberg (2017) noted, existing evaluation studies on R&D&I sup-
port show mixed outcomes determined by differences in the context (i.e., depending
on the countries and time of intervention). The feature of enterprises’ innovative activ-
ity in catching-up countries is the orientation on imitation, adoption, and improvement
of existing technologies. Therefore, companies from these countries rarely conduct
formal R&D activities leading to patents and radically new products and processes.
Thus, the characteristic of firms’ innovative activity in catching-up countries may
determine the selection of appropriate support areas and innovative outcomes and
non-fiscal instruments due to financial constraints (Chudnovsky et al., 2006).

Existing empirical literature on evaluating R&D subsidies focuses primarily
on developed countries, as illustrated by surveys of the empirical evidence (David
et al., 2000; Becker, 2015; Petrin, 2018) and meta-analysis (Garcia-Quevedo, 2004;
Dimos & Pugh, 2016). The majority of studies concern the impact of the support
on input additionality, and most of them indicate additive effects of R&D subsidies
on private funding of R&D (Czarnitzki & Fier, 2002; Duguet, 2004; Carboni, 2011;
Czarnitzki & Hussinger, 2004; Czarnitzki & Kraft, 2006; Clausen, 2009).

In the case of firm-level analyses on output additionality, the most commonly
used measure is the number of patents or patent applications (Petrin, 2018). An
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example is the Bronzini and Piselli (2016) research on the effect of the R&D subsidy
program implemented in an Italian region of Emilia-Romagna. The study results
indicate a positive impact of the program on the number of patent applications of
subsidized firms, with a significantly more significant effect for smaller firms than
for larger ones. Czarnitzki and Hussinger’s study (2004) also implies that both the
purely privately financed R&D and stimulated by the subsidy’ additional R&D
expenditure show a positive impact on the patenting behavior of firms. Further-
more, Herrera and Sanchez-Gonzalez’s (2013) research indicates that R&D subsi-
dies granted to small Spanish firms increase sales of products new to the firm. In
contrast, public R&D support of large Spanish firms improves the sales of products
new to the market. Finally, Kim et al.’s (2021) research reveals a positive impact of
government financial support on firm collaboration and firms’ innovation output.

The body of literature on the issue of transition economies and catching-up coun-
tries is somewhat limited. Most of them indicate a positive impact of public R&D
support on innovation input in the form of R&D intensity or R&D expenditure
(Czarnitzki & Licht, 2006; Alecke et al., 2011; Ozgelik & Taymaz, 2008; Radas
et al., 2015; Mardones & Zapata, 2018; Petelski et al., 2020). However, the results of
some studies also revealed the mixed impact of public policy efforts on input addi-
tionality in various forms (Berrutti & Bianchi, 2019; Chudnovsky et al., 2006; Orlic
et al., 2019; Petelski et al., 2020). The outcomes of the analysis by Chudnovsky
et al. (2006) indicate a significant effect of the subsidy on total innovation expend-
iture intensity but not on privately funded spending. Berrutti and Bianchi (2019)
identified the acquisition of embodied knowledge as the only form of input addition-
ality obtained by Uruguayan firms due to R&D public support. The study results by
Petelski et al. (2020) indicate a positive impact of R&D support in Argentina on the
intensity of the technological effort of the beneficiary manufacturing firms but a lack
of the policy’s positive impact on the intensity of R&D employment. The research
outcomes conducted by Radas et al. (2015) imply that R&D subsidies increase R&D
employment in Croatian SMEs. However, Orlic et al. (2019) study results show no
additional treatment effect of R&D subsidies on SMEs’ innovative input (internal or
external R&D) in six Western Balkan countries.

The research results so far also indicate the varied impact of public R&D sup-
port on the innovative output of enterprises in catching-up countries. For exam-
ple, a study carried out by Czarnitzki and Licht (2006) implies that innovation
output (patent applications) additionality is more noticeable in Western Germany
than in Eastern Germany. Another study on the effectiveness of R&D subsidies in
Eastern Germany shows that additionality in the innovation output (patent appli-
cations) holds for the R&D activity of SMEs and especially for microbusinesses
(Alecke et al., 2011). Analysis of the impact of R&D public support on other
forms of innovative output brings mixed results. The results of the estimation of
the subsidies’ effect on innovation outcomes of Argentinian firms by Chudnovsky
et al. (2006) indicate the insignificant effect of the support on sales of new or sig-
nificantly improved products. In turn, research carried out by Radas et al. (2015)
shows a positive effect of public R&D support on the percentage of sales from
innovation and no definite effect on the number of innovations in Croatian SME:s.
Subsidies also make Croatian firms more prone to collaborate with research
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institutions. However, a study conducted by Mardones and Zapata (2018) for
Chilean firms indicates a positive effect of public support on the probability of
having a formal R&D unit and an insignificant effect of the support on product,
service, process, logistics, marketing, and organizational innovations. Moreo-
ver, in the case of SMEs from the six Western Balkan countries, an insignificant
impact of R&D subsidies on innovation output (product and process innovations,
radical innovation, incremental innovation, innovative sales) was observed. The
intervention in this group of countries had a positive effect only on the coopera-
tion activity of SMEs (Orlic et al., 2019).

The only known study concerning the efficiency of government support for
private innovation in Poland, compared to Turkey, implies mixed results of R&D
support (Szczygielski et al., 2016). The comparative analysis of the effects of gov-
ernment innovation aid in both countries is based on data from the 2008 and 2010
Community Innovation Survey (CIS). The results obtained indicate that government
R&D support contributed to better innovation outcomes by firms in Poland and Tur-
key. However, in Poland, the coefficient for EU support was negative in the case of
process innovations and product innovations that are new to the firm and statistically
insignificant for product innovations that are new to the market. According to the
authors, this unexpected outcome might be linked to the support scope- the EU sup-
ports concentration on new machinery and equipment investments.

The review of research on the impact of R&D subsidies on firms’ innovation
input and output presented above indicates that in countries in transition and catch-
ing-up economies, the effects of the intervention are more heterogeneous than in the
case of developed countries. However, a more substantial impact of R&D support
on innovation input can be observed than innovation output. The company size and
ownership, past innovation support, regional issues, and nature of R&D support pro-
grams are perceived as factors differentiating the strength of the intervention effects.

In line with theoretical context and empirical findings, our paper aims to evalu-
ate the impact of support on the innovative inputs and outputs of Polish manufac-
turing firms. The only known study in this area concerning Poland (Szczygielski
et al., 2016) did not include the analysis of the impact of the intervention on the
input additionality; therefore, our first outcome variable is R&D expenditure. The
literature on the subject essentially indicates the positive impact of R&D subsidies
on this variable, and we also expect to obtain such a result. Hence, and taking into
account the continuous nature of this variable, the first hypothesis (H7) addresses
the following:

Hypothesis 1 (H1): Receipt of R&D&I subsidy boosts firms’ additional R&D
expenditures

In the period we analyzed, firms in Poland could benefit from public support for
a wide range of innovative activities; therefore, we extend our analysis to include
the intervention’s impact on the other outcome variable. One of them is a binary
variable — R&D cooperation. Since empirical studies indicate a positive impact of
subsidies on R&D cooperation (Radas et al., 2015), in the second hypothesis (H2),
we assume:
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Hypothesis 2 (H2): Receipt of R&D&I subsidy positively influences firms’ pro-
pensity to R&D cooperation

We also assume a positive impact of the intervention on firms’ innovative per-
formance in the third hypothesis (H3). This concept covers a group of five variables
labeled as innovative output. The first is the patent application variable, a common
research subject on output additionality in developed and catching-up countries.
Moreover, due to the small number of patents held by firms or individuals in Poland
(EBRD, 2014), our study also examines the impact of public R&D&I support on
IP-related activities, such as utility model applications and industrial designs, and
trademark applications. The last two outcome variables — introduction of product
innovations and process innovations — concern technological upgrading, which
are essential drivers of the catching-up process with the technological frontiers for
CEECs (Radosevic, 2017). Therefore, our third hypothesis is as follows:

Hypothesis 3 (H3): Receipt of R&D&I subsidy positively influences firms’ inno-
vative performance indicators

To deepen the analysis in the national context, we extend the analysis of out-
comes with the moderating role of internal factors influencing firms’ innovative
behavior by distinguishing the following enterprises: SMEs and non-SMEs, export-
ers and non-exporters, and foreign capital and domestic capital companies.

Public R&D&I Support in Poland

Our research focuses on R&D&I subsidies in Poland between 2014 and 2017. At
that time, there was a shift in EU funding from capital investment to R&D, as com-
panies began to see the possibilities of the EU’s R&D&I support under the 2014
and 2020 financial perspective. The significant impact of the EU on the priorities of
innovation policy in Poland and its substantial financial support has resulted in a siz-
able increase in R&D state aid in the years 2014-2017 (Fig 1).

However, to fully reflect the range and scale of the increase in R&D&I public
support of Polish enterprises, the above data should be supplemented by information
on the possibilities of firms’ financial support for their activities on R&D and inno-
vation, presented in Table 1. In the context of the data presented in Fig 1, it should
be noted that not all areas of enterprise R&D&I support listed in Table 1 and are
qualified as R&D state aid. For some programs, support under one project may be
divided into three categories of state aid: R&D, regional investment, and de minimis
state aid.

The information in Table 1 shows a broad spectrum of innovation support
activities from EU funds. They include two groups of interventions (Metcalfe
& Georghiou, 1998). The first one induces enterprises to exploit their exist-
ing innovation possibility frontiers by lowering the cost of R&D (via grants
and subsidies). The second group aims to enhance capabilities at innovation
(such as closer connection with the science base, general R&D initiatives,
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Fig. 1 State aid spending in millions of EUR in Poland, at current prices. Source: State Aid Scoreboard,
Country fiche Poland 2018, European Commission, DG Competition, https://ec.europa.eu/competition/
state_aid/scoreboard/index_en.html

collaborative initiatives, and funding for research infrastructure for the sci-
ence sector). The subject of our research is the first group that encompasses an
extensive range of options to support the R&D and innovation activity of enter-
prises. In the EU financial perspective 2014-2020, the enterprises occupied a
key position among the beneficiaries, provided that the support is used to inno-
vate and introduce new products and services. Moreover, the multi-dimensional
support of enterprises’ innovative activities can be assessed positively in the
context of the intense focus on production processes rather than research inno-
vation in catching-up economies (Radosevic, 2017).

It should be noted that compared to the programs implemented under the EU
financial perspective 2007-2013, the amount of EU co-funding has decreased from
80 % to 50% on average (Chybowska et al., 2018). Therefore, the need for greater
involvement of enterprises’ funds may lead to support for projects with a greater
chance of commercial success. Thus, it may eliminate more risky innovative pro-
jects and smaller enterprises, which usually face financial constraints around R&D
funding.

Another feature of the R&D&I public support of Polish enterprises under the EU
financial perspective 2014-2020 was its multi-level nature. Actions could be carried
out at local/regional, national, and supranational levels. However, the multi-level
nature of the support could be a source of problems in the coordination of activi-
ties and lead to their overlapping in determining the impact’s strength. In turn, the
aforementioned multi-dimensional nature of the support could affect the degree of
complexity of the impact (Lewandowska et al., 2018). Therefore, we undertake the
evaluation of the support system for innovative activities of Polish enterprises to
determine whether the unique opportunity has been used.
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Data and Methodology
Data

For our research, we use three data sources. The basic one is survey data obtained
within the framework of the Research Project, “Intensity of competitive rivalry
and innovative behavior of enterprises.” Initially, our goal was to obtain data from
1200 manufacturing enterprises domiciled in Poland in 2018. Therefore, the first
step in constructing the database was drawing 2750 manufacturing firms from
the InfoCredit database (the source of the Orbis data on Polish enterprises). The
sample was representative of the InfoCredit database along with sector (2 digit
industry sector), size (measured by employment), and regional (the location of
the headquarters at NUTS 2 level of voivodships) dimensions. In addition, it con-
sidered the actual distribution of Polish manufacturing firms among specific sec-
tors and according to their size (e.g., distributions of respondents’ answers were
juxtaposed with the data on manufacturing from Statistics Poland, see Figs. 3 and
4 in Appendix). The access to the InfoCredit database also enabled us to calculate
sectoral concentration ratios (e.g., HHI).

In the next step, we obtained survey data from 1049 manufacturing firms
through contact with managers of enterprises and using various methods (due
to the low effectiveness of the CAWI approach). The survey was a substantially
augmented version of the CIS questionnaire, containing detailed information on
the innovation and innovation activity of manufacturing companies from 2015 to
2017. One of the survey results’ features is the detailed data on the sources of
public support for firms’ innovative activity, R&D expenditures and collabora-
tion, patent and utility models’ applications, other innovations (industrial designs
and trademarks), and product and process innovations. Finally, we supplemented
the survey data with additional information from the State Aid Data Sharing Sys-
tem (SUDOP) of the Polish Office of Competition and Consumer Protection on
other state aid measures received in the past by interviewed companies. The data
obtained from SUDOP on the state aid received by the firms also enabled us to
cross-validate the survey data on the treatment variable. While the data on the
dependent variables (data on innovations, patents, etc.) were validated using the
control questions included in the questionnaire. Overall, we obtained completed
and consistent data on 1049 manufacturing firms domiciled in Poland in 2018.

A treatment variable included in the model would be a dummy indicator
state_aid_agg equal to 1 if a company received any public R&D&I support from
the local/regional, national, or EU level from 2015 to 2017 and zero otherwise.
In addition, several covariates are included as the control variables to check for
firms’ heterogeneity. In line with many scholars (see Busom and Ferndndez-Ribas
(2008), Czarnitzki and Fier (2002), Radas et al. (2015), Czarnitzki and Hussinger
(2004), Czarnitzki and Licht (2006), Galende and de la Fuente (2003), Herrera
and Sanchez-Gonzalez (2013)), we consider the following firms’ characteristics
affecting their innovative behavior. The age of the specific company (the log of
a firm age) and its size (a dummy variable indicates whether the firm is SME
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or not) are common indicators of experience, knowledge, and ability to access
the resources required to undertake R&D&I activity. While the export (a dummy
variable indicates whether the firm is an exporter or not) and the foreign capital
(a dummy variable implies whether the firm has a foreign investor or not) vari-
ables represent the firm’s internationalization strategy. The strategy is linked to
the development of firms’ technological capacities and has also been an essential
factor in the development of Polish manufacturing. Another variable represent-
ing the firm strategy is the variable Capital_group (a dummy variable specifying
whether the firm is a part of a larger capital group or not), indicating formal and
financial control over the firm.

On the one hand, such dependencies may discourage firms from undertaking
innovative activities (Galende & de la Fuente, 2003). On the other hand, they may
increase the propensity to apply for and receive public support (Szczygielski et al.,
2016). A variable aid_past (a dummy variable that indicates whether the firm has
received any state aid in 2005-2014 or not) indicates whether the reputation gained
through the public support received in the past increases the chance of receiving
the support now (so-called “Matthew effect” (Merton, 1968, Antonelli & Crespi,
2013). Moreover, we include four dummy sector variables according to NACE Reyv.
2 that implies whether the firm belongs to a low-tech (nace_If), a medium-low-tech
(nace_mlt), a medium-high-tech (nace_mht), or a high-tech manufacturing sector
(nace_ht). The last control variable is the HHI concentration index (a continuous
variable measured at a two-digit industry level corresponding to the NACE classifi-
cation). The market structure is traditionally regarded as an essential determinant of
firms’ innovation activity.

We estimated seven cross-section models following the aims and formulated
hypotheses in the paper. Dependent variables refer to the firm’s innovative input and
output. We consider one continuous variable for R&D expenditures (In_expend_
cum) and 6 dummy variables: an innovative cooperation (cooperation: 1 = if the
company reported having innovative cooperation in 2015-2017; 0 = if the company
has not), patent applications (ip_patent_app: 1 = if the company has applied for
patent; O = if the company has not applied), utility model applications (ip_utility-
model_app: 1 = if the company has applied for utility model; 0 = if the company
has not applied), industrial designs and trademark applications (ip_other_innov_reg:
1 = if the company has registered industrial design or trademark; O = if the company
has not registered), introducing product innovations in general (product_innovation:
1= if the company has introduced a product innovation in the period 2015-2017; 0
= if the company has not) and process innovations (process_innovation: 1 = if the
company has introduced a process innovation in the period 2015-2017; 0 = if the
company has not). Table 2 provides descriptive statistics for the variables, and their
description is presented in the Appendix (Table 9).

Methodology

The methods of estimation of public R&D&I support affecting private R&D cover
numerous types of empirical models, using, e.g., cross-section ordinary least squares
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Table 2 Descriptive statistics

Treated firms Non-treated firms
for treated and non-treated firms

N =108 NV = 94]

Mean Std. dev.  Mean Std. dev.

In_expend_cum 5.211 6.043 4234 5.774
cooperation 0.324 0.470 0.167 0.373
ip_patent_app 0.204 0.405 0.035 0.184
ip_utilitymodel_app  0.213 0411 0.021 0.144
ip_other_innov_reg 0.213 0411 0.101 0.301
product_innovaton 0.444 0.499 0.512 0.500
process_innovation 0.787 0411 0.292 0.455
In_age 2.546 0.986 2.607 0.882
SME 0.759 0.430 0.943 0.233
EXPORTER 0.491 0.502 0.227 0.419
capital_group 0.259 0.440 0.147 0.354
foreign_capital 0.167 0.374 0.090 0.287
nace_lt 0.343 0.477 0.337 0.473
nace_mlt 0.389 0.490 0.452 0.498
nace_mht 0.250 0.435 0.179 0.383
nace_ht 0.019 0.135 0.033 0.179
hhi 205.526  311.244  161.014 131.788
aid_past 0.787 0411 0.775 0.418

Source: Own calculation based on STATA 15

(OLS) (Shrieves, 1978; Higgins & Link, 1981), two-stage least squares (2SLS) and
three-stage least square (3SLS) models (Leyden & Link, 1991), instrumental variables
(Heckman et al., 2006) and panel data analysis with fixed effects (Howe & McFe-
tridge, 1976; Lichtenberg, 1987; Holemans & Sleuwaegen, 1988; Levy, 1990; Busom,
1999). In most cases, private and public R&D complementarity has been proved.
However, an approach based on OLS estimation has been heavily criticized for ignor-
ing endogeneity problems, selection bias in the model construction, and the estimation
phase (David et al., 2000; Klette et al., 2000; Heckman, 2001; Cerulli, 2010).

To tackle potential endogeneity problems, using cross-section data in estimating
results (Holland, 1986), we use non-linear regression and sufficient matching tech-
niques (following Guo et al., 2006).

Firstly, we utilize probabilistic regression. The probit regression is a widely
known and favorable method for analyzing binary outcomes regarding non-normal
data distribution (e.g., the inverse standard normal distribution of the probability is
modeled as a linear combination of predictors). It enables us to calculate the prob-
ability of receiving public support for R&D by firms and examine the relationship
between receiving support and individual characteristics of firms. As a result, we
obtain the values of so-called propensity scores for every company.

In the second step, we use the Propensity Score Matching algorithm to capture the
innovation policy effects (David et al., 2000). Propensity Score Matching (from now
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on: PSM) enables estimation of the effects of public R&D&I support on innovative
inputs and outputs of a company and matching the units (¢reated — companies receiv-
ing support; non-treated — companies without support) with the most similar charac-
teristics — in terms of calculated propensity scores. Matching can be established in
numerous ways: nearest neighbor matching (nn), radius matching, kernel matching,
mahalanobis matching, Etc. (Cerulli, 2015). The most common method is Nearest
Neighbor Matching with a 1-1 assignment, and thus it is implied here. As a result of
the counterfactual analysis, the net effect of the public intervention on treated units is
obtained and is called the average treatment effect on the treated (ATET).

Given the knowledge of X (as the vector of observable control variables), the
function of ATET(X) can be defined as:

ATET(X) = E(Y); — Y|D = 1,X), 1)

where Y,; and Y|;; are the values of outcomes when company i received (1) and not
received (0) subsidy, D is the treatment status, respectively, and finally, ATET(X) is
the net treatment effect calculated within the treated units measured as the average
of the difference in values of outcome variable for treatment status D equal to 1.

The propensity score matching is based on two conditions. Firstly, it relies on the con-
ditional independence assumption (CIA), which means that the process of selecting vari-
ables (characteristics in vector X) refers to observable characteristics only. Moreover, all
variables influencing assignment to the treatment and the outcome Y variable also need
to be observable by the researcher (Caliendo & Kopeinig, 2008). In practice, the first
condition is infeasible to test. The second requirement refers to a common support. It
assumes that every unit has a positive probability of being assigned to treatment:

O0<PD=1|X)<1. 2)

Fulfilling these two requirements is essential to assessing the Average Treat-
ment Effects on the Treated (Rosenbaum & Rubin, 1983). However, the match-
ing results are often ambiguous and significantly different in terms of types of
the data and applied matching technique (Almus & Czarnitzki, 2003; Duguet,
2004, Czarnitzki et al., 2011; Radas et al., 2015).

Thus, regarding the approach used in the study, we conduct a robustness check of our
results. Our motivation is to include all the potential exogenous variables that could affect
the outcomes and have unbiased results simultaneously. Furthermore, the literature states
that the selection and inclusion of several estimators in one study can affirm the robustness
of the results as there is no clear information as to which estimator is the first-best option
among others (Stuart, 2010; Guo & Fraser, 2010). Thus, we utilize the inverse probability
weighting (IPW) estimator to check whether our estimates yield similar results.

Results of the Analysis
Figure 2 presents the distributions of propensity scores before and after the match-

ing procedure using probit regression. The distribution on the left-hand side shows
a significant difference in propensity scores between treated and non-treated units.
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Fig.2 Distribution of propensity scores before and after matching procedure. Source: Own elaboration

After the matching procedure (the distribution on the right-hand side), the distance
in propensity scores between selected units has been minimized because of pairing
treated and non-treated ones with the most similar characteristics efficiently. In other
words, the matching procedure is balanced, and the reduction of bias is up to 99%.
Thus, the analysis of the treatment effects can be examined.

The results of the first step of PSM are presented in Table 3. It includes an analy-
sis of factors influencing the propensity to receive treatment. The main drivers deter-
mining receiving R&D&I support are as follows: being an exporter and having a
foreign investor. Also, operating in medium-high technology sectors increases the
likelihood of obtaining R&D&I support compared to enterprises operating in high-
tech sectors. However, if a company is SME, that fact significantly reduces the prob-
ability of receiving treatment. The variables indicated as factors increasing the like-
lihood of receiving support may also imply the possibility of crowding-out effects
caused by supporting enterprises with strong incentives to undertake innovative
activities, i.e., large firms, exporters, and foreign investors.

Table 4 shows the results of Nearest Neighbor (NN) Matching. The mean differ-
ence for dependent variables is ATET (or ATT) — average treatment effect on treated
units. An interesting insight can be noted by focusing on the impact of treatment
on R&D expenditures. The effect of treatment on R&D spending of R&D&I sup-
port beneficiaries (ATET) is unnoticeable and statistically insignificant. Thus, the
H1I hypothesis cannot be entirely acceptable and should be rejected. Whereas, while
considering the influence of R&D&I support on the probability of a willingness
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Table 3 The first step of matching: probit estimation of factors influencing the propensity to receive a
treatment

Probit regression The number of obs. 1049
LR chi*(10) 77.6
Prob > chi’ 0.0000
Log likelihood = —308.97221 Pseudo R? 0.1116
state_aid_agg Coef. Std. err. z P>z
In_age —-0.076 0.063 -1.210 0.227
SME —0.749%#* 0.184 —4.080 0.000
EXPORTER 0.661%** 0.117 5.650 0.000
foreign_capital 0.344%#%* 0.172 2.000 0.045
capital_group 0.120 0.167 0.720 0.473
nace_lt 0.642 0.415 1.550 0.122
nace_mlt 0.659 0.424 1.550 0.120
nace_mht 0.830%* 0.420 1.970 0.048
hhi 0.001%* 0.000 2.470 0.013
aid_past 0.134 0.145 0.930 0.353
_cons —1.630%#* 0.506 -3.220 0.001

Source: Own calculation based on STATA 15.%**p<0.01, **p<0.05, *p<0.1

to collaborate innovatively, one major conclusion is viable. Beneficiaries are more
likely to be involved in R&D cooperation because of receiving treatment (at the
p<0.10). Thus, due to the low statistical significance level of the result, the H2
hypothesis cannot be proved and accepted.

Regarding the innovative output as a propensity to a patent application, receiving
treatment is positive for subsidized companies. The results for utility model applica-
tions and other innovations (incl. registered industrial designs and trademarks) are
very similar for R&D&I support beneficiaries (ATET). Subsidized firms are more
likely to apply for patents and utility models and are more likely to register indus-
trial designs and trademarks.

However, the impact of receiving treatment on innovative outcomes defined as intro-
ducing product and process innovations is highly ambiguous. According to the results,
receiving an R&D&I subsidy positively affects the likelihood of introducing process
innovations. However, the effect of the support on implementing product innovations is
not apparent. The impact of the treatment on product innovations of subsidized firms is
statistically insignificant. Thus, receiving R&D&I subsidies encourages entrepreneurs to
implement only process innovations. Overall, because of the ambiguity of the results for
innovative output, the H3 hypothesis cannot be entirely accepted.

Robustness Check — Inverse Probability Weights

Before conducting further analysis, we decided to prepare a robustness check of esti-
mated results. As nearest neighbor matching is a commonly used estimator in the
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Table 4 Second step: results of nearest neighbor (NN) matching

Treated firms Non-treated firms
N =108 N = 108
Mean Mean Mean difference
In_AGE 2.545 2.511 0.034
SME 0.757 0.822 —0.065
EXPORTER 0.495 0.579 —0.084
foreign_capital 0.168 0.149 0.019
capital_group 0.261 0.177 0.084
nace_lt 0.345 0.281 0.064
nace_mlt 0.388 0.383 0.005
nace_mht 0.252 0.304 —0.052
hhi 179.190 180.920 —1.730
aid_past 0.794 0.803 -0.009
Propensity score 0.179 0.179 0.000
In_expend_cum 5.184 6.431 —1.247
(0.931)
cooperation 0.327 0.205 0.122%
(0.063)
ip_patent_app 0.205 0.084 0.121%#%%*
(0.050)
ip_utilitymodel_app 0.215 0.037 0.178%sk:*
(0.044)
ip_other_innov_reg 0.214 0.102 0.112%*
(0.054)
product_innovation 0.448 0.523 —-0.075
(0.074)
process_innovation 0.785 0.345 0.4403%%*
(0.067)

Source: Own calculation based on STATA 15. Standard errors in parentheses. ***p<0.01, **p<0.05,
*p<0.1

literature devoted to R&D&I program evaluation (Herrera & Nieto, 2008; Orlic et al.,
2019), the results should be interpreted with caution before the study is supplemented
with other analytical approaches to check for the robustness of results. Hence, we
chose the Inverse Probability Weights (from now on: IPW; or inverse probability of
treatment weighting — IPTW), a powerful approach to estimate treatment effects in pro-
gram evaluation econometrics (Cerulli, 2014). Reweighting on the propensity scores
(based on the IPW) relies on the assumption that the specifications of propensity scores
are correctly estimated, which is validated by the inclusion of significant covariates in
the probit/logit model. Moreover, the IPW estimator can be inconsistent if a function
of explanatory variables does not sufficiently explain the probability of being treated
(Cerulli, 2014).

The comparison of results of ATET, including two estimators (nearest neighbor
matching and inverse probability weights), is shown in Table 5. The average treatment
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Table 5 Robustness check:

. PSM (NN matching) IPW
comparison of ATET for NN ATET ATET
maFchlflg and inverse probability N = 1049 N = 1049
weighting NT =108 N =108

In_expend_cum —1.247 —0.084
(0.931) (0.739)
Cooperation 0.122% 0.089
(0.063) (0.054)
ip_patent_app 0.12]%%* 0.114%*
(0.050) (0.445)
ip_utilitymodel_app 0.178%3#:% 0.148%3#:%
(0.044) (0.043)
ip_other_innov_reg 0.112%* 0.088%**
(0.054) (0.040)
product_innovation -0.075 —(0.175%%*
(0.074) (0.057)
process_innovation 0.440%** 0.394%%:*
(0.067) 0.051)

Source: Own calculation based on STATA 15. Standard errors in
parentheses. ***p<0.01, **p<0.05, *p<0.1

effects on treated units are primarily consistent across estimators. However, considering
the R&D&I inputs, the results of reweighting are not robust with NN matching only
for R&D&I cooperation (in terms of statistical significance). Hence, the H2 hypothesis
should be rejected. Overall, the results for inputs show no additional effects of R&D&I
subsidies on them. However, concerning R&D outputs, the results across estimators
are relatively consistent. Additional effects are revealed for intellectual property rights
(e.g., patent, utility model applications) and process innovations. The result for product
innovation is in line with previous NN matching, however, with more substantial statis-
tical significance (p<0.01), yet indicating decreasing propensity to introduce product
innovation while receiving the public R&D&I support.

Overall, we conclude that our outcomes are consistent across various estimators
regarding the obtained results for NN matching and inverse probability weights. How-
ever, we take a step forward in our analysis using nearest neighbor matching and pre-
pare analysis in a deeper, national context due to the heterogeneity of firms included in
the study.

Analysis of moderating effects of firms’ characteristics in terms of ATET

The identification of factors that increases the probability of receiving R&D&I
support presented in Table 2, as well as the conclusions from the literature review
on possible crowding-out due to selection failure, prompted us to investigate the
moderating effects of internal factors that affect the firms’ innovative behavior.
Among the existing research on the effectiveness of R&D support, there are
examples of such an analysis in which the moderating factor is, e.g., the firms’
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Table 6 Calculation of ATET

ATET for SME ATET for non-SME
for SMEs and non-SMEs N =969 N =80
(N" = 82) (NT =26)
In_expend_cum —-1.297 3.431
(1.013) (2.377)
cooperation 0,246%** —0.058
(0.070) (0.167)
ip_patent_app 0.1237%%%* 0.000
(0.047) (0.124)
ip_utilitymodel_app 0.061%#%* 0.529%:#*
(0.026) (0.165)
ip_other_innov_reg 0.049 0.058
(0.058) (0.059)
product_innovation —0.172%* 0.176
(0.080) (0.220)
process_innovation 0.4327%%* 0.352
(0.072) (0.208)

Source: Own calculation based on STATA 15. Standard errors in
parentheses. ***p<0.01, **p<0.05, *p<0.1

size (Herrera & Sanchez-Gonzalez, 2013), age (Schneider & Veugelers, 2010),
ownership (Wang et al., 2020), location (Czarnitzki & Licht, 2006), and indus-
try’s technology intensity (Albors-Garrigos & Barrera, 2011). Therefore, we split
the sample into SME and large firms (Table 6 presents the ATET results), export-
ers and non-exporters (ATET results in Table 7), and foreign capital and domestic
firms (see Table 8) for our moderating models.

Results differ significantly for each of these categories. To analyze the moder-
ating effect of firm size, we distinguished two groups of enterprises: SMEs and
non-SMEs. There is the following rationale for expecting a different impact of
the intervention on these two groups of enterprises. On the one hand, large enter-
prises are perceived as major actors in technological change and future growth.
On the other hand, SMEs are seen today as a source of change leading to tech-
nological differentiation stimulating growth and development (De Jong & Ver-
meulen, 2006; Orlic et al., 2019). Focusing attention on SMEs is also related to
their dominance in the Polish economy regarding their number and employment
share. Another justification is the visible emphasis of the public R&D&I support
in Poland on SMEs and the possible limitation of the effects of intervention in
this group, which were mentioned earlier. The ATET estimation results indicate
that the R&D&I support does not generate additional R&D expenditure for this
group of enterprises. It is, therefore, possible that the recipient firms would incur
similar R&D expenditures also in the absence of intervention.

On the other hand, the positive effects of the intervention are evident in the case
of the likelihood of R&D cooperation, patent and utility model applications, and
process innovation. Except for the utility model applications, the intervention has
a more significant impact on SMEs than on large enterprises for all these variables.
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Table 7 Calculation of ATET
for exporters and non-exporters

Table 8 Calculation of ATET
for foreign capital vs. domestic

owned companies

Exporter Non-exporter
N =267 N=1782
(NT=53) (NT=55)
In_expend_cum —4,163%%* 4,238%**
(1.441) (1.051)
Cooperation 0.040 0.314%%*
(0.097) (0.083)
ip_patent_app 0.163%* 0.018
(0.087) (0.043)
ip_utilitymodel_app 0.142%%%* 0.185%%**
(0.050) (0.643)
ip_other_innov_reg —0.040 0.370
(0.109) (0.379)
product_innovation —0.183 —-0.055
(0.113) (0.101)
process_innovation 0.347%*%** 0.426%**
(0.108) (0.091)

Source: Own calculation based on STATA 15. Standard errors in

parentheses. ***p<0.01, **p<0.05, *p<0.1

Foreign capital

Domestic capital

N=103 N =946
(NT=18) (NT =90)
In_expend_cum —1.043 —1.266
(2.173) (1.042)
cooperation 0.000 0.139%%*
(0.196) (0.068)
ip_patent_app —0.353#%%* 0.186%**
(0.125) (0.051)
ip_utilitymodel_app —0.352%3#:% 0.22] sk
(0.125) (0.048)
ip_other_innov_reg 0.058 0.093
(0.589) (0.061)
product_innovation —(0.882%:** -0.011
(0.080) (0.083)
process_innovation 0.000 0.476%%*
(0.196) 0.073)

Source: Own calculation based on STATA 15. Standard errors in

parentheses. ***¥p<0.01, **p<0.05, *p<0.1

Only in the case of product innovations is a decrease in the propensity to introduce
them by the supported SMEs. Generally, however, the ATET results obtained for
SME:s are similar to the ATET results for all the enterprises covered by the study,
which might be explained by the significant share of SMEs among the support ben-
eficiaries in our sample (see Table 4).
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The firms’ internationalization through export is the second moderating factor. It
allows us to distinguish two groups of enterprises: exporters and non-exporters. The
moderating role of export is related to its contribution to Polish economic growth,
the export orientation of Polish manufacturing, and exporters’ stronger incentive to
innovate due to competitive pressure on foreign markets, and thus a greater propen-
sity to apply for public R&D&I support (Orlic et al., 2019; Busom & Fernandez-
Ribas, 2008). The division of enterprises subject to the intervention into exporters
and non-exporters resulted in statistically significant differences in ATET for the
R&D expenditure variable (see Table 7). The different direction of the impact of the
R&D&I support in the case of exporters and non-exporters is particularly notice-
able. In the former case, a clear crowding-out is observed, and in the latter case,
the additionality of R&D expenditures. Also, statistically significant ATET for other
variables shows some difference in the intervention’s effects favoring non-exporting
enterprises.

The last moderating factor of the analysis is firms’ ownership, which is the source
of differences among firms in the innovation goals, inputs, and methods (Wang
et al., 2020). The primary rationale behind such a division of our sample is better
management and innovation capabilities, higher skills, and the technological advan-
tage of foreign-owned firms that increase the probability of obtaining public support
(Stojci¢ et al., 2020). Another justification is the significant share of foreign enter-
prises in the firms’ ownership in Polish manufacturing, often due to the privatization
and the low interest of foreign firms in conducting R&D activity in Poland. The
results we have obtained seem to confirm selection failure (see Table 8). All sta-
tistically significant ATET results for enterprises with foreign capital are negative,
which means that the R&D&I support reduces their propensity for patent and utility
model applications and product innovation. On the other hand, the result of R&D&I
supporting enterprises with national ownership is a higher willingness to cooperate,
a higher likelihood of applying for patents and utility models, and the introduction
of process innovation.

Discussion on the Results

The paper’s primary focus is to answer whether increasing stimulation of Pol-
ish manufacturing firms’ innovative activities via R&D&I subsidies achieves the
intended outcomes. Due to the multi-dimensional nature of R&D activities covered
by the support, our attention has been devoted to various innovative input and output
measures at the firm level.

Both for the innovative inputs and innovative outputs, matching estimators only
partially confirmed the adopted hypotheses. In the case of the R&D expenditures
variable, the support has no impact on the R&D expenditures of beneficiaries.
Although these results are somewhat surprising and differ from those obtained for
Eastern Germany (Czarnitzki & Licht, 2006), Turkey (Ozgelik & Taymaz, 2008),
Croatia (Radas et al., 2015), and Argentina (Chudnovsky et al., 2006), they are simi-
lar to those obtained by Orlic et al. (2019) for the Western Balkan countries. This
phenomenon may be explained by the low importance of R&D among drivers of
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innovations in CEECs (Radosevic, 2017), typical for efficiency-driven economies,
based on the absorption of foreign technologies and the creation of efficient mar-
kets (Orlic et al., 2019). The result may also be linked to the necessity to co-finance
the supported activities by enterprises, which reduces their willingness to undertake
R&D activities with high uncertainty of success.

In the case of the second variable representing R&D input, one can notice the
positive impact of the intervention on firms’ cooperation at a low significance level
obtained by PSM and no significant impact in the case of the IPW estimator. The
findings are in line with results from Berrutti and Bianchi (2019) and Kim et al.
(2021) but different from Radas et al. (2015) and Orlic et al. (2019). The results are
somewhat puzzling due to the frequent linking of support under various programs in
Poland with the involvement of beneficiaries in cooperative activities. The explana-
tion for such ambiguous results may be that the variable we use covers the broadly
understood cooperation. Furthermore, the literature shows that the public policy
additionality effect differs depending on the partner (more significant for public-
private partnerships than for cooperation with other businesses) (Orlic et al., 2019;
Busom & Fernandez-Ribas, 2008).

The impact of public R&D&I support on innovative outputs varies depending
on the analyzed outcome variable. As in the Czarnitzki and Licht (2006) study, the
intervention increases beneficiaries’ likelihood of patent application. Furthermore,
the results of our study indicate that R&D&I support increases the likelihood of
applying for utility models and industrial design and trademark registration. Thus,
we can conclude that public R&D&I support beneficiaries are more likely to register
new concepts enriching a level of knowledge. Moreover, public support also accel-
erates process innovations. This fact indicates that public R&D&I support enables
firms to achieve numerous new ideas for production processes and can be a crucial
driver for improving existing technology.

However, the effect of R&D state aid on product innovations (both at the firm
level and market level) and other innovations is highly ambiguous. The treatment
effect for product innovations indicates a possibility for the occurrence of the crowd-
ing-out effect of the intervention. Nevertheless, this result should be interpreted with
caution. As Czarnitzki and Licht (2006) noted, new products are usually introduced
with some delay, usually after completing a given project. Therefore, the interven-
tion effects for this variable appear later than for the variable representing patent or
utility model applications. The results obtained may also indicate a risk aversion
for firms in catching-up economies since they avoid introducing new products and
developing new routines (Stojcic et al., 2020).

Interesting results are obtained from the ATET analysis considering the moderat-
ing effects of internal factors that affect the firms’ innovative behavior. The impact
of the intervention on SMEs is similar to the results obtained for all enterprises that
received R&D&I support. Moreover, a statistically significant ATET is obtained for
the R&D expenditure variable for exporters and non-exporters. The results indicate
that the support of exporters leads to the crowding-out effect. In the case of non-
exporters, it generates additional R&D expenditures and increases the propensity for
R&D cooperation. The moderating effect of ownership shows the positive impact
of the intervention on many analyzed variables (R&D cooperation, patent, utility
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model applications, process innovation) for beneficiaries with a predominance of
domestic capital. In contrast, R&D&I support for enterprises with foreign owner-
ship reduces their propensity for patent applications and product innovations. These
results may indicate public authorities’ desire to ensure public support’s success by
backing enterprises with strong incentives to undertake innovative activities (pick-
ing the winners), leading, however, to the crowding-out effects.

Conclusions

This article is devoted to evaluating public support for firms’ R&D&I in a country
with an advanced level of systemic transformation. Its main objective is to determine
whether the public support for innovative activities of enterprises in Poland, intensi-
fied under the last EU financial perspective, induces an additional treatment effect
concerning innovation inputs and outputs in manufacturing companies in Poland.
We used unique survey data to conduct the study that incorporates a representative
sample of Polish manufacturing firms with data on state aid from the State Aid Data
Sharing System (SUDOP) and sectoral concentration data from InfoCredit. Apply-
ing different matching estimators to identify the causal effect of public R&D&I sub-
sidies, we prove positive treatment effects in numerous outcome variables covered
by previous studies concerning catching-up economies. The additional effect of
R&D&I subsidies is noticeable in the case of process innovations and various forms
of intellectual property protection. These results can be interpreted in the context
of the risk aversion of companies from CEECs indicated in the literature (Hashi &
Stojcic, 2013).

Furthermore, the impact of the intervention is significant on process innovations
and insignificant on product innovations. Therefore, it may indicate actions taken to
improve effectiveness through process innovations (a decrease in unit costs and/or
an increase in the quality of production processes) without extending the range of
products. At the same time, the positive impact of the R&D&I subsidies on various
forms of intellectual property protection may imply the reduction of financial con-
straints limiting firms’ propensity to use these forms of protection.

The analysis results provide additional knowledge on the impact of R&D&I sup-
port on the moderating role of firms’ size, export orientation, and foreign ownership.
It enriches the current state of the art in the context of the state aid efficiency and the
area of the resource dependence theory and the stakeholder theory. Regarding the
efficiency of R&D&I support, one can obtain the “Matthew effect” (Merton, 1968;
Antonelli & Crespi, 2013) — the phenomenon defined as deepening existing dif-
ferences between companies in terms of receiving R&D&I support. However, our
results (i.e., the insignificant coefficient for aid_past) pointed out the absence of the
“Matthew effect,” suggesting the existence of a proper selection of beneficiaries in
this dimension. It means that the beneficiaries of public R&D&I support did not get
a disproportionately greater chance of receiving the support, thanks to the reputation
gained through the public support received in the past.
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On the other hand, the estimated results for distinguished categories indicate a
potential better targeting of the support’s beneficiaries. The results imply the sig-
nificant positive impact of the intervention on the innovative activities of SMEs and
non-exporters, and companies with a predominance of domestic ownership. On the
other hand, the crowding-out effect of the R&D&I subsidies observed in the case of
large firms, exporters, and firms with a predominance of foreign ownership may also
indicate activities in the interest of shareholders rather than stakeholders.

Policy implications

The basic concept of evaluating and justifying public support for enterprises is
additionality. In the case of supporting firms’ innovative activity, the presence of
additionality indicates innovative input and output that would not exist without pub-
lic support. Therefore, one can assume that a wide range of R&D&I public sup-
port in Polish manufacturing firms should generate additional effects in all areas of
firms’ innovative activity. However, the results of our study show that the interven-
tion is not effective in such critical dimensions as R&D expenditures, cooperation,
and product innovations. The cause of this phenomenon may be both the specificity
of the R&D activity of Polish manufacturing firms and the strategy of picking the
winners applied by granting support authorities. Considering the moderating fac-
tors in the conducted analyses makes it possible to indicate a better support direc-
tion. Our study implies that R&D and innovation subsidies are a crucial stimulus
for technological change for non-exporters, firms with the prevalence of domestic
capital, and SMEs in Poland. Targeting the support to the groups of enterprises fac-
ing lower innovative and financial capabilities may be a source of strengthening
their position in their markets and accelerating their development thanks to better
access to financial resources for R&D&I activity and their efficient use. Directing
state aid to these specific enterprises and introducing measures to eliminate bottle-
necks, e.g., education, should enable Poland to move to a higher stage of innovation
development in the coming years. This process should be backed by sufficient insti-
tutional infrastructure, broader availability of financial instruments, and a continu-
ous upward trend in R&D spending. These activities could lead to higher levels of
cooperation with other enterprises in the EU countries, upgrading to a value-added
position within EU value chains, and developing Poland as an outright knowledge-
driven economy.

Limitations of the study

The results of the study point out the directions for further research. Firstly, one
should deepen the research on the selection of beneficiaries. Secondly, available
cross-section data does not allow us to use other counterfactual methods to estimate
innovative outputs (especially product innovations). Therefore, the study could be
enriched with program evaluation targeted at specific inputs and outputs, which is
essential for the design and implementation of innovation policy.
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