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Abstract

The paper analyses the financial indicators of 546 Slovak firms that received support from the
European Structural and Cohesion Funds (ESCF) in the period of 2013-2015. Two support
schemes were analysed: one for innovations (technology transfer) and another for R&D
grants. The research combines data from public and private resources. It applies the differ-
ence-in-differences (DiD) evaluation method along with the propensity score matching (PSM)
technique. The research tests the hypotheses that (i) assistance from the ESCF improved
the economic and innovation performance of the supported firms, and (ii) smaller firms
transformed public support into innovation outputs more efficiently than did large enterprises.
Both hypotheses are confirmed. The finding comes with some reservations concerning the
efficiency of the support, grant-seeking behaviour, and the reliability of output indicators.

Keywords:: Research and Innovation, Firm Performance, Output Additionality, Difference-
in-Differences
JEL Codes: C31; D22; O38.

Introduction

There are many barriers to research and innovation (R&I) in the private sector.
There is substantial uncertainty surrounding future trends in technological and
product development, as well as uncertainty associated with the profitability of
R&I projects (Zemplinerova/Hromadkova, 2012: 498). Some firms understand
the importance of R&I but have to cope with short-term problems such as
genuine credit constraints and/or sudden changes in business cycles.

Public support for private R&I addresses the abovementioned market failures
via direct and indirect support for private firms. Direct support mostly takes the
forms of grants, subsidies and loans. Meanwhile, tax reliefs and tax deductions
are the main forms of indirect support. The ultimate goal of public assistance to
R&I is to improve the competitiveness of companies. Such competitiveness, in
turn, should be reflected in the improved financial and innovation performance
of supported firms (e.g. increase in sales and profitability, development of new
products and services, increase in patenting). The size of public support for
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R&I is considerable. The European Structural and Cohesion Funds (ESCF), for
example, supported firm-oriented R&I with €30,073.82m in the programming
period of 2007-2013/15" (EC, 20202). Evidence on the impact of support upon
improved firm performance, however, is inconclusive. Studies on the effects of
R&I policy interventions often bring contradictory results.

This paper analyses the economic and intellectual property rights (IPR) indica-
tors of 106 research and 440 innovation-intensive Slovak firms that received
support from the ESCF in the period of 2013-2015. The paper combines data
from public and private resources. The difference-in-differences (DiD) evalua-
tion method along with the propensity score matching (PSM) estimation strategy
are applied in order to identify the effects of public support upon firms’ econo-
mic outcomes (sales, assets, value added, equity, and profits) and IPR (patents
and designs) applications.

The novel features of this paper include: (a) relevance — the research evaluates
a substantial part of the total EU assistance to Slovak R&I in the programming
period of 2007-2013; (b) an evaluation of two different schemes — one focused
on R&D and another on innovations; (c) the inclusion of a high number of
economic and IPR indicators for measuring output additionality; and (d) an
analysis of the efficiency and effectiveness of the support (‘value for taxpayer”).

1 Literature review

The literature was identified primarily on the basis of searches on Scopus and
Google Scholar pages for various keywords (e.g. “R&D investment, innovation
support” AND “firm performance/innovation output; efficiency”). Sample sizes
and structures, a target population of firms, and research methods were of
primary interest. Table 1 summarises the findings from some highly cited studies
on public support for R&I and the performance of supported firms.

Literature on the effects of public support upon private R&I falls within three
major areas.

(1) The majority of studies concentrate on R&D rather than on innovation-ori-
ented policy measures. The focus on R&D interventions determined the
choice of performance category. Input additionality (increase in a firm’s
own resources for R&D) has been the prime target of the study. The tradi-
tional stream of evaluation supported the view that public support crowds
out private resources and, therefore, is inefficient (Lokshin/Mohnen, 2013;

1 All contracts concluded in the 20072013 programming period had to finish by 2015.

2 Refers to priority themes ‘Assistance to R&TD, particularly in SMEs’ (€6,085.78m), ‘In-
vestment in firms directly linked to research and innovation’ (€11,319.81m), ‘Other mea-
sures to stimulate research and innovation and entrepreneurship in SMEs’ (€8,322.15m),
and ‘Technology transfers’ (€4,346.08m).
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Wallsten, 2000). More recent meta-analyses pointed to the complexity of
evaluating the effects of public support for R&D and found that public
subsidies are complementary and, thus, ‘add’ to private R&D investment
(Czarnitzki/Lopes-Bento, 2013; Zufiiga-Vicente et al., 2014; Becker, 2015).
Studies on behavioural additionality focus on behavioural changes at the
firm level, such as changes in management and organisation, cooperation
with other R&I actors, and changes in the structure of R&I expenditure
(Afcha, 2011; Wanzenboeck et al., 2013).

Studies on output additionality consider the direct and indirect impacts
of public interventions upon firms’ innovative activities and economic out-
comes. The direct impacts include changes in innovative activities, such
as the production of IPR and/or the introduction of innovative products or
process innovations. Meanwhile, the indirect impacts manifest in increased
sales, profits, employment, etc. Evaluation studies bring contradictory evi-
dence on the effects of public support for R&I upon innovation outputs (Lit-
erature review, Table 1). Some studies found a positive impact on patenting
(Aguiar/Gagnepain, 2017; Azoulay et al., 2019; Bronzini/Piselli, 2016; Cap-
pelen et al., 2012; Kaiser/Kuhn, 2012; Merito et al., 2010), labour produc-
tivity (Aguiar/Gagnepain, 2017), profitability (Bayona-Saey/Garcia-Marco,
2010), sales and employment (Benavente et al., 2007), and the development
of new products (Foreman-Peck, 2012; Hewitt-Dundas/Roper, 2010). Mean-
while, other studies found no effect or a mixed effect on patenting (Cappelen
et al., 2007; Benavente et al., 2007), new products and services (Benavente
et al.,, 2007; Zemplinerova/Hromadkova, 2012), sales, assets, and labour
productivity (Fantino and Cannone, 2013; Hujer/Radi¢, 2005; Kaiser/Kuhn,
2012; Karhunnen/Houvari, 2015; Merito et al., 2010). The abovementioned
meta-analyses and individual evaluations indicate the complex relationship
between public support for private R&I and innovation outputs. The effects
of public support upon output additionality can be moderated by a beneficia-
ry’s size and/or R&I intensity. Some large-scale evaluations, for example,
found that the effects of support are higher for smaller and less productive
firms (Vanino et al., 2019) and for firms with lower R&D intensity (Kvéton/
Horak, 2018; Vanino et al., 2019; Nilsen et al., 2020).

Output additionality received much less attention than did input additionality. A
recent literature review on the impact and effectiveness of governmental support
for R&D and innovation (Petrin, 2018) found 226 studies on input additionality,
albeit only 51 on output additionality. This is rather surprising. The ultimate goal
of public support for R&I is to increase the economic and social benefits of
innovation. Moreover, studies on innovation outputs show substantial variation
in output variables and estimation strategies. The number of patents was the
most common indicator of output additionality. Studies on the increase in value
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added, sales or profits are less common. Relatively few studies analysed several
output variables at once.

Findings on outputs can be moderated using an estimation strategy. The results
of an evaluation can be biased by the type of estimation strategy and the selec-
tion of observable factors for the matching process. The selection of a specific
causal inference method is guided by the task structure and the data availability.
Various estimation strategies were applied in order to analyse the impacts of
the public subsidies upon R&I outputs. DiD with PSM and the Crépon—Duguet—
Mairesse model (CDM model) were the most popular methods, followed by the
regression discontinuity design (RDD) and ordinary least squares (OLS) with
instrumental variables (IV).

Each estimation strategy has its strengths and weaknesses. The CDM model is a
structural model which links R&D and innovation investments to R&I outputs.
Data on innovation investments usually are available for specific samples of
firms, such as those participating in the EU’s Community Innovation Surveys
(CIS). The CDM model, consequently, was adopted by a number of papers using
CIS data (Loof et al., 2017; Cappelen et al., 2012; Zemplinerova/Hromadkova,
2012). The CDM model relies on predefined samples and is less suitable for
the evaluation of specific policy measures. The IV method identifies a causal
effect via the isolation of an exogenous component (instrument) in the treatment
assignment (Hewitt-Dundas/Roper, 2010; Aguiar/Gagnepain, 2017; Azoulay et
al., 2019). The instrument impacts the outcome variable only through the en-
dogenous treatment variable. The relationship between the instrument and the
treatment variable must be meaningful and strong. Meaningful instruments are
not easy to find. The RDD compares two groups that are very similar, except
for the treatment (which happens discontinuously on some cut-oft). The majority
of funding schemes apply scores in order to distinguish supported firms from
unsupported ones (Bronzini/Piselli, 2016). In an ideal situation, data are avail-
able on scores achieved by firms above and below the cut-off. Meanwhile, the
other option is to compare firm performance before and after major changes in
policy rules (e.g. eligibility for R&D tax subsidies; Dechezleprétre et al., 2016).
The RDD is less demanding on data than is DiD, but does not include a control
group.

Recent large-scale meta-analyses of the impact and effectiveness of public sup-
port for R&D and innovation (CLEG, 2015; Petrin, 2018; Kvéton/Horak, 2018;
Vanino et al., 2019) indicate that DiD with PSM became the preferred technique
of evaluation. It enables a more reliable evaluation of the causal effect and ad-
dresses the potential bias associated with the ‘selection on unobservables’. Hu-
jer/Radi¢ (2005: 583) note that ‘the more observable and unobservable factors
one takes into account in order to make treated and control establishments more
comparable, i.e. the better our understanding of the sample selection process,
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the smaller the estimated treatment effect of subsidies on innovations becomes’.
Our literature review seems to confirm this assumption. Studies based on DiD
with PSM generated more conservative results and were more likely to report no
effect or a mixed effect of public support upon innovation outputs.

The literature review indicates a research gap. The majority of studies concen-
trate on input additionality. Output additionality is rather underresearched. Few
studies applied DiD with PSM in order to examine the effects of public support
for R&I upon several output variables. Only one study (Fantino/Cannone, 2013)
targeted the ESCF. Few studies quantify the effectiveness of transforming R&I
inputs into innovation outputs. Furthermore, the effectiveness of the support
(“value for taxpayer’) is rarely discussed in studies on output additionality. We
address the research gap and apply DiD with PSM so as to establish the effects
of the ESCF upon output additionality by Slovak SMEs.

Chapter Two of the paper presents the data sources, the data structure, and
the choice of estimation strategy. Chapter Three presents the key findings on
the effects of assistance from European resources upon the competitiveness of
Slovak firms. Chapter Four discusses the efficiency of public support to R&D
and its ‘value for taxpayer’. The concluding part of the paper briefly summarises
the major findings and discusses some data limitations. The same chapter also
indicates directions for further research.

Table 1: Literature survey on effects of R&lI subsidies upon output additionality — selected

papers.
Authors Research focus Period Sample Estimation Key findings
p method Y. g
’ Industry-oriented .
Aguiar/ . research jointven-  1998- . 2SLS-IV re- ngrease In labour produF—
Gagnepain 961 firms . tivity by, at least, 44.4 % in
(2017) tures supported by 2002 gression the long-term
the FPS5. ’
ltri?igacrtazi ;SE; NIH funding spurs the de-
Azoulayetal in ogn atentin 1980— velopment of private-sector
Y gonp g 14,085 projects  OLS FE, IV patents: a $10 million boost
(2019) by pharmaceutical 2005 ; .
. in NIH funding leads to a
and biotechnology .
firms net increase of 2.7 patents.
dynamic
Bayona- Economic Perfor- 866 firms, of unbal- Participation had a positive
. . mance of firms 1994— : ! anced pan- . .,
Saey/Garcia- articinating in Eu- 2003 which 284 fin ol data influence on firm’s return
Marco (2010) Feka prrc)yjectf Eureka models over assets (ROA).
(GMM)
Effects of R&D Increases in sales, employ-
Benavente et subs@es onin- 1997— 219 treated + DID with mgnt an‘d export.'No sig-
novation perfor- 220 control nificant increase in produc-
al (2007) . 2002 . PSM L . .
mance by Chilean firms tivity, patenting and intro-
firms. duction of new products.
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. Estimation o
Authors Research focus Period Sample method Key findings
Impact of R&D Significant impact on the
Bronzini/ subsidies oninno-  2005— stgtizitggﬁ RDD and number of patents, more
Piselli (2016)  vation by Italian 201 firms DiD markedly in the case of
firms. smaller firms.
Effects of the Nor-
wegian tax cred- Positive effect on new pro-
. CDM and . )
Cappelenet it scheme on the 1999— 1689 firms control duction processed, no sig-
al (2012) likelihood of inno- 2004 ! : nificant effect on new prod-
. function. .
vating and patent- ucts and patenting.
ing.
Effects of change
Deche- in eligibility for 2006— Statistically significant in-
zleprétre et R&D tax subsidies 01 5,888 firms RDD crease in patenting and
al (2016) on R&D spending R&D spending.
and patenting.
Effects of ESCF
) (A) loans and (B) e .
Fantino/ grantsoninnova-  1999—  (A)212;(B)139 DiDwith  osveimpactontangible
Cannone g X investment; mixed or no ef-
tion performance 2008 treated firms.  PSM
(2013) . fect on sales and assets..
by the Italian
SMEs.
Impact of UK state Matching Sypportgd SMEs were more
Foreman- . . 2002— . likely to innovate than un-
Peck (2012) aid upon innova- 2004 10,547 UK SMEs ~ with PSMW, supported comparable en-
tion by SMEs. OlSand IV )
terprises.
Impact of R&l
Hewitt-Dun-  grants on develop- 2002— . IV probit Supported plans developed
das/Roper ment of new prod- 1,681 firms -
Lo 2004 estimation  more new products.
(2010) ucts in Irish manu-
facturing plants.
Effect of public Average treatment effect
Hujer and R&D support on 1997— 492 treated + DID with was insignificant, ef(;ept
Radic (2005) innovative activi- 2001 2222 control PSM for SMEs (weak positive ef-
ties of German firms fect on introduction of new
firms. products and services).
Kaiser/Kuhn  Danish innovation ~ 1990— 217 treated + DiD with Increase in patenting, no
. 173 control effect on value added and
(2012) consortia. 2007 ) PSM o
firms labour productivity.
Karhunnen/ Effgct of R&D sub- 1221 treated + - No significant p05|t|ve‘e'f-

. sidies on labour 2000— DiD with fect on labour productivity
Houvari S 1874 control . ;
(2015) productivity inthe 2012 firms PSM over the five-year period af-

Finnish SMEs. ter a subsidy is granted.
Effect of public R&D support had a higher
Kvéton/ R&D subsidies on 2007— 345 treated + DID with net gffegt on companies op-
Horék (2018) assets, sales and 2014 2596 control PSM erating (i) in regions with
profits of Czech firms lower R&D intensity, and (ii)
firms mid-tech sectors.
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. Estimation o
Authors Research focus Period Sample method Key findings
1,145 R&D
Effects of direct starters + 3,345
Nilsen et al and indirect sup- 2002— R&D/experi-  Dose re- Positive effects on value
(2020) port to R&D on 2013 ences treated  sponse added and employment,
performance of versus 68,930  function but mostly in R&D starters.
Norwegian firms. + 2,954 control
firms
. Effects of R&D 5,662 treated + i Positive effect on the em-
Vanino et al grants on perfor- 2004— 5 662 control DID with lovment and turnover
(2019) mance of British 2016 T PSM ploy
. firms growth
firms
Zem- Major def(erml- 1,069 innovat- S|gn|f!car1‘t|ncrease5|n in-
. . nants of inno- . 4-stage novation inputs, but access
plinerova / . L 2004~ ing +1,002 s -
. . vation activity . CDM mod-  to subsidies has significant,
Hromadkova 2007 non-innovat- T
among Czech com- R el yet negative influence on
(2012) ; ing firms4 ’ .
panies. innovation output.

Notes: 2SLS-IV = two-stage least squares with instrumental variable; CDM model = Crépon—
Duguet—Mairesse model; DiD = difference-in-differences; FE = fixed effects; GMM = gener-
alised moments method; IV = instrumental variable; OLS = ordinary least squares; PSM =
propensity score matching; SF = Structural Funds; SMEs = small and medium-sized enterpris-
es.

2 Data sources, data preparation, and estimation strategy
2.1 Data sources and data preparation
Three major datasets were used to construct the treatment and control groups:

m The first dataset was extracted from the National Strategic Reference Frame-
work (NSRF) database. The database is publicly available (DataCentrum,
2021). The database contains data on all projects supported by the ESCF. We
extracted data on firms and projects receiving support from three operational
programmes: like in other new member countries of the EU (Streimikiené,
2014), the ESCF were the major source of support for R&I in Slovakia.
R&D projects were supported by the Operational Programme Research and
Development (OPRD, Policy Measures 2.2 and 4.2) and the Operational Pro-
gramme Competitiveness and Economic Growth (OPCEG, Policy Measure
1.3). Support was provided via grants for applied research and experimental
development. Some 120 firms received €207.42m in assistance from these
programmes. The innovation grants co-financed technology transfer and
were supported by the OPCEG (Policy Measure 1.1) and the Operational
Programme Bratislava Region (OPBR, Policy Measure 2.1). Some 937 firms
received €495.56m in support from these programmes.

m The second dataset was extracted from the FinStat database. The database is
managed by a private company. It contains data on the annual accounts and
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financial statements of all Slovak Ltd. and PLC-type companies. The authors
purchased access to the database.

m The third dataset on patents and designs was extracted from a database
managed by the Industrial Property Office of the Slovak Republic (IPOSR).
Patents and designs are the most common IPR registered with Slovak com-
panies. The database is publicly available (IPOSR, 2021).

We compared economic and IPR data for the treatment group with data for firms
receiving no support (control group). The NSRF database provided data on firms
in the treatment group. Firms in the control and treatment groups were paired
with firms applying for patents and designs in the period of 2012-2018. The
FinStat and IPOSR databases provided data on output performance variables in
the treatment and control groups.

Historical economic data are not available for the majority of Slovak companies.
The FinStat database includes a sample of 143,701 companies whose annual
accounts are available from 20123. The sample partly overlaps with the list of
120 + 937 Slovak firms receiving R&D and innovation grants. Complete finan-
cial data were available for 40,895 firms in the period of 2012-2018. Supported
firms differed from unsupported ones in several aspects. The vast majority of the
Slovak firms were microenterprises with annual sales well below €1m in 2012.
The median 2012 sales constituted €0.183m for unsupported firms but €1.316m
for firms receiving innovation grants, as well as €2.445m for firms receiving
R&D grants. We excluded companies from the control group with sales below
€0.25m or above €100.0m so as to eliminate the outliers. The support schemes
required that applicants prove their financial health. The applicants had to report
six financial indicators, of which equity and profitability accounted for 88.3 %
of the score. We further excluded firms with negative and/or zero equity from
the FinStat database. Finally, we also excluded telecommunications, utility mo-
nopolies, and all multinational companies from the control sample. The final
donor pool constituted 33,877 firms, of which 106 firms received R&D grants
and 440 firms received innovation grants. A sample of 106 R&D firms received
€189.61m in funding (91.41 % of the total budget of the scheme). Meanwhile, a
sample of 440 innovating firms received €385.86m in funding (77.86 % of the
total budget of the scheme).

We ensured that further analysis would capture the relevant part of the support
schemes, despite extensive data cleaning.

3 Financial data are patchy for the period prior to 2012. We were unable to compute annual
averages for financial data prior to 2012.

216.73.216.60, am 24.01.2026, 12:49:19. ©
Inhatts i i, fiir oder ir

Erlaubnis ist


https://doi.org/10.5771/0949-6181-2022-1-106

n4 Vladimir Balaz, Tomas Jeck

2.2 Estimation strategy

The CDM model and RDD and IV methods have some advantages when data
on control and treatment groups in the pre-treatment and post-treatment periods
are not available. The CDM model was not applicable to this study, as we lacked
data on the R&I inputs. DiD includes a control group and is generally more
robust against confounders than is the RDD. Moreover, we lacked data on the
scores of supported and unsupported firms. This research benefitted from large
datasets of treated and untreated firms. The firm-level data were available for
both the pre- and the post-treatment periods. Therefore, DiD was the prime
choice for the analysis.

DiD attempts to mimic an experimental research design through the use of
observational study data. It calculates the effect of a treatment variable (i.e.
an explanatory or independent variable) upon an outcome (i.e. a response or
dependent variable) by comparing the average change over time in the outcome
variable for the treatment group to the average change over time for the control
group. There is a rather strong assumption that firms in control and treatment
groups do not differ in the most important aspects, such as size, industry sector,
technology intensity, ownership, etc. Such an assumption sometimes is difficult
to prove. Specific industries account for different profit rates, shares of univer-
sity-educated workers and/or research and innovation intensities. There is an
option to use some statistical techniques, such as PSM, and match each agent
from the treatment group with a ‘mirror agent’ from the control group (for
further details on the ‘matching design’, see Pearl (2009)). PSM increases the
comparability of the treatment and control groups in respect of the observable
variables.

We have used the PSM technique to create samples of treated and control
firms. The most important output variables included sales, assets, equity, value
added, profits, and patent and design applications. The development of output
additionality for supported/unsupported firms between the periods of 2012 and
20162018 was compared via the t-test.

2.3 Research hypotheses

Slovak firms supported by the ESCF do not provide data on their past R&I
expenditure. It is therefore impossible to determine whether the Structural Fund
interventions contributed to an increase in business expenditure on R&I.

We investigate the effects of substantial interventions (€575.47m) upon the eco-
nomic and innovation performance of Slovak SMEs. Improved competitiveness
is the ultimate goal of public support for research and innovation. Significant
effects are expected, given the size of the intervention.
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Two hypotheses are proposed:

HI: Assistance from the ESCF improved the economic and innovation perfor-
mance of the supported firms.

H2: Smaller firms (i.e. those with lower assets, sales and equity) improved their
performance more than did larger ones.

2.4 Matching procedure

The DiD method is based on (i) definition of the appropriate time period, (ii)
selection of the appropriate variables, and (iii) construction of the treatment and
control groups.

Time periods

The choice of periods was guided by the spending cycle and the availability of
data on output variables. Two periods were chosen to compare the development
of economic efficiency in the treatment and control groups over time: 2012
(pre-intervention period) and 2016-2018%. The intervention period included the
years 2013-2015. The first calls for innovation and R&D projects were launched
in 2008, but spending was rather slow. The four Policy Measures disbursed
29.8 % of their total budget by the end of 2012. Economic effects from projects
concluded in 2012, for example, appeared in the firms’ 2013 annual accounts.
The period of 2013-2015 is therefore considered the intervention period>.

Output variables

Output additionality is measured via improvement in economic and IPR perfor-
mance. The selection of economic variables reflected their economic importance
and their availability in the FinStat database. The economic variables included
assets, sales equity, value added, and gross operating surplus (profit) (Appendix,
Table 4). The choice of IPR variables was guided by the national economic
and business environment. Slovakia accounts for a low intensity of EPO and
USPTO applications. EPO and USPTO applications are quite expensive and
seldom filled in by Slovak firms. National patent and design applications with
the IPOSR were selected as the IPR variables. Designs are more numerous
and more typical for business-oriented innovations than are patents. We did not

4 Period averages were used to smooth annual fluctuations from 2016 to 2018. As for the
pre-intervention period, data were available only for 2012.

5 The effects of projects supported in the 2007-2013/15 programming period did not inter-
fere with the potential effects of projects supported in the 2014-2020 programming period.
The latter programming period accounted for an even slower spending cycle than that of
the former one. A mere 87 firms were supported with some €56.8m (14.0 % of the R&I
allocations) by the end of 2018.
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include trademarks, as they need not necessarily refer to research and innovation
activities.

Construction of treatment and control groups with PSM

Firms receiving support from the four ESCF schemes may differ from the
non-participating firms. Participating firms are likely to be more technology-
intensive and constitute a higher share of PLC-type companies. If one, for
example, were to compare firms with and without support from the ESCEF,
the comparison would likely generate biased results. PSM was used to create
comparable structures of the treatment and control groups. PSM attempts to
reduce the bias due to confounding variables that could be found in an estimate
of the treatment effect obtained from simply comparing outcomes among units
that have received the treatment and those that have not. What is more, the PSM
method attempts to find a ‘mirror member’ in the control group in relation to
each member in the treatment group. A propensity score allows one to design
and analyse an observational (nonrandomised) study so that it mimics some of
the particular characteristics of a randomised controlled trial.

A standard logit model is used to estimate the propensity scores. The binary
dependent variable denotes whether or not a firm participated in the support
programme. The propensity scores are saved and used for construction of the
treatment and control groups. Caliper matching with the maximum acceptable
distance between propensity scores is applied in order to find the best matching
between members of the treatment and control groups. A tighter caliper reduces
bias and results in closer matches, but some members of the treatment group
could not be matched. Calipers with a width of up to 0.2 of the standard
deviation of the logit of the propensity scores were suggested for the PSM
procedure (Austin, 2011). We had a large control group sample and opted for
tighter matching with a caliper of 0.1.

Propensity scores were tested in two steps. The first step included the most
common control variables for observable characteristics, such as firm age, firm
size, and sector of business (CLEG, 2015: 21). The following variables were
tested for inclusion in the PSM score:

m Firm age. The age was set in years from a firm’s establishment until 2012.
Firm age is a proxy for accumulated knowledge and managerial skills (Wal-
sten, 2000; Merito et al., 2010).

m  Ownership type. Three ownership types were established. Type 1 constituted
domestic ownership, type 2 international ownership, and type 3 foreign own-
ership. Foreign ownership and international ownership are proxies for access
to international tacit knowledge.
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m Legal form. Three forms were established. Form 1 constituted a limited
liability company, form 2 a cooperative, and form 3 a PLC-type or similar
company. Legal form is a proxy for access to financial and human capital.

m Technology intensity. Intensity was defined by the Eurostat indicators of
High-tech industry and Knowledge-intensive services®: level 1 constituted
low-technology manufacturing industries and less knowledge-intensive ser-
vices; level 2 constituted medium-low and medium-high manufacturing in-
dustries, as well as knowledge-intensive services (excluding high-technolo-
gy knowledge-intensive services); and level 3 constituted high-technology
manufacturing industries and high-technology knowledge-intensive services.
Technology intensity was a proxy for a firm’s potential in the production of
IPR.

m Firm size. EU recommendation 2003/61 defines firm size by the amount
of employees and/or turnover. Data on employees were available for the
selected firms only. We used turnover for defining firm size. As with legal
form, firm size was a proxy for access to financial and human capital.

The first (‘naive’) DiD did not generate satisfactory results. Firms in the control
sample accounted for substantial volatility in sales, assets and profits. Standard
deviations of covariates were quite high. The tight caliper of 0.1 was not suffi-
cient to produce balanced samples of treated and untreated firms. DiD with PSM
assumes that different behaviour by treatment and control groups is generated
solely by the policy interventions and/or the observable variables, and there
are no unobservable variables in play. An estimation of causal effects has to
identify variables that affect both selection into treatment and the outcomes of
the intervention. The same firms, for example, may have participated in past
support schemes and/or been patent-active prior to the intervention. Previous
experience with public support may enhance the probability of participation in
the current intervention (Kaiser and Kuhn, 2012: 922). We therefore identify
‘frequent users’ of public support programmes so as to control for the potential
self-selection of firms for the policy intervention. The following variables were
chosen to mitigate the effects of unobservable variables in the second step of the
logit model:

m History of participation in the ESCF schemes developed in the previous pro-
gramming period of 2006-2008. The binary variable denoted participation in
the SOPIS 1.3 DM, SOPIS 1.3 SA and SOPIS 1.4 Policy Measures’;

m History of participation in the FP7 projects (binary variable);

6 Eurostat indicators of High-tech industry and Knowledge-intensive services Annex 3 —
High-tech aggregation by NACE Rev.2.

7 SOPIS stands for Sectoral Operational Programme Industry and Services. The SOPIS 1.3
DM Policy Measure supported small (de minimis) projects on innovation in 2004-2006.
The SOPIS 1.3 SA Policy Measure allocated state aid to R&I projects. The SOPIS 1.4
Policy Measure supported process innovations and technology transfer.
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m History of participation in the national programmes of the Slovak Research
and Development Agency (RDA, binary variable);
m State R&D stimuli awarded in the period of 2009-2012.

The second step of the logit model produced more balanced samples of treated
and untreated firms. In an ideal case there should be no statistically significant
differences between the treatment and control groups in the pre-treatment period
(2012). The supported firms used to have somewhat higher sales, value added,
and profits. Some differences were significant, but some not. As for the IPR
indicators, there were no statistically significant differences between firms in the
treatment and control groups in the pre-treatment periods.

PSM generated a sample of 440 firms in the treatment group and 438 firms in
the control group for innovation grants (Appendix, Table 4). As for the R&D
grants, the treatment group included 106 firms, while the control group consti-
tuted 100 firms. Descriptive statistics on economic indicators (sales, assets,
equity, profits, ROA and ROE) and IPR indicators (patents and designs) are
reported in Appendix, Table 4. The logit model is presented in Appendix, Table
5.

3 Output additionality

The key results for output additionality are presented in Table 2. All indicators
of sales, assets, equity, profits, ROA and ROE, as well as IPR, refer to changes
in the period of 2016-2018 in comparison to 2012.

3.1 Innovation grants

OPCEG Policy Measure 1.1 and OPBR Policy Measure 2.1 supported technol-
ogy transfer and a targeted increase in competitiveness and value added. An
increase in the IPR outputs was a less important target.

The supported firms increased their assets, sales, equity, value added, and
ROA ratio significantly more than did the unsupported ones in 2016-2018 in
comparison to 2012. The finding confirms Hypothesis 1. These increases were
statistically significant on a 0.05 — 0.001 level (Table 2). Firms in the control
group accounted for higher variability in equity and profits. The ROE ratio has a
high standard deviation and is unreliable for the control group.

The supported firms increased the numbers of their patent applications more
than did the unsupported ones. The numbers of design applications decreased for
both supported and unsupported firms. None of these changes in IPR intensity
were significant at the 0.05 level.

8 We experimented with using a tighter caliper (0.05) to match the samples. The tight caliper
substantially reduced the control group.
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3.2 R&D grants

OPCEG Policy Measures 2.2 and 4.2 supported applied and industry-oriented
research. The amount of IPR was the key indicator in output additionality®.

The supported firms accounted for higher absolute increases in sales, equity,
and value added than did the unsupported ones. Differences were statistically
significant at the 0.01 level for sales and value added (Table 2). As for IPR,
average annual numbers of patent and design applications actually decreased
in 2016-2018 (in comparison to 2012) in both the treatment and the control
groups. The difference in the change in patent and design intensity between the
treatment and control groups was not statistically significant.

Literature reviews on output additionality (CLEG, 2015; Petrin, 2018; Vanino
et al., 2019) find that public support matters more to SMEs than to large firms.
The Slovak firms receiving R&D grants were (on average) 2.7 times greater
than firms receiving innovation grants in terms of assets, sales and equity in
2012 (Appendix, Table 4). The supported firms reported relatively lower and
statistically insignificant increases in equity and value added in comparison to
the unsupported ones by 2016-2018. The finding confirms Hypothesis 2.

9 Both policy measures set input additionality indicators, such as new jobs for researchers,
and some behavioural additionality indicators (number of public—private partnerships, in-
troduction of innovation management programmes, and mobility of researchers between
industry and academia sectors). The input and behavioural additionalities are outside of the
scope of this paper.
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4 Discussion
4.1 Efficiency of public support to R&l: firm type and effect size

Efficiency is concerned with doing things in an optimal way, i.e. transforming
inputs into outputs. Vanino et al. (2019: 1716) note that ‘the positive effects
of public R&D support on private R&D investment and innovation do not
necessarily mean that these public programmes enhance productivity and thus
eventually contribute to economic growth’. Our research pointed to the same
conclusions.

Recipients of the Slovak R&I grants had to match the public subsidy with their
own R&I investment. The R&I input additionality, however, did not transfer to
output additionality in terms of enhanced productivity. Values of the ROA and
ROE indicators, in fact, decreased in 2016-2018 in comparison to 2012.

Table 3 compares the transformation of innovation inputs into outputs for two
types of firms: (i) smaller firms with innovation grants, and (ii) larger firms with
R&D grants. Smaller firms transformed innovation inputs with somewhat higher
efficiency than did larger ones, at least in terms of increases in assets, equity and
profits. One euro received via an innovation grant in 2012 was associated with
an increase in sales by 1.11 euros in 2016. One euro received via an R&D grant
increased sales only by 0.79 euros in the same time period. The larger firms
were marginally more efficient only in increasing value added (Table 3).

Our conclusion that larger Slovak firms generally are less efficient in transform-
ing innovation inputs into outputs than are smaller ones resonates with findings
by Zemplinerova and Hromadkova (2012: 498) on Czech firms. Nilsen et al.
(2020: 14) and Vanino et al. (2020: 1732) also point to decreasing returns on
higher support for Norwegian and UK firms respectively.

Table 3: Efficiency of public support: transforming inputs into outputs. Innovation outputs
(euros) per one euro of public support.

Change in variable 2016 ver-

sus 2012 innovation grant R&D grants
sales m 0.79
assets 1.53 0.22
equity 0.37 010
profits -0.02 -0.01
value added 0.49 0.68

Variables significant at the 0.1 level are in bold.

Reported innovation outputs may account for different degrees of reliability.
Supported firms mostly reported better financial health than that of the unsup-
ported ones, both before and after the intervention. Better financial health may
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refer not only to better management but also to strategic planning. The majority
of Slovak firms try to minimise the tax burden via tax optimisation and/or tax
avoidance. The FinStat database indicates that no tax liability claimed 52.3 % of
Slovak firms in 2013. Firms applying for the R&D and innovation grants had to
present their annual accounts to an evaluation committee. Firms deemed to be
financially unstable did not qualify for the support. Some applicants (‘frequent
users’ of public support) may have considered grant seeking to be an alternative
to tax optimisation. Firms supported by the innovation and R&D grants were
more motivated to report profits (and pay some corporate tax) than were the
unsupported ones. Data on profits, and on returns on assets and equity, therefore,
should be observed with greater care than those on sales.

4.2 Effectiveness of public support to R&lI: value for money?

Effectiveness is concerned with performing the right task, completing activities
and providing the desired result. The right task for public support schemes com-
prises improving economic performance and increasing the numbers of valuable
IPR outputs.

The output indicators must be set to the national economic and business context.
An increase in assets need not necessarily relate to higher efficiency. It may
result from simple technology transfer sponsored by public grants. The size
of the intervention was substantial. Median support accounted for 30.10 % of
the 2012 assets of recipients of innovation grants and 43.53 % of the assets of
recipients of R&D grants. The innovation grants supported technology transfer.
New machinery and equipment boosted the total volume of assets!?. The amount
of support raises questions regarding the sources of output additionality. How
much of the increases in sales, assets and equity is due to product, process and
organisational innovation and how much to a simple extension of production
capacity? Our findings correspond to those by Dvoulety et al. (2019: 12). They
found that the increase in tangible fixed assets was the only significant effect of
the Czech credit guarantee programme in the period of 2014-2015.

Some reservations concern the effectiveness of the support. Beneficiaries of
the R&D grants decreased their average annual number of [POSR patent ap-
plications from 15 in 2012 to five in 2016-2018. We consider five national
patent applications supported by R&D grants (€189.61m; €37.92m per patent
application) to be poor value for money. Azoulay et al. (2019: 119), for example,
found that a $10m boost in US NIH funding led to a net increase of 2.7 USPTO
patents. Bronzini and Piselli (2016: 443) showed that one additional EPO patent
application required a grant of between €0.206m and €0.310m to an Italian firm.

10 A breakdown of support into fixed assets and wages was not available for the R&D grant
scheme.
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Furthermore, some reservations may apply to reporting IPR indicators. Patent
and design applications were performance indicators stipulated by the scheme
rules. We are not able to state how many patent and design applications were
reported to satisfy the performance criteria and how many generated genuine
economic and social benefits.

5 Conclusions and directions for further research

The research brought two main findings. Hypothesis 1, i.e. assistance from the
ESCF improved the economic and innovation performance of the supported
firms, was confirmed. Our findings on the effects of the ESCF are in line with
those by Hujer/Radi¢ (2005), Benavente et al. (2007), Fantino and Cannone
(2013) and Butkus et al. (2019). The finding, however, comes with some reser-
vations concerning the efficiency of the support, grant-seeking behaviour, and
the reliability of output indicators. Hypothesis 2 suggested that smaller firms
improved their performance more than did larger ones. The hypothesis was con-
firmed. Our findings are in line with those by Kaiser and Kuhn (2012), Fanti-
no/Cannone (2013), Zemplinerova/Hromadkova (2012), Vanino et al. (2019)
and Nilsen et al. (2020), but come with the same reservations as for Hypothesis
1. Low values of transformation coefficients indicate that the efficiency of the
transformation was rather low. High costs of national patent applications point to
poor value of money. The findings raise doubts as to the overall effectiveness of
public support to R&I in Slovakia.

Our research had some important limitations. Financial data were not available
for all enterprises in the control and treatment groups prior to 2012. It is impos-
sible to state how the availability of data impacted upon the structure of the
control and treatment groups. It can be assumed that the best data were available
for medium-sized and large enterprises with a medium-long or long corporate
history. Such enterprises are likely to have better financial results than those
of small and/or new businesses in both samples. Data constraints limited the
length of the pre-intervention period to one year (2012). The FinStat database
contained incomplete data on employment. We were unable to compute the
effects of ESCF assistance upon labour productivity.

We included a high number of controls in the PSM procedure so as to mitigate
the effects of potential unobservable variables. Some unobservables, however,
may bias the results. The competitiveness of enterprises may be impacted by a
number of factors, such as (1) external factors of sales and costs within specific
industries (e.g. prices of inputs), (2) the quality of management in specific
businesses, (3) the dependence of an enterprise upon regional transportation
infrastructure, and (4) the availability of human resources and other production
inputs within a region and/or international markets.
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Addressing the abovementioned unobservable variables is an obvious direction
for further research. Further research can evaluate the quality of regional trans-
portation infrastructure via its connectivity to the Trans-European Transport
Network (TEN-T). The quality of regional universities may be a proxy for the
availability and quality of human resources.

This research observed changes in output variables in a period three years
after the intervention. Some long-term effects, such as increasing intensity in
patenting, may take more time to develop. Meanwhile, another direction for
further research is to re-examine the economic and financial indicators of treated
and untreated firms after some time. Long-term observations also enable the
separation of short-term effects (increase in economic output) from long-term
ones (increase in IPR activities).

Last but not least, the costs and benefits of public interventions should attract
more attention from researchers. Most research included in the literature review
concentrated on the technical aspects of evaluation, such as sample construction,
estimation strategies, and the statistical significance of output variables. Our
research indicated that it is not enough to show that supported firms accounted
for better performance than did unsupported ones. Future research should be
more concerned with the efficiency of support and the ‘value for taxpayer’.
Another stream of research may address strategic planning, tax optimisation, and
grant-seeking strategies by firms applying for public support. Business strategies
may impact upon self-selection of firms into support schemes and, consequently,
the quality of reported output indicators (e.g. profits, value added or the number
of patent applications).
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