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Abstract. The article evaluates the impact of tax support for R&D on the volume of R&D outputs
generated by companies. The number of patent applications was chosen as the R&D metric for
business output. Both linear dependence using linear regression and non-linear dependence using
decision trees were used within the research. The significance of indirect support in the context of
other sources of funding R&D activities of companies was primarily assessed. The dependence of
the number of patent applications on individual sources of financing of the Business Enterprise
Expenditure on R&D was examined. Even after scaling variables, the research in the period under
review confirmed the strongest dependence between the number of patent applications and the
financial resources provided by the Business enterprise sector for all countries surveyed. Subsequently, the model reduced by the impact of Business enterprise sector resources was created.
Of the three remaining variables considered, the analysis showed the strongest dependence of
the number of patent applications on the amount of indirect support. The research points to the
fact that impact of tax support on the volume of relevant R&D outputs is relatively significant.
Keywords: tax incentives, corporate income tax, support for R&D, indirect support, patent applications, linear regression.
JEL Classification: H25, O32.

Introduction
Our society is currently facing new challenges related to dynamic changes in traditional
ways of creating added value, demographic trends, climate change and social change. These
new challenges need to be addressed by both innovative and research strategies of individual
countries and multinational clusters. For this reason, considerable public and private funds
are spent in support of research and development in all developed countries. The Organization for Economic Co-operation and Development (OECD) published the so-called Frascati manual (hereinafter, FM) in 1963 following an expert meeting in the field of research
and development statistics. This is a document intended for the evaluation of scientific and
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technical activities. It is not only a methodological aid, but also a tool for statistical analysis
and collection of information on realized activities in the area of research, development and
innovation. Research and experimental development (R&D), according to the current version of FM (from 2015), consists of creative and systematic work carried out to increase the
level of knowledge – including knowledge of humanity, culture and society – and to propose
new ways of applying available knowledge. The term R&D includes not only basic applied
research, but also experimental development. In accordance with the requirements of FM,
the criteria of novelty, creativity, systematic character, uncertainty and reproducibility should
be met when creating R&D output.
To support R&D, each country selects appropriate instruments of direct and indirect
support, taking into account a variety of factors. The idea is to accelerate economic growth
and increase the competitiveness of the economy. If direct support is represented by grant
titles usually corresponding to the country’s innovation strategies, then indirect support is
implemented in the corporate environment in the form of tax support. Advantages and disadvantages of direct and indirect support are currently widely discussed by the professional
public and their effectiveness is examined. In recent years, substitution has occurred between
direct and indirect support in a number of countries, and business entities have accentuated the use of indirect support. There are a number of methodological guidelines on how
to assess the effectiveness of the indirect support use, but it is relatively difficult to find an
objective tool for its evaluation or international comparison.
The research focused primarily on the issue of indirect support of R&D activities of
companies. The aim was to find out how significant is the impact of indirect support on
the volume of relevant R&D outputs generated by companies. The impact of other support
instruments (especially investments of companies’ own resources in the area of R&D) was
analyzed. On the basis of a detailed examination of the issue, the number of patent applications was chosen as an adequate metric of R&D outputs. The study was based on data reported by selected economies from around the world and published by the OECD. The model
developed examined the dependence of the number of patent applications on individual
sources of financing of the Business enterprise expenditure on R&D (BERD), including indirect support. Both linear dependence using linear regression and nonlinear dependence
using decision trees were used for our investigation.

1. Literature review
Expenditure on research and development is an important indicator of innovation activity
of companies (Akis, 2015). The importance of innovation for the development of society is
obvious. Schumpeter (1934) not only created this term, but linked innovation creation with
entrepreneurs and economic growth. In his later articles, he accentuates the importance
of large companies with sufficient capital to carry out and finance their own research and
development (Schumpeter, 1954). The hypothesis of linking companies with innovation and
economic growth has been confirmed by a number of authors (e.g. Bronzini & Iachini, 2014;
Pisár et al., 2020) and is now fully respected. At present, the expert polemics focuses more
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on the area of R&D financing and efficiency of use of individual sources. R&D can generally
be financed either from public or private sources (Carboni, 2011).
According to (Griliches, 2000), market failure can be an argument for the need of public
support of private companies. Knowledge (obtained from R&D) shows the characteristics of
public goods and their effect (positive externalities) must be supported for social development (Bloom et al., 2013). Externalities connected with knowledge transfer were identified by
Nelson (1959) in academic research primarily funded from public sources, and later recognized in companies. The failure of the R&D market may also be due to a certain asymmetry
of information between innovators and investors (innovators protect innovation information
and investors cannot properly assess the intended investment) (Edler et al., 2012). Over the
years, arguments for the support of R&D from public sources have been increasing (Lundvall & Borrás, 2009), as R&D is not only isolated in one company, but is influenced by the
state of the economy and the country’s priorities in R&D (Einiö, 2014). However, the use of
public support also carries a risk of failure when distributing it. In order to eliminate these
failures, the EU created a methodological tool for the area of state support (European Union
[EU], 2014) which was also implemented as a recommendation material by the Ministry of
Regional Development of the Czech Republic (2018).
National governments are looking for an optimal mix of instruments to support private
R&D investment. State support for private R&D is provided directly or indirectly (Ernst et al.,
2014). Direct support is provided through grants (for a specific research project). Indirect
support is realized with the help of selected tax incentives (usually in the form of discounts,
exemptions, deductions, accelerated depreciation, or so-called patent boxes) (Westmore,
2013). The advantage of direct government support is its relatively bigger transparency. The
recipient of support, purpose and conditions of granting and, where applicable, enforceability
are clearly identified. According to (Bernanke, 2011), direct government support for R&D is
particularly suitable for large-scale scientific projects with a fixed timeframe and for projects
that are needed but unattractive on the market (Calvino et al., 2016). According to Mohnen
(Lokshin & Mohnen, 2013), direct R&D support is more suitable for companies with limited
access to capital resources. Direct support also allows better control by state authorities and
can be used to maintain R&D even in times of economic recession.
Indirect support for private R&D in the form of tax incentives is broad-based and allows
R&D to be supported across many disciplines and projects by reducing R&D costs for a large
number of companies. Practically every company can obtain indirect support if the specified
conditions are met. It is generally seen as a valuable incentive to realize R&D in small firms
that may have trouble getting subsidies (Neubig et al., 2016). Indirect tax support allows the
distribution of R&D investments more according to the needs of the company (application
in the market, generating profit) however, it may not be fully in line with the innovative
government strategy. A significant disadvantage of indirect support for development research
is also their more complex implementation. The creation of effective indirect tax support for
research and development places higher demands on the sophistication of the whole project
due to the impact on the country’s tax system (Toledano et al., 2016).
Governments of developed countries are increasingly using R&D tax incentives in an effort to eliminate the potential effects of the economic crisis. Thanks to investments in R&D,
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these incentives should support competitiveness, productivity and hence economic growth
of individual countries. R&D tax incentives are used not only by the EU or the US, but also
by many other market economies including Japan, Brazil, China, India and South Africa.
The extent of use of indirect support varies from country to country. In some countries,
tax support is less used because tax incentives are dealt with at federal level, but direct subsidies remain within the competence of regions or local communities (Nauwelaers, 2016). In
several EU countries, tax incentives are not offered at all, however, in these countries there is
a recurring debate on their possible introduction. These are currently Germany, Estonia and
Sweden (Pfeiffer & Spengel, 2017).
Although tax incentives are common in developed countries, they are far from homogeneous, are fundamentally different, and a mix of instruments is mostly used. Most incentives
are based on the corporate tax law, although in some countries these incentives apply to
social security payments or affect payroll taxes. Table 1 below illustrates the group division
of frequencies by type of R&D tax support in the EU.
It is clear from Table 1 that the design of indirect R&D support is based on individual
provisions of corporate income tax, to a lesser extent on other provisions (personal income
tax, or other legislation). The most widely used are tax incentives in the form of an expensebased incentive, and enhanced allowance or the use of patent box is also widespread. R&D
tax incentives are becoming increasingly popular for various reasons, such as their administrative simplicity, neutrality and the provision of fair conditions (Ognyanova, 2017). Although patent boxes are widely used as a tax incentive, some evidence suggests that patent
boxes do not directly influence R&D development (Klemens, 2016), but rather they are used
as a tax optimization tool (Griffith et al., 2014).
In the Czech Republic, only one instrument of indirect R&D support is used in the form
of a deductible item from the tax base pursuant to Section 34 (4) and (5) of Act No. 586/1992
Coll., on Income Taxes (hereinafter ITA). The formulation of indirect public support of R&D
has not been in ITA since its inception. It was only implemented with effect from 1 January
2005. Later partial amendments clarified the conditions for the application of this deduction;
it was defined what can be considered as R&D from the point of view of indirect support (or
a list of expenditures that can be applied as R&D expenditure). In 2014, there were more posTable 1. Design of R&D tax support in the EU – group division of frequencies
(source: author’s own processing, data source Ognyanova, 2017)
Type of R&D tax support
Expense-based

Input-based

Tax
credits

Enhanced
allowance

Accelerated
depreciation

Existing
expense-based

Patent
box

Corporate
income tax

14

15

10

23

13

Type of Personal
tax
income tax

4

3

2

5

3

5

3

1

6

5

Other
legislation
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sibilities to include research and development costs into a group of eligible costs in the Czech
Republic. Since then, the law has also allowed to include the costs of services and intangible
results of research and development which are acquired from a public university or research
organization and are related to the implementation of the R&D project.
Although R&D intensity in the Czech Republic is still slightly below the European Union
average (Eurostat, 2019), Czech R&D expenditures are growing and the use of indirect support in the form of tax relief has been gradually increasing in the past. A turning point
occurred in 2016 when the use of this tool decreased according to information from the
Czech Statistical Office (2019). This was due to an increase in the uncertainty of companies
in relation to the assessment of tax deductions by financial or other authorities. There were
frequent uncertainties and penalties on the part of the supervisory body when checking
the use of this deduction. Delloite (2018) the improvement should be brought about by the
amendment of the partial legislative provisions of April 2019 (ITA).
The use of indirect R&D support in the economic environment of individual countries
generates certain positives and negatives (as well as any other R&D support) (Drabkova,
2017). The advantages may be easier use of the indirect incentive for the company, lower
administrative costs. The private sector can decide what is the most productive way to incent, the risk of problematic tendering is eliminated. The disadvantage is, on the other hand,
worse control of the use of funds, support for projects with a low innovation value, indirect
link to the country’s innovation strategies, Risk of firms relabeling other activities as R&D
(Köhler et al., 2012).
Different design elements of private research tax support make the generosity of this support significantly different from one OECD country to another. The so-called B-index is used
for international comparison of this support (Warda, 2001). Although it is a useful analytical
and benchmarking tool, it should be noted that the calculation of this index is based on a
number of methodological assumptions (OECD, 2013). The B-index is calculated as:
B-index = (1 – A)/(1 – T).

(1)

In this expression, T is the corporate tax rate and A is the combined net present value
of allowances and credits applying to R&D outlays. Thus, the B-index expresses the present
value of pre-tax revenue required to cover initial R&D investment and corporate income tax
payments in order to make it profitable to realize this R&D. The lower the B-index value, the
more generous the country has indirect tax support for R&D. A level 1 B-index means that
the tax system is neutral to the support of R&D. In the long run, Spain has had the lowest
indicator from the OECD countries (Guellec & van Pottelsberghe de la Potterie, 2003).
The importance and effect of tax support is currently being discussed by the general public. The vast majority of empirical studies confirms that tax incentives are effective for stimulating business R&D expenditure. Ernst and Spengel (2011) came to the same conclusion. The
effectiveness of these incentives is influenced by the overall design and their implementation
in the economic environment (Castellacci & Lie, 2015). There is a general consensus among
experts that efficient management of the use of tax incentives, together with their optimal
settings, can support the achievement of strategic R&D objectives and innovation processes
in a particular country.
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An important indicator of the effectiveness of the use of tax support (or other financial
resources spent on R&D support) is the number of patents, or the number of patent applications. A high correlation between the number of patents and R&D performance has been
proved de Rassenfosse and van Pottelsberghe de la Potterie (2011). According to an OECD
study (Skeie et al., 2017) the number of patent applications (as opposed to the number of
patents) has higher informative value. The number of patents does not reflect all research, innovative or financial efforts since many R&D outputs do not successfully complete the patent
process for various reasons. Using the number of patents or patent applications is associated
with certain risks and inaccuracies. In many countries, the number of patents and patent
applications is more or less influenced by patent offshoring (these are mainly small open
economies with a relatively high share of foreign capital). For example, the Czech Republic has
been showing a patent offshoring rate of about 20% in recent years with an increasing trend
Technology Agency of the Czech Republic (2019). By contrast, economies such as Germany
show an offshoring rate of around 7% in patent activity. According to an OECD study (Skeie
et al., 2017), the territorial placement of patent activity is also affected by the different tax burden and the level of fees for handling intellectual property. Despite the above risks, however,
the number of patents, or the number of patent applications, is considered to be a suitable statistical indicator of the scientific and research activities of individual subjects (OECD, 2009).

2. Methodology
The aim of the research was to find out whether indirect support of R&D has a significant
impact on the volume of outputs generated by R&D activities of companies, by identifying
the dependence of the number of patent applications on the sources of R&D financing of
business activities. The number of patent applications was chosen as a measure of outputs.
The data reported by economies and published by OECD were used for further research and
investigation. These data guarantee the possibility of international comparisons as the surveys
in individual economies respect the OECD methodological principles set out in the Frascati
Manual (OECD, 2015) and Commission Implementing Regulation (EU) No. 995/2012 of 26
October 2012. In particular, the Tax Support database for R&D and Innovation was utilized.
It was created in November 2018 and integrated into OECD Corporate Tax Statistics. This
database contains up-to-date estimates of government tax relief for R&D tax expenditure in
selected economies since 2000. In our research, data for the period of 2000–2016 were used,
although for some economies data for 2017 and 2018 are also available; however, for many
economies these data are still missing (August 2019). These were the data of 36 economies
from around the world (25 European economies, as well as the USA, Canada, Australia,
Japan and others) for which an internationally comparable time series of data was available.
The study examined the dependence of the number of patent applications on individual
sources of funding for the Business Enterprise Expenditure on R&D (BERD). BERD funding
sources have been classified in compliance with the Frascati Manual 2015 according to the
sector where the funds originate:
– Business enterprise sector which includes, inter alia, R&D tax incentives;
– Government sector which is the provider of direct support of R&D;
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– Higer education sector;
– Private non-profit sector;
– Rest of World. Within this category of financial resources, EU institutions and other
bodies are a major provider of capital for EU businesses.
The research focused on resources provided by the Business enterprise sector, resources
provided by the Government sector (direct support of R&D) and Rest of world. The amount
of funding from the Higher education sector and the Private non-profit sector is insignificant
to our research. For the research purposes, the reported data on the amount of financial
resources spent on R&D in the Business enterprise sector were adjusted for the amount of
indirect R&D support, which was monitored separately. Furthermore, in the article the term
“resources provided / spent by the Business enterprise sector” means these resources adjusted
for indirect R&D support.
The dependence of the number of patent applications on the sources of R&D financing
of business activities was investigated both by linear method, using linear regression, and
non-linear method, for which decision trees were used. For these purposes, the time series
of the number of patent applications was postponed (delayed) by 3 years compared to the
time when the financial resources were spent on financing R&D activities. The three-year
shift was chosen with respect to the length of the procedure for obtaining a patent. According
to information from the Industrial Property Office of the Czech Republic and the European
Patent Organization, it ranges from the moment of filing the application to obtaining a patent
of about 3 years minimum.
Indisputable advantage of the regression models used in the investigation of the abovedescribed dependencies for this analysis is the ability to capture dependencies between variables and the strength of these dependencies regardless of their scale. Two models were used
to determine the degree of dependency between the various sources of BERD funding and
the number of patent applications: linear regression (to capture linear dependence) and decision tree (to capture possible other types of dependencies).

3. Empirical results and discussion
According to the methodology described above, a matrix showing correlations between individual variables was elaborated, see Table 2.
Table 2. Matrices showing correlations between individual variables
Index
Tax incentives

Indirect
support

Governmet
sector

Business
enterprise sector

Rest of
Word

Number of patent
applications

1

0.602

0.792

0.527

0.717

Government sector

0.602

1

0.719

0.744

0.589

Business enterprise
sector

0.792

0.719

1

0.472

0.950

Rest of word

0.527

0.744

0.472

1

0.412

Number of patent
applications

0.717

0.589

0.950

0.412

1
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It can be seen from the correlations found that the strongest linear dependency (when
considering the individual sources of BERD funding only) is between the number of patent applications and the resources provided by the Business enterprise sector. However, all
considered sources of BERD funding show a high positive correlation with the number of
patent applications. For the performed analysis, all assessed types of BERD funding sources
were transformed into the same scale. For this, the most commonly used Standard Scaler was
used, that is scaling to zero mean and unit variance; thus, the corresponding variable Y as
Y = (X – m)/s2 was created from variable X, where m is the mean of X and s2 is its variance.
Regression approaches were also used to determine which of the BERD funding sources most
affected the number of patent applications in combination with others. For linear regression,
the equation has the following form
Y = b0 + b1I + b2D + b3B + b4W,

(2)

where: the letters bi denote linear regression coefficients, I denotes the indirect support variable, D direct support, B business enterprise sector, and W Rest of World. The degree of
dependence in a model is determined in two ways: based on the coefficient of determination and the significance of variables. For linear regression, the significance of the variables
was tested by default using the t-test with the null hypothesis H0: bi = 0. The significance
was then determined using the p-values of this test. For p-val < α, the null hypothesis at the
significance level α is rejected (5% significance level was used). The results of the t-test are
presented in Table 3.
It follows from Table 3 that for all tested variables (at the significance level α = 0.1) the
null hypothesis that the relevant coefficient is zero based on p-values was rejected. Thus, all
variables appear to be statistically significant. Note: at the level of α = 0.05, the Rest of World
variable can be described as insignificant.
For the decision tree, the feature importance was used to determine the significance,
which was calculated for the given variable as I = G – Gleft – Gright, where G is the gini criterion value in the parent node, Gleft and Gright are gini criterion values after the distribution.
Significance by the coefficient of determination was calculated as Vi = 1 – Ri, where Ri is
the coefficient of model determination where the i-th variable is omitted. The results of the
decision tree method are presented in Table 4.
It is clear from Table 4 that the strongest dependence appears between the number of
patent applications and the resources of the Business enterprise sector. Due to p-values and
feature importance, this dependency is significantly more dominant than others. However, it
is apparent from the results obtained from the coefficients of determination that all combinations of models (i.e. omitting one of the variables) have great predictive power.
Table 3. Linear regression – t-test results (source: author’s own; scikit-learn library for Python 3.6;
linear_model.linearRegression)
Variable i
p-value
Significance Vi

Indirect support Government sector Business enterprise sector Rest of World
4.930718e-21

7.508111e-12

1.821603e-72

7.087606e-02

0.0223

0.0278

0.1311

0.0228
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Table 4. Decision tree – results (source: author’s own; scikit-learn library for Python 3.6; linear_model.
linearRegression)
Variable i

Indirect
support

Government
sector

Business
enterprise sector

Rest
of World

Feat. importance

0.0106

0.0409

0.9156

0.0326

Significance Vi

0.00247

0.0031

0.0097

0.0039

Number of patent applications

The linear dependence between the number of patent applications and Business enterprise sector resources is also demonstrated in Figure 1.
The above-mentioned strong dependence of the number of patent applications on the
amount of resources of the Business enterprise sector can be seen from Figure 1. The following Figure 2 shows its structure for a more trained decision tree.
In Figure 2, the variables X [0], X [1], X [2], X [3] indicate one after another direct support, indirect support, Business enterprise sector and Rest of World. The first and second
layer are all given only by the variable “Business enterprise sector”. In the third layer, the
indirect support variable is already reflected. The influence of the remaining variables is
captured in the fourth layer of the decision tree.
The next step of the research was to create a model reduced by the impact of Business
enterprise sector resources. The significance of each variable was evaluated in the same way;
i.e. using linear regression and decision trees. The graphical result of linear regression is
shown in Figure 3.
Figure 3 shows the visual relationship between the number of patent applications and
indirect support. As it can be seen, the linear dependence is visibly weaker than in the Business enterprise sector.
Analogous procedures of the complete model were used to construct the decision tree of
the reduced model. The results of the decision tree method are presented in Table 5.
From the results of the reduced model (see Table 5) it is clear that indirect support is the
most significant in all tests compared to the remaining variables.

60000
50000
40000
30000
20000
10000
0
5
4
0
1
2
3
6
Sources provided by business enterprise sector at current PPP $ (US dollar, millions)

Figure 1. The linear dependence between the number of patent applications
and business enterprise sector resources

M. Cernikova, S. Hyblerova. Tax support evaluation for R&D activities of companies

Figure 2. Structure of a more trained decision tree
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Figure 3. Visual dependence between the number of patent applications and indirect support
Table 5. Decision tree – results of the reduced model (source: author’s own; scikit-learn library for
Python 3.6; linear_model.linearRegression)
Variable

Indirect support

Government sector

Rest of World

Feature importance

0.4373

0.3839

0.1787

Variable Vi

0.5030

0.3535

0.1434

Research in the period under review confirms (even after the scaling of variables) for all
countries surveyed a significant dependence between the number of patent applications and
the financial resources of the Business enterprise sector. The significance of other variables
(or sources of funding for R&D activities) was evaluated in the reduced model in the same
way; i.e. using linear regression and decision trees. Of the three variables considered (indirect support, direct support and Rest of World resources), this analysis showed the strongest
dependence of the number of patent applications on the amount of indirect support. The
significance of the amount of direct support is significantly lower compared to indirect support. The financial resources provided by Rest of World are insignificant in relation to the
number of patent applications.
To sum up, the impact of indirect support (or tax incentives) on the volume of relevant
R&D outputs is relatively significant. This is largely supported by the relatively easy possibility of receiving this type of support. Indirect support has a wide use, it is relatively administratively simple and every company is highly likely to obtain it if the legal conditions are
met. This type of support is attractive for small start-ups and truly innovative companies, for
which it is quite problematic to get direct support in the form of a subsidy title in the tough
competition of larger companies. Indirect support can also be an interesting tool for high-risk
R&D projects with high potential. Due to the high risk, these projects make it hardly possible to obtain external resources. Indirect support is a part of internal corporate resources
and is therefore usable for funding R&D activities regardless of the level of risk. The weaker
linear dependence of indirect support and patent applications is due to a number of factors,
some of which have been discussed in the literature review. If the conditions for obtaining
a specific tax incentive are not set up optimally, or if the management of the use of these
incentives does not work effectively enough, the motivation of companies to R&D activities
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is significantly reduced. Indirect support then serves only as a tool for tax optimization and
does not help generate the outputs required by the government’s innovation strategies.
Although our study worked with certain limitations defined above, it can be stated that
our outputs reflect the current knowledge and experience of researchers from European
countries. Current research from various EU countries shows that the setting of direct and
indirect R&D support must be done very sensitively. Using both supports at the same time
may not bring higher benefits. According to recent research, Dumont’s (2019) indirect incentives contribute relatively significantly to stimulating private investment in R&D. It is very
difficult to set a R&D support policy so that it actually leads to the implementation of R&D
projects and does not only serve for tax optimization (Czarnitzki & Hussinger, 2018). It is
necessary to continuously evaluate the effectiveness of these policies (Basto et al., 2021) and
to support R&D activities in the corporate sphere by a mix of policy instruments (Nilsen
et al., 2020).

Conclusions
Research, development and innovation have traditionally been important sources of economic growth, improving living standards and competitiveness. Developed countries around
the world invest considerable resources in the area of R&D. To support research activities,
each country implements a mix of tools in the economic environment that help realize the
goals set by national innovation strategies and accelerate economic growth. Business entities
finance R&D activities from their sources or use direct and indirect support instruments.
The pros and cons of these subsidies are widely discussed by experts, and their effectiveness
is also examined. The carried out research was focused primarily on indirect support. This
support is provided in virtually all developed countries in the form of tax incentives, whether
in the form of an expense-based incentive, enhanced allowance, or a patent box. The aim
of the research was to determine the extent of the effect of indirect support on the volume
of R&D outputs generated by companies using statistical models. The number of patent applications was chosen as a relevant indicator of R&D volume. The research has shown that
enterprise resources are the most important generator of R&D outputs in terms of patent
applications. When this variable is eliminated, indirect support is evaluated as a source of
R&D funding with the potential of relevant outputs. The findings correspond to the current
state of knowledge. From our outputs and the discussion of the current authors, it is clear that
if the system of indirect support is optimally implemented in the economic environment and
the management of the system works effectively, the indirect support tools show a relatively
high potential for supporting research and innovation activities of companies in accordance
with the society-wide strategy.
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