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ABSTRACT

EFFECTIVENESS OF R&D TAX INCENTIVES IN TURKEY

TAS, Ekin
M.S., The Department of Economics
Supervisor: Prof. Dr. Erkan ERDIL

July 2021, 134 pages

The aim of this study is to investigate the effectiveness of research and development
(R&D) tax incentives in generating additional business R&D expenditures in Turkey
by applying propensity score matching (PSM) to correct any selection bias and to
estimate the average treatment effect on the treated (ATT). For this purpose, the
hypothesis that “R&D tax incentives increase business sector R&D intensity (the ratio
of firm’s net R&D expenditures to total turnover)” is tested and the effectiveness of
R&D tax incentives is examined in the context of input additionality. The questions of
whether R&D tax incentives are effective in increasing business sector R&D intensity
and to what extent R&D tax incentives produce additional R&D intensity are
answered. According to the results, R&D tax incentives have a positive effect on
business sector R&D intensity. However, the effect is limited since the R&D tax

incentive multiplier is between 0 and 1.

Keywords: Impact analysis, additionality, propensity score matching, R&D tax

incentives, R&D tax incentive multiplier
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TURKIYE’DE AR-GE VERGI TESVIKLERININ ETKINLIGI

TAS, Ekin
Yiiksek Lisans, Tktisat Bolimii

Tez Yoneticisi: Prof. Dr. Erkan ERDIL

Temmuz 2021, 134 sayfa

Bu ¢aligmanin amaci, Tiirkiye’de arastirma ve gelistirme (Ar-Ge) vergi tesviklerinin
etkinligini se¢cim yanliligini diizelten ve tesvikten yararlananlar iizerindeki ortalama
etkiyi (ATT) tahmin etmeyi saglayan egilim skoru eslestirmesi (PSM) yontemiyle
arastirmaktir. Bu amagla, Ar-Ge vergi tesviklerinin 6zel sektoriin Ar-Ge yogunlugunu
(firmanin net Ar-Ge harcamalarinin toplam ciroya orani) artirdig1 hipotezi test edilmis
ve Ar-Ge vergi tesviklerinin etkinligi girdi katkisallig1 ¢cer¢evesinde incelenmistir. Ar-
Ge vergi tegviklerinin 6zel sektdriin Ar-Ge yogunlugunu artirmada etkili olup
olmadig1 ve ne dlgiide ek Ar-Ge yogunlugu yarattigi sorulart yanitlanmistir. Calisma
sonuglarina gore Ar-Ge vergi tesvikleri 6zel sektdr Ar-Ge yogunlugu lizerinde pozitif
bir etkiye sahiptir. Ancak Ar-Ge vergi tesvik garpani 0 ile 1 arasinda oldugundan soz

konusu etki sinirlidir.

Anahtar Kelimeler: Etki analizi, katkisallik, egilim skoru eslestirme, Ar-Ge vergi

tesvikleri, Ar-Ge vergi tesvik ¢arpani
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CHAPTER |

INTRODUCTION

Research and development (R&D) is an activity that is based on knowledge and can
be described as a step in the evolution of knowledge into technology (Erdil et al.,
2016).

The OECD’s Frascati Manual (2015)! defines R&D as ‘“comprise creative and
systematic work undertaken in order to increase the stock of knowledge — including
knowledge of humankind, culture and society — and to devise new applications of

available knowledge ™.

R&D activities grew in importance after the Second World War. The Japanese
economy’s high growth rates up to the 1990s after the war and its R&D commitment
and technological base behind these growth rates, and the Asian tiger economies’
performance, especially South Korea’s high-tech strategy, increased the interest in

R&D activities in the second half of the twentieth century (Bloom et al., 2002).

The evolution in growth theories that accept technological changes as an engine of
economic growth accompanied countries’ rising interest in R&D. Their R&D

expenditures to GDP ratio (R&D intensity) has increased rapidly over time.

Since business sector R&D activities are highly correlated with the R&D intensity and
growth performance of a country (OECD, 2001a), R&D expenditures by this sector

have gained prominence.

As a result of several factors, such as market failures in the R&D field (Arrow, 1962;

Nelson, 1959), which cause private investment to be lower than the socially desirable

L 1tis an essential tool that includes basic concepts, data collection guidelines, and classifications for internationally
recognized methodology, collecting and using R&D statistics (OECD, 2021).
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level; the financial constraints of small or newly established firms; and high costs of
some technological development, business R&D investments need government

support.

For this purpose, governments offer generous R&D incentives through direct funding
mechanisms such as procurement of R&D, grants, and subsidies, and as an indirect
funding mechanism, R&D tax incentives.

In the last decade, tax incentives have been widely used for promoting business sector
R&D investment. In 2020, 33 of the 37 OECD countries implemented R&D tax
incentives as a policy tool, while the number of countries was just 20 in 2000 (OECD,
2020).

This rising popularity of R&D tax incentives has raised questions about the

effectiveness of this instrument.

Despite the widespread use of R&D tax incentives, the effectiveness of this policy is
unclear in most cases. There have been several attempts to demonstrate the impact of
R&D tax incentives for different countries/country groups and different R&D tax
incentive programs but there is no consensus about the impact of these incentives. The
results differ widely (Thomson, 2017).

In Turkey, R&D activities have gained prominence in the 2000s. Science, technology,
and innovation policies have become an important component of economic policy,
especially after 2005 (Erdil et al., 2016).

In line with other countries, R&D intensity in Turkey has increased over time. It
doubled to 1.06% as of 2019 in comparison to 2001. The number of full-time

equivalent (FTE) R&D personnel also increased sevenfold in the same period.

To promote R&D activities in the last 20 years, the government has introduced several
R&D incentives and these have become an important part of the incentive system.
Both direct and indirect incentives for supporting business sector R&D expenditures
(BERD) have increased significantly during this period. The share of direct funding
by the government in BERD more than doubled and reached 9.97% as of 2018,
compared with 4.25% in 2000.



Although the implementation of R&D tax incentives as an indirect funding mechanism
was based on the announcement of the Technology Development Zone Law No 4691
in 2001, it was enhanced and made more supportive with the announcement of the
R&D Activities Support Law No 5746 in 2008. This law is still the basis of R&D tax
incentives in Turkey. It was later revised in 2016 and expanded to include design

activities.

Due to the legal regulations governing R&D tax incentives, the share of R&D tax
incentives in BERD rose and reached 14.8% in 2018 from 6.94% in 2008. According
to the 2018 statistics, Turkey is sixth highest among the OECD countries in terms of
its share in BERD. The EU 27-total and OECD-total R&D tax incentives to BERD
ratio is 7.19% and 5.97%, respectively, as of 2018.

When R&D tax incentives are compared with direct funding, the increase in these
incentives in the last decade has been more significant. The direct funding share in
BERD for the period 2008-2018 remained almost flat (9.54% in 2008 and 9.97 in
2018), while there was a remarkable increase in R&D tax incentives in the same

period.

R&D tax incentives have also increased as a percentage of GDP. They have risen more
than fourfold since 2008 to 0.1% in 2018. The increase was not only as a percentage
of GDP and BERD, but also in the number of R&D tax incentive beneficiaries in the
period 2010-2018.

The aim of the study is to evaluate the effectiveness of R&D tax incentives in Turkey
in order to contribute to the empirical literature in the following ways. Firstly, despite
the increasing weight of R&D tax incentives in Turkey, the literature lacks
measurement of the effectiveness of these incentives. The study aims to fill the gap in
the literature by testing the following hypothesis: “R&D tax incentives are effective in
increasing business sector R&D intensity”. Secondly, extent of the impact of R&D tax
incentives on business sector R&D intensity is calculated for assessing the input
additionality of this instrument with the help of the R&D tax incentive multiplier.
Thirdly, in the study propensity score matching (PSM) is applied to eliminate the

problem of selection bias and compare R&D expenditures of R&D tax beneficiaries



and nonbeneficiaries through estimating the average treatment effect on the treated
(ATT).

The study is organized as follows. The next chapter explains the theoretical
background of public support for private R&D activities by asking “Why should the
government support private R&D activities?” After the reasons behind government
support for R&D activities are clarified in the context of market failures in particular,
the support mechanisms are explained in two groups: direct funding (grants subsidies
and procurement of R&D) and indirect funding (R&D tax incentives). Measurement
of the effectiveness of R&D policies is also explained in this chapter in the context of
additionality, which shows that the additional effects on the beneficiaries that
accompany the government intervention are explained through grouping additionality

into input additionality, output additionality, and behavioral additionality.

Chapter 3 presents empirical literature that investigates the effectiveness of R&D tax
incentives by surveying both cross-country and firm-level studies for different

countries.

Chapter 4 explains the implications of R&D tax incentives in Turkey in the light of

the evaluation of the policy over time.

Chapter 5 explains the methodology, data and discusses the empirical results. The
methods used in the literature for investigating the effectiveness of tax incentives can
be summarized in four groups: (1) survey analyses, (2) quasi-natural experiments that
rely on time and policy design change, (3) dummy variable regressions and matching
techniques, and finally (4) structural econometric modeling (lentile & Mairesse,
2009).

However, the use of methods for investigating the effect of a treatment depends on the
data structure. In view of the data used in the study, PSM is considered the most
suitable method for examining the effectiveness of R&D tax incentives. In 5.1, the
methodology of PSM for estimating the additionality of R&D tax incentives is

elucidated.



In 5.2, the data are explained and the main features of the data are shown. For
investigating the effectiveness of R&D tax incentives, a combined firm-level micro-
dataset constructed from TURKSTAT surveys and statistics is used. While the
Innovation Survey (2018) (which is compiled about benefiting from R&D tax
incentives, the innovation activities of firms, and the sources, costs, and strategies of
these activities for the period 2016-2018) is the main source used in the study, the
information from the survey is enriched by that from the Financial and Nonfinancial
Corporations Research and Development Activities Survey (2018). For defining the
firms’ characteristics such as their age, turnover, foreign trade structure and financial
conditions, Foreign Trade Statistics (2018), Company Accounts Statistics (2017-2018)
and Annual Business Registers Framework (2018) Micro Datasets of TURKSTAT are

also used in the study.

As a result of updating the Guidelines of the Oslo Manual, which is the main source
for compiling innovation statistics, there have been changes in the methodology. Due
to the change in the definition and types of innovation, a time series comparison for
research is not possible. Therefore, an important factor limiting the study is that the
dataset is only a cross-section and this hinders long-term evaluations and makes
examination of causalities difficult.

In 5.3, the empirical results are given. According to the findings, ATT is 0.07 and
R&D tax incentive multiplier is 0.4. These results show that firms benefitting from
R&D tax incentives exhibit higher R&D intensity than they would have had without
R&D tax incentives. However, the effect of R&D tax incentives on producing
additional R&D intensity is limited since the multiplier is between 0 and 1. It means
that R&D tax incentives partially crowd out business sector R&D expenditures in

Turkey.

The final chapter, 6, reveals the conclusions about the effectiveness of R&D tax
incentives in Turkey, and provides policy recommendations and advice for further

studies.



CHAPTER I

THEORETICAL BACKGROUND OF PUBLIC SUPPORT OF PRIVATE
R&D ACTIVITIES

R&D activities gained importance after the Second World War. R&D started to be
seen as a factor that triggers growth, thus leading to enhanced welfare (David, Hall, &
Toole, 2000).

The evolution of growth theory increased the prominence of technological change and
innovation. Technological differences were considered the sources of productivity

differences among nations, sectors, and industries (Acemoglu, 2012).

Since technological change was seen as the source of productivity, it was regarded as
the main driver of economic growth and over time technological change gained

importance via endogenous growth models.

Most countries aim to increase R&D activities in order to achieve higher and
sustainable growth rates. Since R&D expenditures are generally used as a measure of
innovation inputs, the relationship between R&D expenditures and growth or
productivity is analyzed empirically. Most of the empirical studies show that R&D
activities lead to increases in productivity. The impact of R&D activities on output can
increase either the innovation rate or technology transfer from abroad. According to
the empirical studies, a 1% increase in R&D stock raises output 0.05-0.15% on average
(OECD, 2001a; OECD, 2001b; OECD, 2011).

Since the importance of R&D expenditures for higher growth rates is indicated both
theoretically and empirically, many countries set targets for their R&D expenditures
as a percentage of their GDP (R&D intensity) and increased it over time (OECD,

2011). As an important actor in the world economy, the European Union (EU) targeted



an increase in the R&D expenditures to GDP ratio to 3% by 2010 through its Lisbon
Strategy and then extended it to 2020 (Veugelers et al., 2015).

As business sector R&D activities are highly correlated with the R&D intensity and
growth performance of a country (OECD, 2001a), R&D expenditures by this sector

assume greater importance.

Although investment in R&D by the private sector is highly significant, it is unwise
for several reasons to allow the business sector to act alone in the R&D field and leave
R&D decisions to the market. Therefore, government support for business sector R&D
activities has increased and more resources are allocated from the budget for these
activities. Total government allocation for R&D (at constant prices, PPP $) increased
more than one and a half-fold in the last 20 years in the OECD. While it was
$258,449.10 in 2000, it reached $398,300.41 in 2020. As of 2018, in most countries,
direct funding and tax support for business sector R&D increased as a percentage of
GDP compared to 2006. Figure 1 shows direct government funding and government
tax support for business R&D (as a percentage of GDP) in 2018 and 2006.
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(*) Tax support data is not available.

Figure 1. Direct Funding and Tax Support for Business R&D (as a percentage of GDP,
2006 and 2018) (Source: OECD R&D Tax Incentive Database, http://oe.cd/rdtax,
March 2021)

As a result of these developments, the effectiveness of government support tools has

become an important issue over the years.

In 2.1, the reasons that make government actions necessary for increasing the R&D

expenditures of the business sector will be explained.

After the rationale behind the government interventions regarding business sector
R&D activities is investigated, the funding will be explained in terms of direct and
indirect mechanisms and trends regarding their use over the years in the world

economy will be examined in 2.2.

Since the increasing use of R&D tax incentives as an indirect funding mechanism has
raised questions about their effectiveness, the measurement of effectiveness will be

explained in the context of additionality in 2.3.



2.1. Why Do Governments Support Private R&D Activities?

Increasing business sector R&D expenditures are the one of the main focuses of

countries for innovation and technological change and thereby higher growth rates.

Schumpeter (1961) explained technological progress in the light of the Theory of
Economic Development (1934) as a result of entrance by innovative firms, and the
commercialization of new processes or products. According to this model, innovation
depends on easy entrance to the market and SMEs are the engine of technological
progress (Martin & Scott, 2000).

Later, Schumpeter (1975) considered technological progress as a result of the research
laboratories of large firms and he discussed whether these large firms would be willing
to spend their profits on risky R&D facilities. He reached the conclusion that
technological progress would be better if a few large firms dominated the market. They
would benefit from commercialization advantages and scale economies and would
finance R&D investments more easily than others. He also suggested that market
power would act as insurance against risks during the R&D process (Martin & Scott,
2000).

Since the business sector is an important actor in technological progress, increases in
their R&D expenditures are crucial for technological development. Then two
important questions arise: i) Do business sector R&D expenditures reach socially
desirable levels? ii) If they do not, are government interventions necessary for

increasing R&D expenditures of the business sector to socially desirable levels?

Before investigating the efficiency of government R&D incentives, the necessity of

government interventions in the R&D field should be examined.

The justifications behind government interventions in the R&D field mainly depend
on two theories in economics. While the first approach explains the government
interventions from a neoclassical perspective and clarifies them mainly in the context
of market failures, the second approach explains them from an evolutionary
perspective since innovation is seen as a complex evolutionary nonlinear process and

emerges as a result of the interaction between economic actors. The evolutionary



approach bases its arguments for government interventions on “systemic failures”

(Ak¢omak, 2016; Bleda & Rio, 2013).

In the neoclassical approach, the business sector may invest in the R&D field less than
socially desirable levels mainly due to uncertainty and market failures in the
innovation process. According to this view, there is no difference in knowledge
between actors and information is spread equally among all actors. In the evolutionary
approach, systemic failures include both failures in the flow of information between

actors and differences in the knowledge levels of the actors (Akgomak, 2016).

Therefore, market failures are not sufficient for explaining government interventions
in the R&D field since innovation is a complex evolutionary process governed by both
market forces and nonmarket institutions. The government has a role not only in
correcting market failures but also in improving institutional frameworks and

connections among the innovation setup (Bleda & Rio, 2013).

Since the justification for government intervention and policy tools depend on the
above-mentioned theories, policy tools can be classified according to the theories they

Serve.

Metcalfe (1997) groups government intervention policies in the R&D field in two
categories. According to him, the first group of policies concern resources and
incentives while taking the technological capabilities and possibilities of firms as
given, such as R&D tax allowances, subsidies, and patent protections. The second
group of policies consider changing and increasing the innovation potential of firms
by enhancing access to knowledge and managerial capabilities. In this classification,
while the first group of policy tools are mainly related to the neoclassical approach,

the second group are based on the evolutionary approach.

Lipsey and Carlaw (1998) also grouped policies due to the object of the policy and the
breadth of the policy’s focus. Policy objects are categorized as policies with the
objective of altering the cost and/or returns of innovative activities and altering the
structure of technology that altered over time. They also claim that many policies have
both objectives. They group the breadth of the policy’s focus into three categories: 1)

framework policies, which offer general support without discrimination between
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firms, industries, or technologies such as R&D subsidies and tax credits; ii) focused
policies, which encourage the development of specific industries such as software or
technologies such as nuclear power; iii) blanket policies, which include both

framework and focused policies.

Akcomak (2016) claims that the main determinants of policy designs are the
assumptions of the theoretical background used and he groups the features of
government R&D policy tools based on neoclassical and evolutionary approaches as

shown in Table 1.

Table 1
Government R&D Policy Tools of Neoclassical and Evolutionary Approaches
Neoclassic Approach Evolutionary Approach
Science and research policy Innovation (and technology) policy

Policy designs can be applied to all firms | Policy designs are more selective (e.g.
(e.g. tax exemption on R&D expenditure) | specific sectors and firms)

Policy designs are bound by certain rules | Policy designs may change depending on
environmental conditions.

R&D tax incentives, project supports and | Any kind of policy design that facilitates the
loans for R&D expenditures flow of information in the innovation system

Source: Ak¢omak, 2016

Since R&D tax incentives are based on the neoclassical approach, considering the
purpose of the study, government interventions will be explained in the context of the

neoclassic approach and market failures in the following section, 2.1.1.
2.1.1. Government Interventions in the Context of Market Failures

Ensuring optimality in resource allocation is the goal of economics. The neoclassical
approach depends on rational firm behavior that aims to achieve optimal levels of
investment, production, and profit in a full-information environment (Akg¢omak,
2016).

Nelson (1959) describes the conditions that make the allocation of resources through

private sector profit maximizing behavior socially optimal as follows:
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“If all sectors of the economy are perfectly competitive, if every business
firm can collect from society through the market mechanism the full value
of benefits it produces, and if social costs of each business are exclusively
attached to the inputs which it purchases, then the allocation of resources
among alternative uses generated by private-profit maximizing will be a
socially optimal allocation of resources. ” (Nelson, 1959, p. 298).

One of the main arguments behind government intervention for increasing business
sector R&D expenditures is market failures in the R&D field as Arrow (1962) and
Nelson (1959) pointed out.

Market failures are the situations that hinder the optimality in allocation of resources.
Both Nelson (1959) and Arrow (1962) explain the reasons for nonoptimality in
resource allocation by diversification in private and social gains. According to them,
the decisions in the market are taken by individuals or firms due to profits and gains
and these private gains can differ from socially desirable ones (Joseph & Johnston,
1985).

If the marginal value of a “good” to society surpasses the marginal value of the same
“good” to the individual who pays for it, private profit opportunities do not represent
social benefits sufficiently and without nonprofit organization support private

expenditures for this good tend to be lower than socially desirable (Nelson, 1959).

Arrow (1962) explains the aim of R&D activities or the invention process as producing
knowledge and he states the reasons for market failures in these activities as

indivisibilities, uncertainty, and inappropriability.

Over time, the economic literature about R&D has reached a consensus that R&D
investment is below the socially desirable level because of market failures such as
indivisibilities, externalities in knowledge production, and the risk feature of R&D
activities, and government support for business sector R&D activities aims to
compensate for the gap between the private and social returns of R&D investments
(Arrow, 1962; Carvalho, 2011; Czarnitzki et al., 2011; Martin and Scott, 2000).

Despite the above-mentioned market failures, which are mainly based on the
neoclassical approach, Bebczuk (2002) approaches market failures from the
evolutionary perspective and refers to the lack of rule of law, low financial depth
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(which causes asymmetric information between borrowers and lenders due to legal
and institutional deficiencies), volatility in output growth, and financial constraints as

other market failures that cause nonoptimality in the R&D field.

Another argument for government intervention in the R&D field is the high costs of
some technological developments for firms (Link & Siegel, 2007). These high costs
can limit the innovation performance of the business sector, especially for small and
young firms. Hall (2002) states that small and young innovative firms are exposed to
higher capital costs compared to large firms. The government can reduce the relative
cost of R&D investment for the business sector by providing tax incentives and
subsidies or implementing other policies (OECD, 2003).

According to Romer (1990), technological change occurs with people’s intentional

actions as a response to market incentives.

Arrow (1962) proposes research activities be conducted by large corporations as an
imperfect solution for reducing the risks of the invention process since they are
carrying out many projects and the scale of each project will be small relative to the

net revenue of the corporation.

Although the patent system offers a solution to the diffusion of knowledge, it could be
hard to put the patent into practice immediately. Moreover, the imitation of patented

inventions by competitors can limit their effectiveness (Cohen & Kleppe, 1996).

Since market incentives are insufficient on their own to close the gap between socially
desirable levels and private desirable levels of R&D investment for providing the
optimal allocation of resources, ease financial conditions, especially for small and
start-up firms, and reduce the high costs for some technologies, government or
nonprofit organization support is necessary (Arrow, 1962; Dietzenbacher & Los, 2002;
Martin & Scott, 2000; Nelson 1959).

Although market failures are a strong argument for government intervention in R&D,
the description of market failures in the real world could be difficult. Market failure
criteria are not clear cut and determining the timing of government interventions and
assuming that they would correct the nonoptimality could be questionable (Demsetz,

1969; Joseph & Johnston, 1985).
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Furthermore, determining the projects that are the source of market failures and
targeting them would not be easy and the government could support the projects that
would be invested in by the private sector even without government intervention due

to asymmetric information about the projects (Choi & Lee, 2017).

In addition, the answer to the question “Should the government give support?” is not
clear since it is costly. The cost of government interventions and the administrative
cost of interventions can be higher than the gains (Demsetz, 1969; Joseph & Johnston,
1985; Wang, 2018).

Support of specific projects or firms by the government, in other words picking
“winners”, can also create resource allocation problems in the economy since it leaves

other industries or firms in a disadvantageous position (Joseph & Johnston, 1985).

While economic theory suggests the government intervene until the point where social
and private costs or benefits are equal, in practice identifying this point could be
difficult (Joseph & Johnston, 1985).

In summary, while all the points that are explained above indicate the necessity of
government intervention in the R&D field, the methods of intervention and their

efficiency are of great importance for the intervention to achieve its purpose.

In the following section, 2.2, the methods of government support for increasing

business sector R&D will be explained.
2.2. How Do Governments Support Private R&D Activities?

As with any other investment decisions, R&D investments require profit opportunities

for private firms.

The government attempts to solve the underinvestment problem of the business sector
in R&D by implementing a policy mix that generally includes direct subsidies and tax

incentives as complementary measures (Guceri, 2016).

With the help of these support mechanisms, the government aims to reduce the relative
cost and uncertainty of R&D investments. While the government has several support

mechanisms for the R&D field such as public—private R&D partnership, direct
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subsidies, and fiscal incentives, the decision on which one to use depends on national
conditions such as firm and industrial structure, innovation performance, observed
market failures in R&D, and the structure of the corporate tax system (Appelt et al.,
2020; Carvalho, 2011; OECD, 2003).

The structures of the research and innovation system and sectors determine the design
of the optimal policy mix (European Commission, Investing in Research: an Action
Plan for Europe, 2003).

While country-specific features are important for deciding on the optimal government
support policy mix for boosting business R&D investments, analyzing these support
mechanisms and understanding the strength and weaknesses of each of them are also

vital.

Government support mechanisms can be grouped in two main categories as direct
funding, such as purchases of R&D services, grants, or subsidies, and indirect funding
implemented through tax policies (Appelt et al., 2020).

In sections 2.2.1 and 2.2.2, these direct funding mechanisms and tax incentives for
business sector R&D activities will be explained, including their strengths and

weaknesses for providing a comparative perspective.
2.2.1. Direct Funding Mechanism

A direct funding mechanism is one of the main public R&D supporting policies that
make it possible to transfer government funds directly to the selected R&D projects
based on specific targets. It can be implemented through procurement of R&D where
the results of R&D belong to the recipient, may not belong to the performer, or through
grants and subsidies where the results of R&D belong to the performer. In both of
them, sources are targeted to specific goals chosen by the government (Guellec & Van
Pottelsberghe De La Potterie, 2003).

A direct funding mechanism has several advantages and disadvantages. On one hand,
it allows the government to select R&D projects that have socially higher returns, thus
increasing the control the government has over conducted R&D (OECD, 2003); on the
other hand, selecting the most useful R&D project may have a high administrative cost
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and could be difficult in practice since there is asymmetric information between
projects’ owners and the government. Moreover, the government could tend to reward

lobbyists and bureaucrats instead of taking optimal decisions (Hall & Reenen , 2000).

In addition, providing transparency in the support mechanism can also cause higher
administrative costs. Another criticism regarding direct funding through selection of
R&D projects by the government concerns picking winners and losers, thus reducing
market competition. The financing of R&D projects by the government can also crowd

out business sector R&D expenditures instead of increasing them (OECD, 2003).

Despite all these disadvantages, direct funding provides a huge level of certainty to
firms. It allows firms to know the amount financed by the government or the reduced
cost before starting the project (Ravselj & Aristovnik, 2020). Moreover, it can be more
useful especially for small or newly established firms’ financial constraints through

providing initial money for their R&D projects.

On the other hand, the application process for direct support imposes a cost on firms
and the opportunity cost may not be low, especially for SMEs (Busom et al., 2011).

Despite the above-mentioned positive sides of direct subsidies, the challenges
regarding this policy have gradually directed many governments to place more
emphasis on tax incentives in the R&D field over the years (Czarnitzki et al., 2011).

2.2.2. As an Indirect Funding Mechanism: Tax Incentives

Tax incentives for R&D are widely used as public policy instruments for increasing
private R&D investments. Since they reduce the relative cost of R&D investment, they
increase the net present value of future R&D projects (OECD, 2003).

R&D activities are affected by tax incentives in three ways. Firstly, firms are induced
by a lower average effective tax rate to relocate their R&D activities. Secondly, a
specified location condition for tax incentives encourages firms to undertake more
R&D activity in this area due to decreasing user cost of R&D. Thirdly, tax incentives
help to increase cash flow and ease financial constraints and so increase the R&D

activities of firms that have financial constraints (Guceri, 2016).
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Although there are many forms of tax incentives, their policy designs differ across

countries and over time (Guceri, 2016).

These incentives can be classified according to their targeted groups, tax base, sources

of tax relief, geographic implementation areas, and targeted R&D activities.
Tax incentives according to:

1) Targeted Group: They can be designed for specific targeted groups
for specific policy goal groups such as providing more generous R&D
tax incentives for small or medium-sized firms or startups.

i) Tax Base: The base of tax incentives can vary as an increment of R&D
expenditures or level of R&D expenditures. In some countries a hybrid
system is offered and both of them are used as the tax base.

iii)Sources of Tax Relief: They can be deducted from corporate income
or social security contributions.

Iv) Geographic Implementation Areas: R&D tax incentives may differ
between regions of a country, or in federal countries federal R&D tax
incentives may be different from national ones.

v) Targeted R&D Activities: Tax incentives can be related to R&D
inputs (R&D expenditures) or R&D outputs (incomes from licensing or
patent) (Appelt et al., 2020; OECD, 2020; OECD, 2003).

In addition to the policy design implementations mentioned above, tax incentives can

take many forms, such as tax credits, tax deductions, and cash refunds (Guceri, 2016).
Forms of tax incentives can be mainly grouped as:

1) Tax allowances: It is a deduction from taxable income.

i) Tax credits: It is a deduction from final tax liability (OECD, 2003).

While the value of tax allowances depends on the corporate tax rate and unused
allowances can be carried over to the future for offsetting future taxations, tax credit
does not depend on the corporate tax rate and carrying over to the future and offsetting
future taxation requires a pool of tax liability (OECD, 2003).

Table 2 shows expenditure-based R&D tax incentives in some selected countries in
2020 according to sources of tax relief and forms of R&D tax incentives (tax allowance
and tax credits). The design of R&D tax incentives depends on the country’s science

ecosystem, tax structure, policy goals, and preferences regarding R&D. Therefore, the
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policy design of R&D tax incentives differs from country to country. In some cases,
countries implement both forms, like Belgium and the UK.
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Table 2

Main Features of Expenditure-Based R&D Tax Incentives (Selected OECD, EU, and

Partner Economies, 2020)
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R&D tax incentives were implemented in Japan in 1966, in Canada in the 1960s, and
in the USA (1981), France (1983), and Australia (1985) in the early 1980s (Hall &
Reenen, 2000). Over the years, they have become a popular public policy for

supporting business sector R&D activities due to their several advantages.

They allow governments to help domestic firms to enhance their competitiveness since
they are exempt from international agreements. Moreover, they are market based and
they can be seen as more neutral compared to direct funding. If the policy design of
tax incentives matches the policy goals, they can have lower administrative costs
compared to direct funding despite their costs in budget expenditures (OECD, 2003;
OECD, 2013).

On the other hand, tax incentives allow markets to determine the allocation of R&D
investments. Therefore, they reduce the power wielded by the government for
allocating R&D resources among sectors, firms, and projects. Firms can also focus on
lowering the tax burden instead of investing in R&D projects that have higher social
returns. In addition, spillover effects can be lower in tax incentive cases compared to
direct subsidies. Moreover, the benefits of tax incentives can be limited in some cases,
such as firms with insufficient tax profits, and, contrary to direct funding, the benefits
of tax incentives can be calculated at the end of the fiscal year after the project starts,
thus reducing the certainty of the R&D investment compared to direct funding. In
addition, it can be considered windfall money by firms and may not change their R&D
strategies (Guellec & Van Pottelsberghe De La Potterie, 2003; OECD, 2003; OECD,
2020; Ravselj & Aristovnik, 2020).

While the policy design of R&D tax incentives is a function of the tax scheme of a
country and depends on countries’ specific features and countries’ innovation
ecosystem in terms of other public support, the impact of R&D tax incentives is
affected by the magnitude of other nations’ R&D tax incentives since there is
competition between nations for attracting more R&D-related foreign direct
investment (OECD, 2008; Tassey, 2007).

Since the above-mentioned advantages of R&D tax incentives have increased their
popularity over time, today generous tax incentives for R&D are implemented in many
countries.
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When the trend in public policies for supporting business R&D activities is examined
for the last 20 years, the rise in the use of expenditure-based R&D tax incentives for
supporting business R&D activity is noteworthy in OECD and partner economies.
Figure 2 shows the increase in the number of countries that offer R&D tax support in
the OECD and EU-27. As of 2020, 322 out of the 37 OECD countries and with
Germany, which introduced R&D tax incentive for the first time in 2020, 21 EU-27
countries offer R&D tax support. These numbers indicate a 65% increase in OECD

countries and an almost 100% increase in EU countries compared to 2000.
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Figure 2. Number of Countries Offering R&D Tax Incentives (Central Government
Level, 2000-2020) (Source: OECD, The OECD Report on the R&D Tax Incentives
Database (2020), http://oe.cd/rdtax)

Over the years, expenditure-based R&D tax incentives have risen not only in terms of
the number of implementing countries but also as a share of total government R&D
support. In 2018, the share of R&D tax incentives in total government support for
business R&D in the OECD area was 56%, while it was 30% in 2000 (Appelt et al.,
2020; OECD, 2020). The ratio of R&D tax incentives as a share of GDP has also
increased over the years. While it was 0.04% in 2000 in the OECD area, it increased
to 0.1% of GDP in 2018. In these years, the direct funding of business R&D
expenditures was 0.1% of GDP and 0.08% of GDP, respectively.

2 Luxembourg, Estonia, Latvia, and Finland are excluded. Since Figure 1 shows the countries that offer R&D tax
incentives at central government level, Switzerland is also excluded. At subnational level, the number of countries
increased to 33 in 2020.

21


http://oe.cd/rdtax

All these figures show that the use of tax incentives has increased compared to direct
subsidies over the years and they expose the shift in the funding policy of governments

clearly.

Figure 3 shows the amounts of different funding mechanisms of business sector R&D
activities as a percentage of GDP for the period 2000-2018 in the OECD. While there
Is an increasing trend in R&D tax incentives over the years, there is a decline in direct
funding, especially after 2009. Figure 3 also shows clearly the shift in funding
mechanism preferences in recent years. After 2015, the share of R&D tax incentives

in GDP is higher than the share of direct funding.
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Figure 3. Tax Incentives vs. Direct Funding for Business Sector R&D Activities
(OECD, 2000-2018, % of GDP) (Source: OECD R&D Tax Incentives Database,
March 2021)

Greater use of R&D tax incentives among countries and the countries’ efforts for
increasing the attractiveness of R&D tax incentives by providing more generous R&D
tax incentives over the years indicate tax competition for attracting more R&D-related
foreign direct investments (OECD, 2008).

All these developments in the international environment make the measurement of

R&D tax incentives’ generosity more important for cross-country comparisons.

The B-index, which was designed by Warda (1996), shows the generosity of R&D
fiscal incentives and provides a measure for comparing different tax incentive systems.

It is calculated as one dollar R&D expenditure’s after-tax cost (one minus the net
22



present discounted value of fiscal incentives on R&D assets) value divided by one
minus the corporate income tax rate. Therefore, a smaller B-index means a more

generous tax incentive system (Appelt et al., 2019; Guellec & Pottelsberghe, 2003).

The R&D tax generosity is also shown by using implied marginal R&D tax subsidy
rates, which depend on the B-index and are calculated as “1 - B-index” (Appelt et al.,
2019).

It shows “the magnitude of marginal R&D tax credit rates applicable to an extra unit
of R&D spend across a segment of the business population (e.g., SMEs or large
enterprises).” (OECD, 2020, p. 14).

Figure 4 shows the implied marginal R&D tax subsidy rates in the period 2000-2020
in the OECD. When the implied marginal R&D tax subsidy rate is examined for the
last 20 years, an increasing trend is easily recognized. After the stabilization period
between 2013 and 2019, there was a rapid increase in 2020 with its first
implementation in Germany in that year and greater R&D tax relief in a number of
OECD countries due to the COVID-19 crisis (OECD, 2020).3
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Figure 4. Implied Marginal R&D Tax Subsidy Rates (OECD (unweighted average,
2000-2020) (Source: OECD R&D Tax Incentives Database, May 2021,
http://oe.cd/rdtax)

3 The table of countries’ R&D tax incentive reactions during the COVID-19 crisis is given in the Appendix A.
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Increasing use of R&D tax incentives over the years has raised questions about their

effectiveness.

In addition, financial consolidation measures in the aftermath of financial crises
increased the necessity for balancing public expenditures. Therefore, the efficacy of
R&D tax incentives gained importance. An effective R&D tax incentive policy might
reduce the budget deficit through stimulating innovation and so economic growth. For
this reason, the effectiveness of R&D tax incentives has started to be questioned more.
Another factor that has intensified interest in the effectiveness of R&D tax incentives
has been the rising importance of innovation as a source of economic growth due to
the decline in economic activity in the aftermath of the financial crises (European

Commission, 2014).

All these factors have led to questions about the effectiveness of R&D tax incentives
and evaluation of this public policy and measurement methods have grown in

importance over the years.

In 2.3, the measurement and evaluation of R&D tax incentives will be explained in the

context of additionality.
2.3. Effectiveness of R&D Tax Policies in the Context of Additionality

The evaluation of public policies and programs is crucial for analyzing the past
experiences and improving future policies in the light of these experiences. Evaluation
enables the monitoring of past or recent implications, determining their impacts,
grading the results, and re-ordering policies for more effective future implications
(Vedung, 2017).

Public policies or programs aim to reach specific targets and beneficiaries (Khandker
et al., 2010). Government R&D funding mechanisms (both direct and indirect) for
business sector R&D activities aim to increase business sector R&D activities. For this
purpose, the funding mechanism may focus on special groups such as SMEs, start-ups,
and large firms. The goal (increasing business sector R&D activities) is expected to be

achieved using incentives or subsidies.
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Evaluation of these incentives or subsidies shows whether the goal is achieved or not

and answers the question “is the R&D subsidy or incentive effective?”

Besides the challenges concerning the methods for measuring the impacts of R&D
incentives and subsidies such as using quasi-experimental methods, macro-modeling,
and surveys, evaluating the effects of the R&D incentives for deciding on the

effectiveness of a program is also difficult in practice.

Additionality enables assessment of the effects of R&D incentives or subsidies. It
reveals the additional effects on the beneficiaries that accompany government

intervention.

Additionality measures the difference that government funding programs have made
to firms. The argument behind it is based on the market failure rationale. Firms tend
to underinvest in R&D activities on their own because of their inability to take
advantage of all the benefits arising from these activities (Georghiou L., 1999;
Luukkonen, 1998).

The additionality concept was developed in the UK in the early 1980s for assessment
of public support given to technology development companies. Later it was used and
developed in the evaluation of many programs in Europe. Today, additionality is a
major concept for the evaluation of R&D programs (Georghiou L., 1999; Luukkonen,
2000).

Additionality is the value added and it has two features:

1) Government funding must create “additional activity” to the activity that would

have occurred in any situation.

I1) Government funding should have a “multiplier effect”. It is expected to create more
R&D activity units than funding units. If the multiplier is higher than 1, it means
that one unit of government funding produces activity more than one unit. If it is
between 0 and 1, government funding is partly used to reduces firm’s own funds
and finally if it is negative, it means that government funding is used to reduce
firm’s own funds more than received government funds (Guy & Arnold , 1993;
Sterlacchini & Venturini, 2019).
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Measurement of the additionality of a specific policy/program involves some
challenges. Firstly, it depends on the assumption that the benefits that are produced by
the policy/program can be identified and can be attributed to the policy/program.
Secondly, measurement time is an important factor. It should be appropriate according
to the appearance of the program effects. Especially in R&D activities, there is a delay
factor. The results can occur in a lag. On the other hand, as time goes on, the effects
of other economic conditions could increase and careful isolation of them is required.
Therefore, the time of the additionality measurement should be appropriate
(Davenport et al., 1998).

Additionality can be grouped into three categories:

2.3.1. Input Additionality: To What Extent the Incentives are Reflected in the

Increase in Firm Expenditures (Investment in R&D and Innovation)

It is the measure of the additional R&D investment spending of a firm for every money
unit of government funding. It can be also called the additionality ratio or “bang for
the buck” (BFTB) and computes the benefit (the change in R&D investment) - cost
(per money unit of foregone tax revenue) ratio of the R&D tax policy (Appelt et al.,
2019; Sterlacchini & Venturini, 2019).

Governments expect incentive programs to create additional R&D performance
(Appelt et al., 2019). Otherwise, the crowd-out effect of public R&D policy comes
into question. It means that government R&D funding displaces business sector R&D
investments. Therefore, government funds for R&D should be channeled towards the
R&D projects that would not have been performed without government R&D funding.

2.3.2. Output Additionality: To What Extent the Incentives are Reflected in the
End Results and Outputs

It shows the proportion of outputs that would not be achieved without government
funding. This raises questions about what is the output. The determination or selection
of an output indicator requires a major assumption. It is the connection between the
intervention and what is measured. Generally, patents, sales of new product, and
applications of processes and services are used as output indicators of R&D activities.
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However, the output of a project is rarely ever a product, process, or service alone.
Even when a project fails and does not produce an output, it could still create some

outputs such as increase in knowledge stock and experiences.

Therefore, in practice, the measurement of output additionality could be more difficult
compared to input additionality because of the complexity of relationships between
inputs and outputs. It requires a deeper understanding about the operations of

organizations.

2.3.3. Behavioral Additionality: To What Extent the Incentives are Reflected in

Firms’ Behaviors or Decisions (Implementation Behavior)

It means the difference in firm behavior resulting from the government intervention.
It is assumed that the change in firm behavior is in a desirable direction such as
encouraging firms to take more risks that they cannot afford without government
intervention (Georghiou, 1994; Georghiou et al., 2004; OECD, 2006).

Concluding Remarks:

Considering technological change as a driver of economic growth with developments

in growth theories increased the importance of R&D activities for countries.

Since both empirical and theoretical studies emphasize the importance of business
sector R&D expenditures for sustainable higher growth rates, countries’ efforts to

stimulate business sector R&D have increased over the years.

Many countries have put increasing R&D expenditures on their economic policy
agenda and increased their R&D expenditures as a percentage of their GDP over time.
As a result of this, government support for business sector R&D rose and increasing
resource allocation to business sector R&D activities from the budget raised questions

about the effectiveness of this support.

Before investigating the effectiveness of R&D policy instruments, the necessity of

government intervention in the R&D field should be understood.
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Market failures, based on the neoclassical approach, and systemic failures, depending
on the evolutionary approach, are the main justifications behind government

intervention in R&D.

According to the market failures view of the neoclassical approach, R&D activities or
the invention process suffer from indivisibilities, externalities in knowledge
production, and uncertainties. As a result, the business sector tends to invest in R&D
less than socially desirable levels and government support aims to boost firms and

compensate for the gap between the private and social returns of R&D investments.

The systemic failures view of the evolutionary approach considers innovation as a
system governed by both market forces and nonmarket institutions and failures result
mainly from diffusion of knowledge and differences in knowledge levels among the

actors in the innovation system.

Therefore, government intervention is considered from a broader perspective beyond
market failures and includes improvement of the innovation system through

institutional frameworks and diffusion of knowledge.

Intervention tools or policy instruments are based on these approaches. Therefore, it
is important to understand the theoretical approach behind the policy tool before
investigating its efficiency.

Direct and indirect government funding mechanisms that try to find a solution to
market failures are policy tools of the neoclassical approach. Both of them have
advantages and disadvantages. Countries take into consideration these features of
policy tools in their policy design of business sector R&D funding.

While direct funding mechanisms such as grants, subsidies, and public procurements
allow governments to control R&D policies through targeting specific R&D projects,
they could have higher administrative costs. Moreover, since governments pick
“winners”, there is a risk of deterioration in market competition. The financing of
projects by the government can also crowd out business sector R&D expenditures
instead of increasing them. On the other hand, they give huge certainty to firms and
provide the initial money, especially for small and newly established firms.
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Over the years because of all these features of direct support mechanisms, countries
have tended to place more emphasis on R&D tax incentives since they are exempt
from international agreements and more market based and neutral compared to direct

funding. They also have lower administrative costs.

Nevertheless, they reduce government influence in R&D projects since the market
decides on allocation of R&D investments. Firms can prefer to focus on lowering their
tax burden instead of investing in R&D projects with higher social returns, and the
benefits of R&D tax incentives can be limited since some firms have insufficient tax

profits.

The advantages of R&D tax incentives have increased their popularity over time and
today they are implemented in many countries. Wide use of R&D tax incentives and
the rising importance of public expenditures, especially in the aftermath of financial
crises, due to budget concerns raised questions about the effectiveness of R&D tax
incentives, because if they are effective, they can reduce budget deficits through

innovation and thus economic growth.

However, measurement of a policy’s effectiveness is not an easy matter. Additionality
Is @ major concept for the evolution of R&D policies. It enables measurement of the
difference that public policies have made to firms. R&D policy is expected to create
“additional activity” to the activity that would occur in any situation. It is grouped as
input, output, and behavioral additionality, depending on where the impact of the

policy is observed.

While in input additionality the impact is expected to be observed in firm expenditures,
in output additionality it is expected to be observed in output indicators such as patent
facilities, sales of new products, and applications of processes and services. In
behavioral additionality, the impact is expected to be seen in the firm’s R&D behaviors

or decisions.

In summary, government intervention tools for increasing business sector R&D
activities are crucial for the economic agenda and innovation policies of countries. As
an R&D public policy tool, the rising popularity of R&D tax incentives has increased

questions about the effectiveness of this policy. While the additionality concept
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facilitates measurement of the effectiveness of this instrument, there are several
attempts in the empirical literature to assess the effectiveness of the instrument. In

Chapter 3, efforts for measuring the effectiveness of R&D tax incentives in the

empirical literature will be summarized.
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CHAPTER Il

EMPIRICAL LITERATURE REVIEW

The growing popularity of R&D tax incentives as a policy tool for supporting business
R&D has led to questions about the effectiveness of this policy over time. Although
there are several attempts in the literature to examine the effectiveness of R&D tax
incentives for different countries and different R&D tax incentive programs, there is
no consensus about the impact of R&D tax incentives. The results differ widely
(Thomson, 2017).

The studies in the literature differ not only in data level (such as firm-level or cross-
country) or in results but also in the objective, which is affected by the R&D tax

incentives, methodologies, and measures (lentile & Mairesse, 2009).

Although the impact of tax incentives on R&D expenditures is generally investigated,
some studies focus on the output side of R&D performance and examine the impact

of R&D tax incentives on innovation indicators.

The impact of R&D tax incentives is mainly estimated by elasticities and/or
additionality in the literature by applying a structural R&D investment model or quasi-
experimental methods such as matching methods and/or the DiD method. Elasticity
shows the response of the R&D expenditure to the measurement of tax credit (lentile
& Mairesse, 2009), which is generally the tax component of user cost of R&D or the
B-index. Additionality is another widely applied measure for evaluation of the impact
of R&D incentives since it shows the additional impact is induced by one currency

unit of R&D incentives.

In this study, empirical literature for mainly the last 20 years is focused on for shedding

light on the recent efforts regarding the effectiveness of R&D tax incentives. The
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literature is examined in mainly two categories, cross-country studies and firm-level

studies.

For literature from more than 20 years ago, Hall and Van Reenen (2000) provide a
good summary of empirical evidence for the USA and other countries* and conclude

that a dollar tax credit induces a dollar additional R&D investment.

In their important cross-country empirical study, Bloom et al. (2002) investigated the
impact of R&D tax incentives on the level of business-funded R&D investment for
nine OECD countries® for the period 1979-1997 from the user cost of R&D perspective
by using a structural model. They apply ordinary least squares (OLS) to the investment
demand equation for R&D, and therefore the coefficient of the user cost of R&D gives
the sensitivity of business R&D investment to the change in its price (user cost of
R&D). They apply a dynamic model and estimate both short- and long-run elasticities,
and the endogeneity problem between the R&D expenditures and user cost of R&D in
the model is solved by applying the instrumental variable (IVV) method and the tax
component of the user cost of R&D is applied as the IV. They conclude that tax
incentives are effective after examining country-specific fixed effects such as
language, culture, supply of scientists, demand conditions, and macroeconomic
conditions that affect the R&D investment independently of tax incentives such as
common technology shocks. According to their study, a 10% decrease in the user cost
of R&D increases the level of R&D investment by just over 1% in the short run and

this elasticity increases and approaches 10% in the long run.

Guellec and Pottelsberghe (2003) tackle the effectiveness issue from a broader
perspective and investigate the effects of all public R&D policy tools (grants and
procurements as direct funding, tax incentives and public research activities as public
intramural expenditures, and higher education R&D activities) on business-funded
R&D for nearly the same period as Bloom et al. (2002) (1981-1996) for 17 OECD
countries. They aim not only to establish the effectiveness of tax incentives but also to
measure the effectiveness of other instruments simultaneously. Thus, they provide a

comparable picture of different policy instruments’ effects. They apply the same

4 Australia, France, Sweden, Canada, and Japan
5 Australia, Canada, Spain, USA, Italy, Germany, UK, France, and Japan
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approach as Bloom et al. (2002) and use a structural model for R&D investment and
try to estimate the elasticity of business-funded R&D to its prices (user cost of R&D)
in both the short and long run. For estimating the generosity of the tax system, they
use the B-index as the price of tax. In line with Bloom et al. (2002), they include
country fixed effects and time dummies in the model. The endogeneity problem is
solved by applying the three-stage least squares (3SLS) method. They find tax
incentives effective in increasing business-funded R&D and their effects occur
immediately, while direct funding takes effect after lags. The elasticity of business-
funded R&D to the B-index is calculated as -0.28 for the short run and contrary to
Bloom et al. (2002) it does not increase in the long run and is measured as -0.31. They
find that the effectiveness of both direct funding and tax incentives increases if they
are stable over time. Direct funding and tax incentives are also found to be substitutes,
which means that an increase in the use of one instrument decreases the effectiveness
of other. They explain the substitution effect by the lack of coordination in their design
and implementation. Finally, the effectiveness of government funding of R&D has an
inverted U shape according to the results. It raises private sector R&D up to a 10%
subsidization rate and decreases beyond. After 20%, it crowds out private sector
funding.

Another attempt to estimate the impact of R&D tax incentives at cross-country level
is Falk’s (2006) study. He tries to determine the factors that affect R&D intensity (ratio
of business sector R&D expenditures to GDP) in OECD countries for the period 1975-
2002 (data are used with 5-year averages) by using a structural model for R&D
investment. He expands the sample compared to Guellec and Pottelsberghe (2003) and
includes 21 OECD countries. He also uses data more recent than theirs. He applies the
system GMM estimator for the endogeneity problem. He uses the share of business
sector R&D expenditures in GDP as the dependent variable, which shows the R&D
intensity. As the tax incentive indicator, the B-index is used in his study, parallel to
Guellec and Pottelsberghe (2003). He measures the elasticities of R&D intensity with
respect to tax prices for both the short and long term. He finds R&D tax incentives
effective in increasing business sector R&D intensity. He calculates the short-term tax
price elasticity as -0.22 and finds it -0.84 in the long term. These results imply that a
1% decrease in the B-index (increase generosity of tax incentives) leads to a 0.22%
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(0.84%) increase in business sector R&D intensity in the short run (in the long run).
This result is consistent with Bloom et al. (2002).

Nam (2012) investigates the impact of tax incentives for 19 OECD countries in 2006
from a different perspective. He uses the net present value (NPV) approach. He states
the importance of after-tax NPV for R&D investment decisions of profit maximizing
firms. Therefore, he investigates the impact of R&D tax incentives on after-tax NPV
for 19 OECD countries. He examines the impact of corporate tax incentives on after-
tax NPV from the internal equity and debt finance perspective and claims that after-
tax NPV is larger in the debt finance case by a given tax depreciation plan. Therefore,
the corporate tax system gives debt finance prominence. Then he states that when tax
allowance and tax credits are implemented, ceteris paribus, after-tax NPV increases
with corporate tax rate. Since an increase in after-tax NPV suggests stronger R&D
investment, he proposes a policy of increasing corporate tax rates instead of decreasing
the corporate tax rates as the majority of developed countries have applied.

Thomson (2017) also investigates the impact of R&D tax credits on business-funded
R&D investment for both the short and long run. He emphasizes the difficulty in
finding an exogenous measure of tax policy in the literature. He states that while the
previous studies focus on either firm-level or cross-country data and he suggests a new
approach based on the use of cross-country industry-level data. The panel data of the
study cover 29 industries in 26 OECD countries for the period 1987-2006. He
measures the generosity of R&D tax credits in line with the previous literature (Bloom
et al., 2000; Guellec & Pottelsberghe, 2003) from the user cost of R&D perspective
but he estimates it as country-industry specific. Since tax treatment differs for different
types of R&D expenditures (tax incentives are not applied to all R&D expenditures
and different tax incentives rates are applied to different types of R&D expenditures),
firstly he calculates the tax price for each R&D expenditure category (capital
component of R&D and current component of R&D, which includes labor costs and
other current). Then he obtains the industry-specific tax price, which is the weighted
average of these two R&D expenditure categories. Weighting is done by using the
lagged expenditure share. The structural model, which uses an R&D investment
demand function, is applied in line with the previous literature. Aggregate industry

R&D investment is used as the dependent variable. As explanatory variables industry-
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specific tax price is used as measure of the tax policy, industry value added is used for
the demand side, and time dummies and country-industry fixed effects are also
included in the model. The simultaneity problem is solved by applying the lagged
expenditures weights and the systems GMM estimator. According to the results, the
tax price elasticity is -0.5, which means that a 10% decrease in the tax price creates
5% additional business-funded R&D investment in the short run and in the long run
the elasticity is estimated around -4. Both estimates are higher than the previous cross-
country findings. While the previous cross-country literature mainly focuses on
elasticities, he also calculates the input additionality by using the elasticities. He
measures the input additionality as 60 cents additional R&D investment for every

dollar foregone tax revenue under the 35% corporate tax assumption in the short run.

Later, Appelt et al. (2019) estimates the additionality of R&D tax support for 21 OECD
countries for the period 2000-2016. Nineteen OECD countries that implement five
years or more R&D tax incentives during the period are selected for calculating both
the short- and long-term effects. Two OECD countries (Germany and Luxembourg)
that used no R&D tax incentives during the period are also included in the sample.
They estimate the additionality by using two complementary statistics. Firstly, they
use the B-index in line with the previous literature and, secondly, they use government
tax relief data (GTARD) that have been published recently by the OECD and provide
the amount of the actual cost of R&D for government support. Although the amount
of government R&D tax support data was used at firm level before for Belgium
(Dumont, 2017), GTARD are used for the first time in a study for estimating the
elasticity of R&D investment in a cross-country study since they provide a comparable
measure for government tax relief among countries. They give a direct estimation of
change in R&D investment induced by government tax support or as commonly
referred to BFTB (benefit- change in R&D investment against — cost- per money unit
of foregone tax revenue). Direct support by the government to R&D is checked in the
estimation. The endogeneity problem between GTARD and business-funded R&D
investment is solved by applying the IV and the B-index is used as the IV in the
equation that uses GTARD. According to the B-index results, the elasticity of
business-funded R&D is -0.11 in the short run and -0.84 in the long run. Each
estimation is in line with the previous literature. On the other hand, the elasticity of

business-funded R&D to GTARD is lower, i.e., 0.04. After estimates of elasticity by
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using both set of data, BFTB is measured. According to the B-index estimation, the
input additionality is 0.87 units for one unit of foregone tax revenue. When the input
additionality is measured by the value of the tax support cost, it increases to 1.6. When
it is lower than 1, it implies that tax incentives are not effective for inducing additional
R&D expenditures. However, they emphasize that even if the additionality implies the
partial crowd-out effect for private R&D, which means a ratio lower than 1, public
funding is still valuable since its private and social returns are sufficiently high for
R&D.

Cross-country analyses are important since they provide an overall evaluation of R&D
tax incentive schemes, which differ between countries. Since these incentives differ
between countries in their design, implementation, and generosity, they could also
provide more exogenous variation compared to micro-level studies (Appelt et al.,
2019; Hall & Reenen, 2000; Thomson, 2017). On the other hand, firm-level studies,
which usually focus on a single country, give more specific effectiveness measures for
a country-specific tax incentive scheme. Therefore, for evaluating the efficiency of an
R&D tax incentive program, firm-level studies could provide more detailed and
reliable results (lentile & Mairesse, 2009). They also mostly allow for sectoral analysis
or specific analysis of firms’ characteristics, which could be important for policy

design.

In this study, firm-level studies for the last 20 years were surveyed. While the cross-
country analysis is generally done for OECD countries, the countries or country groups
in firm-level studies vary. While some studies focus on a specific R&D tax incentive
program in a country, some studies at firm level focus on a few countries for comparing

the R&D tax incentives of these countries in the same period.

An important study at firm level by Koga (2003) investigates the effectiveness of R&D
tax credits for Japanese firms in the manufacturing sector for the period 1989-1998 by
calculating elasticities. He examines whether the effectiveness of R&D tax credits
differs based on firm size. He uses a structural model and applies the OLS method in
line with most of the cross-country literature. As the dependent variable he uses the
firm R&D investment and as explanatory variables he uses the user cost of R&D, sales

for representing the demand side, year dummies for macroeconomic shocks, and a
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firm-specific fixed effect. For solving the simultaneity problem between the
explanatory variables (user cost of R&D and sales) and firm R&D investment, the
explanatory variables are used with their first lag. For avoiding errors in the calculation
of the user cost of R&D, he also applies the IV method and uses the tax component of
user cost of R&D as the IV. After the elasticity is calculated for all firms, it is also
estimated separately for different firm sizes. For categorizing the firms, their capital is
used. The median capital of firms is estimated in 1989 and the firms that have less
capital than the median are categorized as medium and the others as large. He estimates
the tax price elasticity as -0.68 for all firms and when it is estimated by taking into
consideration firm size it is calculated as -1.03 for large firms and it is not significant
for medium firms. He explains the findings for medium firms by the higher sensitivity
in R&D investment to demand side factors as sales. Firms are also grouped according
to their sales and the estimation according to this classification does not change from
the previous one. This means that R&D tax credits are more effective in inducing R&D
investments for large firms. He explains the higher effectiveness of R&D tax credits
in large firms by their permanent base for R&D, related to having their own research
centers and workforce for R&D. This means that they are not flexible to changes in
market conditions. They also have huge R&D spending, which provides huge tax

reductions.

Klassen et al. (2004) compare the effectiveness of R&D tax incentives in the USA and
Canada, which have similar economies but different R&D tax incentive policies during
the period 1991-1997, by taking into consideration the financial constraints of the
firms. They use a structural model and apply weighted OLS. They find the US R&D
tax incentive system more effective in terms of inducing additional R&D expenditure
(additional R&D expenditure is $2.96 in the USA and $1.30 in Canada per dollar

foregone tax revenue).

Hageland and Mgen (2007) calculate the input additionality in the short and long term
for the Norwegian R&D tax credit scheme, which was announced in 2002 and called
SkatteFUNN. They apply DiD regression and compare the growth of R&D
investments of firms. They find the tax credit scheme effective for increasing firms’
R&D investments and the magnitude of the additionality is calculated as 2.68 Krone

additional spending per krone tax credit.
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Corchuelo and Martinez-Ros (2009) analyze the effects of R&D tax incentives on
R&D technological effort (R&D spending over sales) of firms in Spain by applying
both parametric (Heckman’s two-step selection model with instrumental variables)
and nonparametric methods (matching method, PSM) for the period 1998-2002. They
apply nearest neighbor and kernel matching for PSM. According to their results, firms
that have higher capacity for innovation, are in a stable financial position, and receive
R&D subsidies have a higher possibility to use R&D tax incentives, while SMEs face
some challenges to use them. Moreover, they find the average effect positive but it is
significant just for large firms. They conclude that R&D tax incentives increase R&D
technological effort in large and high-tech firms.

Czarnitzki et al. (2011) investigate the impact of tax credits on innovation outputs such
as number of new products and sales with new products in the Canadian manufacturing
sector for the period 1997-1999 by using nonparametric matching methods and Canada
Survey of Innovation (1999) data. Unlike the previous literature, they also focus on
the effects of R&D tax incentives on firms’ economic performance. They use
nonparametric matching for solving the selection bias problem in the policy
evaluation. Based on the results, they conclude that tax credits have a positive effect
on innovation indicators (innovative product numbers and sales). However, the impact
of R&D tax incentives on firms’ economic performance is not significant in the context
of profitability, keeping up with competitors, or share of the domestic market. The
policy is only found to affect the international market share. While 17% of beneficiary
firms introduce a world-first innovation and 40% a Canada-first innovation, for the

other firms the percentages are 5% and 22%, respectively.

Lokshin and Mohnen (2012) investigate the impact of an R&D tax incentive program
on Dutch firms' R&D expenditures for the period 1996-2004 by estimating elasticities.
Then they apply cost— benefit analysis (BFTB) in a dynamic framework for examining
the additionality of the program. For calculating the elasticity, they construct firm-
specific user cost of R&D as a function of R&D tax incentives and calculate the user
cost 26% higher in the absence of the R&D tax incentive program for the period
investigated. As the dependent variable they use firm R&D expenditure as a share of
the previous period’s R&D stock. For solving the endogeneity problem between the

user cost of R&D and the R&D expenditure amount, they apply the generalized 1V
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method. They determine the user cost of R&D by using the sub-component of the
R&D tax incentive program. They measure the elasticities by applying a dynamic
model, ECM, and a partial adjustment model. They find the R&D tax incentive
program effective in inducing R&D investments by Dutch firms. According to the
results for the three models, they estimate the price elasticity of R&D investment
between -0.2 and -0.5 in the short run and between —0.54 and -0.8 in the long run. For
revealing the effectiveness of the R&D tax incentive program, they estimate the BFTB
and they find it to be 1.05 for all firms. Since it is greater than 1, it implies that one
monetary unit of foregone tax revenue creates more than 1 monetary unit of R&D
expenditure. This means that the R&D tax incentive program is effective in increasing
R&D expenditures. They extend the investigation and compute the BFTB according
to firm size and find it to be 3.24 for small firms and 0.78 for large firms. Therefore,
the results indicate that the R&D tax incentive program in the Netherlands is effective
for small firms and crowding out cannot be disregarded for large firms.

Kobayashi (2014) investigates the effect of R&D tax credits on firms’ R&D
expenditures for SMEs in Japan by applying PSM for 2009. He examines whether the
effect of R&D tax credit differs according to firms’ industries, size, and liquidity
constraints. He applies kernel, K-nearest-neighbor, and caliper matching methods for
matching propensity scores. According to the results, R&D tax credits increase SMEs’
R&D expenditures and they are more effective when it comes to firms with liquidity

constraints compared to unconstrained firms.

Thomson and Skali (2016) examine the effectiveness of R&D tax subsidies (tax
concessions and tax incentives) in inducing additional R&D investment by Australian
firms for the period 2005-2012 using ordinary least squares (OLS), PSM, difference-
in-difference (DiD), and regression discontinuity design. The introduction in 2012 of
an R&D tax incentive policy that is more generous than the other incentives for R&D
enables the application of the DiD method. They find that after the introduction of the
R&D tax policy in 2012 firms® R&D expenditures increased by 14% and the
additionality of the tax program is calculated as $1.9 for each dollar of foregone tax
revenue. Since it is higher than 1, it shows that the R&D tax program is effective.

BAsed on all the results from the different methods, they estimated the additionality
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in Australia for the period 2005-2012 to be between $0.7 and $1.9 for every dollar of

foregone tax revenue.

Dechezleprétre et al. (2016) focus on the innovation impact of R&D tax credits for UK
firms for the period 2006-2011 by applying a regression discontinuity design. They
state the importance of the effects on innovation of R&D tax incentives. Therefore,
they suggest focusing not only on the R&D expenditure side but also on the innovation
side. They claim that the innovation effects of R&D tax incentives show the use of
induced R&D expenditures in high quality projects. Then they discuss the
effectiveness of R&D tax incentives on not only R&D expenditures but also on patent
facilities and patent values, which indicate the quality of additional innovation.
According to the results, they estimate the R&D elasticity to tax adjusted user cost as
-2.6, which is higher than the values reported previously. They explain this higher
elasticity by the dominance of small firms, which generally have financial constraints
and show a greater response to tax credits. They also compute the input additionality
as £1.7 for every pound of foregone tax revenue. Therefore, the R&D tax incentives
are found cost effective. Regarding the effects on innovation, they find that patenting

rises about 60% due to the policy without a significant decrease in new patents’ values.

Freitas et al. (2017) investigate the input and output additionality of R&D tax credits
for Norway, Italy, and France for 2004, 2006, and 2008 by applying micro econometric
analysis. Their study differs from the previous literature in two aspects. Firstly, they
examine whether the additionality effect differs due to sector features. R&D
orientation and concentration as competition indicators are used as sector features in
the study. Secondly, they take into consideration both input and output additionality
for these countries. Additionality is calculated by applying a three-step procedure.
They calculate the probability of receiving tax credit based on R&D orientation and
concentration level. Tax credit here is used as a dependent dummy variable (takes 1 if
firm benefits from tax credits in the period, O otherwise). Then they estimate the input
additionality by applying PSM and using R&D intensity (R&D expenditures as a share
of total turnover) as the dependent variable and obtain ATT. Finally, they estimate the
output additionality by using the share of the new or improved products’ turnover as
the dependent variable. They use the ATT for each firm from the second step as

additional R&D intensity that is induced by tax credit. Therefore, they obtain the
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counterfactual for R&D intensity (the difference between the R&D intensity in the
absence of tax credits and additional R&D intensity induced by tax credits). According
to the results, the probability of receiving tax credits is high when R&D orientation is
high, but for the concentration features, the high probability of receiving tax credits
for sectors that have stronger concentration is valid only for France. Input additionality
is positive for all countries and years (except Italy. In Italy it is positive for 2004 and
2006). It is greater in higher R&D-oriented sectors and input additionality is stronger
in Norway and Italy than in France. The difference in input additionality across
countries is explained by the difference in tax credit policies between countries. While
Norway and Italy apply volume-based tax credits during the investigated period,
France applies incremental-based tax credits. For output additionality, it is positive for
all sectors and countries. In Norway and lItaly, it is greater in high R&D-oriented

sectors. In France, output additionality does not differ significantly between sectors.

Dumont (2017) investigates the impact of public support for R&D on business-funded
R&D expenditures for the period 2003-2011 in Belgium, which provides both federal
and regional R&D tax incentives, by using fixed effects regression with panel data
from the input additionality perspective. He evaluates both direct subsidies and tax
incentives. He claims that investigating only one type of public support for R&D can
lead to bias in the results. Therefore, he examines the effects of subsidies and tax
incentives for R&D individually and also investigates their effects when they are
applied together. He uses the amount of the public support in his study, unlike most of
the previous studies. He emphasizes that fixed effects can be useful for solving the
endogeneity problem since it allows for time-invariant firm heterogeneity. The impact
of each support is estimated in the case of benefiting or not benefiting from other types
of support. He calculates the BFTB estimates using average R&D expenditures and
average public support amount. According to the BFTB results, the effectiveness of
public support decreases when firms also benefit from other support policies.
Therefore, the combination of public policies decreases their effectiveness compared
to their use individually. He explains the results by the lack of coordination between
regional and federal authorities, similar to Guellec and Pottelsberghe (2013). He also
agrees with Guellec and Pottelsberghe (2013) about the optimum subsidy rate and
claims that the decrease in the efficiency in the case of the use of both subsidy and tax

incentives may be related to the optimum support point being exceeded.
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Carboni (2017) also focuses on the effect of public support (investment incentives,
direct R&D support, and fiscal R&D incentives) on investment and R&D expenditure
instead of tax incentives for seven European countries (Germany, France, Italy, Spain,
UK, Austria, and Hungary) by applying nonparametric matching for manufacturing
firms’ combined dataset for the period 2007-2009. R&D expenditure is used as a
portion of total sales. The control variables are indebtedness, GDP growth, measure of
capital, number of employees as firm size, being an exporter, firm age, internal
financing, origin of innovations, and financial constraints. Firms are evaluated in terms
of receiving R&D grants or tax reductions or both for R&D and investment incentives
are also taken into consideration in the study. He studies both the combined dataset
and data for the countries separately. According to the results, public policies for R&D
affect R&D spending positively and the results refute the crowding-out hypothesis. It
is also mainly confirmed at single country level (holds for every country except
Hungary).

Sterlacchini and Venturini (2019) investigate the impact of R&D tax incentives on the
intensity of R&D expenses over sales for manufacturing firms with 10 or more
employees in the UK, France, Italy, and Spain for the period 2007-2009 by using PSM.
They examine whether the tax incentives' effect changes according to firm size. They
include turnover for defining the size of the firms. They also identify the dummy
variable for controlling the decrease in turnover during the 2008-2009 crisis. They
estimate the impact for four groups, namely the total group, SMEs, small firms, and
medium and large firms. According to the results, the propensity for benefiting from
tax incentives is low for firms that have lower turnover except in the UK because of
preferential fiscal policies towards SMEs. They show that tax incentives significantly
induce R&D intensity in all countries except Spain despite its generous tax system and
this effect is driven by small firms. Since it is insufficient to exhibit that the firms
benefitting from fiscal incentives conduct more R&D, the study also focuses on the
additionality effect, which measures whether the firm increases R&D expenses more
than the fiscal benefit. Therefore, they also investigate the additionality effect of R&D
tax policies by computing the R&D tax credit multiplier between 2008 and 2009. They
assess the multiplier as the ratio between ATT/R&D intensity and the value of fiscal
provisions as a proportion of R&D expenses. According to the results, one euro

foregone in tax revenues leads to an increase of 0.7 euros in R&D in France. This is
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1.5 in Italy and 1.6 in the UK (Spain is not included because of lack of data). The
additionality effect is less than 1 in France. It is explained by the crowding-out effect
of small firms in that country. Finally, they state that their findings must be considered

a short-term effect, which is generally smaller than a long-run effect.

While the literature on the effectiveness of R&D tax incentives is highly dominated
by the developed countries, it is sparse for newly industrialized and/or developing
countries although these instruments have been used widely in these countries. Yang
et al. (2012) investigate the effect of R&D tax incentives on R&D for Taiwan, which
is newly industrialized and has shown a rapid increase in innovation and R&D. They
examine the effectiveness of R&D tax incentives for manufacturing firms for the
period 2000-2005 by applying PSM, 1V, and GMM estimator methods. They analyze
the effect of R&D tax incentives on the level of R&D expenditures and the growth of
R&D expenditures. They also investigate the effectiveness in the sectoral dimension
and examine the effectiveness of R&D tax incentives for electronics firms and
nonelectronics firms. They firstly apply PSM to avoid the selection bias problem. They
find that firms that benefit from tax incentives have a 53.8% higher R&D expenditure
level. This effect rises to 71.8% for electronics firms when the analysis is done
according to sector. On the other hand, they find no significant result for R&D growth.
Then for solving the firm heterogeneity and R&D tax credits endogeneity problems
and also calculating the marginal effects instead of average effects, which are obtained
from PSM methods, they apply IV and GMM estimator methods. In the IV model,
they use R&D spending as the dependent variable and instrumented R&D tax
incentives with one year lagged unused tax incentives. They also add firm
characteristics (age, size, and capital intensity) and performance characteristics (profit
and export) explanatory variables to the model. While the elasticity of R&D
expenditures with respect to tax incentives is calculated as 0.30 for all firms and 0.37
for electronics firms, it is statistically insignificant for nonelectronic firms. These
results indicate that tax credits are more effective for electronic firms in line with the
PSM results. GMM estimates show that tax credits have a significant positive effect
on R&D growth especially for electronic firms, like the other methods’ results. Since
budget deficits have become an important issue, a careful evaluation of tax credits is
advised as well as differentiating tax incentives between sectors because of different

effects of R&D tax incentives between sectors.
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Aralica and Botri¢ (2013) investigate the impact of R&D tax incentives on R&D
expenditures and product and process innovation for Croatia as a small open country
that is a moderate innovator® for the period 2008-2009 by applying PSM. For
matching, they apply frequently used matching methods such as kernel matching,
nearest-neighbor matching, and caliper matching in the study. They find that while
R&D tax incentives have a positive effect on R&D expenditures and product

innovation, they have no significant effect on process innovation.

Ravselj and Aristovnik (2020) take into consideration the effectiveness of both grants
and tax incentives as public R&D policies at the same time and they investigate the
impact of both public R&D policies on business R&D expenditures for Slovenian
companies, representing a small open economy for the period 2012-2016, by using
panel data regression. Therefore, the study provides a comparable picture for R&D
public policies in Slovenia. They use business R&D expenditures without R&D
subsidies as a portion of total assets as the dependent variable for comparing
companies of different sizes. They also apply the amount of R&D subsidy and tax
incentives as a portion of amount of net sales. For investigating the effects of the
simultaneous use of both instruments, they use interaction terms between R&D
subsidy intensity and R&D tax incentive intensity. They also use two more interaction
terms for examining the interaction between these policies and net sales growth, which
is an indicator of company growth, in the study. They also employ as control variables
financial leverage, net sales growth, company size (natural logarithm of employees),
and year dummy variables (take 1 if a company-year observation is from year studied,
otherwise zero). They find that tax incentives have a positive effect on R&D
expenditures for Slovenian companies, while R&D subsidies have a negative effect.
They estimate that a 1% increase in R&D subsidy intensity decreases the net R&D
intensity by 0.35%, while a 1% increase in tax incentives increases the net R&D
intensity by 0.25%. They emphasize the importance of the tax base for the
effectiveness of tax incentives. They also analyze the interaction between R&D
subsidies and tax incentives and find it significant and positive. Therefore, they
suggest the simultaneous use of these instruments. They also emphasize that R&D

subsidies are still important for small firms that do not have a sufficient tax base and

6 According to the European Innovation Scoreboard metrics
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R&D subsidies are effective in inducing business R&D expenditures when they are
combined with R&D tax incentives. They also evaluate the policies based on company
growth rates and find that both policies are effective regarding R&D expenditures for

growing companies.

For Turkey, although the literature has investigated the effectiveness of R&D grants
(Gok, 2006; Giirbiiz, 2018; Ozgelik and Taymaz, 2008; Tandogan, 2011; World Bank,
2019) widely, there is still a lack of knowledge about the effectiveness of R&D tax

incentives.

The study fills this gap in the literature and it is expected to provide guidance for public
policies in this field.

Table 3 provides a summary of the empirical literature about the effectiveness of R&D

tax incentives. The above-mentioned studies are grouped by:

e Authors

e Year Published

e Country/Countries Investigated

e Period Investigated

o Investigating Level (Cross-country or Firm Level)
e Research Question(s)

e Dependent Variable

e Methodology

e Results of the Study

As can be seen from Table 3, studies vary according to their focus country/countries,

methodologies, and research questions.
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Table 3

Summary of Empirical Literature
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Since the effectiveness of R&D tax incentives in Turkey will examined by applying
PSM, the empirical studies which apply matching methods for R&D tax incentives

treatment are detailed in Table 4 regarding;

e QOutcome variables
e Control variables

e Matching methods
As outcome variables R&D expenditures over sales or turnover stand out.
Most frequently used control variables are:

e Firmsize

e Sector

o Age

e Foreign trade situations of firms

e Ownership of firms such as being multinational, domestic or foreign company

e Belonging to a group

e Cooperation for innovative activities

¢ Indicators for financial situations of firms such as financial constraints, financial
stability, debt indicators

e Qualified personnel

While nearest neighbour and kernel matching come to the fore as matching procedure,

empirical studies generally prefer to include more than one matching method.
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Table 4
Summary of Empirical Literature that Apply Matching Methods

The average R&D

. Firm size - Account management abilities Sector -
technological effort: 29

Technological opportunities

R&D spending/sales
Financial Stability - Finance of R&D investment
activities. If firm's own equity/Total Debt >0.5, it
takes "1", otherwise "0" Receive Subsidies in 2002
Corchuelo N . " Nearest
and - Firms' awareness about other kinds of public neiahbour
1 Martines- 2009 Spain 1998-2002 support Stable R&D firm - The R&D experience matchgl kernel

of firms. If firm has performed R&D activities in o .

Ros matching

1998-2000 period, it takes value "1", otherwise "0"
B-index - Minimum profit that firm expects to obtain
from R&D investment, allowing for tax incentives
Lack of R&D personnel - Human capital adequacy
Lack of importance of quality improvements in
production

R&D expenditures: In RD2 - Lagged two-year R&D expenditure In
Level and growth Size - Number of employees
3 | Yangetal | 2012 Taiwan 2000-2005 Age - Firm age In KL - Capital intensity. Ratio of Caliper matching

fixed capital to employee

Profit - Profit to sales ratio (%) Time dummy and
Industry dummy

51



Table 4 (cont’d)

Austria, Hungary

Ration - Financial constraints

Authors | Year Country Period Outcome Variables | Control Variables - Purpose and/or Calculation T/la:::(;zg
Size - Small (less than 50 employees), medium (50-
250 employees) and large firms (250+ employees)
Employment change - Job creation of firms
Participation international markets - Firms that
R&D Expenditures: have no participation in international markets could
Level and dummy variable | seek more for government supports Belong to an
enterprise group - The prior experiences with
R&D tax credits within the group Innovation
cooperation - Spreading information about R&D Nearest
Aralica and - ) tax credits neighbour
4 Botrié 2013 Croatia 2008-2009 |Product Innovation: matching, kernel
Introduction of new or matching, caliper
significantly improved matching
goods on the market (as
dummy variable)
Process Innovation:
Introduction of a new or
significantly improved
method of production on
the market (as dummy
variable)
In total workers - Firm size. Since larger firms are
thought to afford conducting R&D Patent -
Innovation activities of firms Recurring profit Kernel matching,
margin - Firm's profitability. Since profit situation is K-nearest-
5 | Kobayashi | 2014 Japan 2009 R&D expenditures important for applying tax credits Dependence on neighbour
debt - Sufficiency of firm's internal funding for matching, caliper
R&D investments In (capital fund), main matching
financing bank, industry dummy and region
dummy
Debt - Firm’s ability to find sources for investment
costs. Total debt to banks over the previous period
R&D - T .
i GDP - For determining changes in firms' behavior,
expenditures/total sales |. . Aol ;
in particular because of the financial and economic
crises K - Measure of capital
Emp - Firm size Export - Firm export status. Since
firms that operating in foreign markets tend to be
more innovative INV_internal- finan and its
squared term (INV _internal-finan)> *mount of
internal financing Age - Firm age. For determining
learning by doing effect Large - Large firms. Firms
Germany, that have 250+ employees Innorg - Innovations that
6 | caboni | 2007 | Frace Italy, 2007-2009 have been introduced inside firm Group - Belonging
Spain, UK, to a group. Since it can reduce financial constraints

The nearest
neighbour based
on the smallest
mahalanobis
distance
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Table 4 (cont’d)

Size - Logarithm of number of employees H
Finance Int - Internal funding adequacy H Finance
Ext - External funding adequacy H Personnel -
Qualified personnel adequacy Coop - Innovation
cooperation Export - Export status of firm

R&D intensity: R&D
expenditures/total turnover

. Nearest
7 Cas:te:tcc' 2017 N°“£’2'r’]£a'y' 2233’ 2235): TURN_NEW: Share of neighbour
the new or improved Group - Group affiliation of firm Industry-level matching
products’ turnover (0- dummies
100 sale)
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Concluding Remarks:

The rising popularity of R&D tax incentives over the years and their potential positive
budget effects through innovation and economic growth have increased interest about

their effectiveness.

Although there have been several empirical efforts to measure the impact of R&D tax
incentive policies in recent years, most of the studies mainly suffer from inadequacy
in data. Since an R&D tax incentive policy generally targets special group(s) for
achieving policy targets as a natural consequence of public innovation policy and high
heterogeneity among firms since R&D tax incentive beneficiary groups differ from
nonbeneficiary groups widely in many aspects in R&D activities such as R&D
awareness, know-how, and having their own R&D department, empirical studies
suffer from selection bias and heterogeneity problems widely. Although researchers
try to overcome these challenges with the help of econometric methods such as IV,
matching methods, and GMM, in most cases it is difficult to find appropriate data for

applying these methods.

The OECD B-index as a comparable indicator among countries is used in the majority
of cross-country studies. GTARD data, recently published by the OECD, also provide
a comparable picture across countries since they show the government tax relief for

R&D in the same currency base.

Since firm-level studies require micro data, which are relatively scarce, these studies
also suffer from lack of data mostly. Although firm-level studies are crucial since they
could provide more detailed information about R&D tax incentive policies at firm
structure level thereby enabling countries to improve their R&D public policies, in
most cases it is a challenge to find appropriate firm-level data for countries. This also
makes it difficult to compare countries’ R&D tax incentive policies from a micro

perspective.

Empirical efforts in the literature for tackling these challenges over the years have led
to variation between studies. Although both cross-country and firm-level studies in

general find R&D tax incentives effective, they differ in many aspects:
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1. Objective of the Study: While some studies focus on cross-country data from a
macro perspective and aim to measure an overall R&D tax incentive impact for a
country group, others focus on the effectiveness of R&D tax incentives in a specific
country or for a specific R&D tax incentive program from a micro perspective by

using firm-level data.

2. Methodology: The impact of R&D tax incentives is examined mainly by using
structural models and estimating the elasticities of business sector R&D
expenditures to R&D tax relief or applying quasi-experimental methods such as
matching and DiD and comparing situations among beneficiaries and

nonbeneficiaries.

3. Impact Indicator: For evaluating the effectiveness of R&D tax incentives, it is
important to determine where the impact of R&D tax incentives should be
observed. While most studies investigate the impact of R&D tax incentives on R&D
expenditures of firms, there are limited studies that focus on the impact on the

innovation performance of firms.

Cross-country studies generally apply structural models and focus on business sector
R&D expenditures. For investigating the effectiveness of R&D tax incentives, they
estimate the elasticity of business sector R&D expenditures to R&D tax relief
generally for both the short run and the long run. In general, the elasticity of business
sector R&D expenditures to R&D tax relief increases in the long run. While the

elasticity is between 0.1 and 0.5 in the short run, it approaches 1 in the long run.

The heterogeneity between the results of firm-level studies is higher compared to that
of cross-country studies. One reason behind this variation in results might be that firm-
level studies concentrate on country-specific R&D tax programs and they differ widely
in many aspects such as their targeted groups (like SMEs or large firms), geographic

implementation area, and structural forms (tax credit/tax allowance).

Firm-level studies generally apply matching techniques and DiD methods, which are
based on the comparison of treatment (being a beneficiary) and nontreatment (not
being a beneficiary) cases. While studies generally focus on the impact of R&D tax

incentives on R&D expenditures of firms, very few studies focus on innovation outputs
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such as patent facilities and new product/services. Firm-level studies also find R&D
tax incentives in general effective especially for raising business sector R&D
expenditures. In most studies, R&D tax incentives have a positive effect on R&D
expenditures of firms. On the other hand, the effect of R&D tax incentives on
innovation outputs is mostly limited or statistically insignificant. This means that while
the impact of this policy is seen on the input side of innovation activity, it is difficult
to observe the positive effects of the policy in most cases on the output side of the

innovation process.

While firm level studies determine the effect of R&D tax incentives, the studies that
calculate the extent of this effect are limited. It may be related to data restrictions or
inadequacies. When the studies that can calculate the extent of the effect are evaluated,
despite the results differ from country to country, they find multiplier generally around

1 or between 0 and 1.

In addition, the empirical literature about the effectiveness of R&D tax incentives
generally focuses on developed countries although it is a widely used instrument in

developing countries as well.

In the following section, the evolution of R&D tax incentives and recent policy in
Turkey will be explained.
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CHAPTER IV
EVOLUTION OF R&D TAX INCENTIVES IN TURKEY

Although several attempts have been made over the last 50 years in Turkey to promote
R&D activities parallel to developments in the world economy and growth theories,
major steps were taken in the 2000s towards promotion, especially for the business

sector.

As a result of efforts to increase R&D activities, gross domestic expenditures on R&D
(GERD) as a percentage of GDP doubled in 2019 compared to 2001 and reached
1.06% (Figure 5), and the number of FTE R&D personnel increased sevenfold to
182,847 (Figure 6) in the same period.
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Figure 5. R&D Intensity in Turkey, 2001-2019 (Source: TURSKTAT)
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Figure 6. R&D Personnel in Turkey (thousand people, 2001-2019) (Source:
TURSKTAT)

Figure 7 shows the shares of the business sector, higher education, and government
sector in total R&D expenditures. As a consequence of policies aiming to increase
business sector R&D expenditures, financial and nonfinancial corporations’ share in
total R&D expenditures increased during the period 2001-2019 and, as of 2019, more

than 50% of total R&D expenditures come from the business sector.
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Figure 7. Shares of Sectors in Total R&D Expenditures (%, 2001-2019) (Source:
TURSKTAT)
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On the budget side, budget appropriations and outlays on R&D’ (at 2015 constant
prices and PPP $) more than doubled from 2008 to 2019 (Figure 8) and, as of 2019,
Turkey ranks tenth among the OECD and non-OECD countries with 8.1 billion (at
2015 constant prices and PPP $) budget appropriations and outlays on R&D (Figure
9).
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Figure 8. Central Government Budget Appropriations and Outlays on R&D (at 2015
constant prices and PPP $, billions, 2008-2019) (Source: OECD Database, May 2021)
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Figure 9. Top 10 Countries for Central Government Budget Appropriations and
Outlays on R&D (at 2015 constant prices and PPP $, millions, as of 2019) (Source:
OECD Database, May 2021)
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As in many countries, grants and subsidies are the traditional government R&D
funding mechanism in Turkey for promoting business sector R&D expenditures, but
implementation of R&D tax incentives started with the Technology Development
Zone Law No 4691, which came into force in 2001 for supporting R&D activities in

techno-parks and organized industrial zones.

In 2004, a 40% tax allowance was provided to business sector R&D expenditures
through updating the existing Corporate Tax Law 5520 and Income Tax Law 193.

In 2006, Turkey set ambitious R&D targets within the ninth development plan for the
period 2007-2013 such as increasing R&D expenditures to 2% of GDP, increasing
private R&D expenditures to 60% of GDP, and raising the number of researchers to
80,000 (revised to 150,000 in 2008 since the target had been achieved) in 2013
(Tandogan, 2011).

Policies were also updated in line with the targets set for R&D indicators and in 2008
the R&D Activities Support Law No 5746, which is the basis of R&D tax incentives,
came into force. In 2016 Law 5746 was revised and design activities were also
included and the name of the law was changed to “R&D and Design Activities”.
Moreover, R&D tax incentives in Corporate Tax Law 5520 and Income Tax Law 193
were regulated in Law No 5746.

Figure 10 shows the trends of government funding mechanisms in Turkey in the last
decade. While direct funding of business sector R&D expenditures (as a percentage of
BERD) remained almost flat during 2008-2018 period, government tax relief for
business sector R&D expenditures (as a percentage of BERD) increased significantly

in the same period.
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Figure 10. Direct Funding of Business Sector R&D Expenditures vs. R&D Tax
Incentives (% of BERD, 2008-2018) (Source: OECD Database, May 2021)

R&D tax incentives have become widely used as a policy tool and R&D tax incentives

as a percentage of GDP increased more than fourfold from 2008 to 2018 (Figure 11).
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Figure 11. R&D Tax incentives in Turkey (% of GDP, 2008-2018) (Source: OECD
Database, May 2021)

Not only the amount but also the number of beneficiaries increased over time. The

beneficiaries numbered between 1,000 and 8,000 per year on average during the period
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2010-2018 and the trend in the number of beneficiaries was significantly positive

compared to other countries in the same range (Figure 12).
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Figure 12. Number of R&D Tax Relief Beneficiaries (2010-2018) (Countries with less
than 8,000 and more than 1,000 beneficiaries per year on average) (Source: OECD,
The OECD Report on the R&D Tax Incentives Database (2020), http://oe.cd/rdtax)

As of 2018, the number of R&D tax incentives beneficiaries is more than 5,000.
Regarding the other countries that have more than 5,000 R&D tax relief beneficiaries
in 2018, most of them are pioneers in R&D activities with high R&D expenditures as

a percentage of GDP (Figure 13).
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Figure 13. Number of R&D Tax Relief Beneficiaries, 2018 (Countries with more than
5,000 beneficiaries) (Source: OECD, The OECD Report on the R&D Tax Incentives
Database (2020), http://oe.cd/rdtax)

Today, business sector R&D activities are mainly supported by R&D and Design
Activities Support Law No 5746. The Technology Development Zone Law No 4691,
which accompanies Law No 5746 for supporting business sector R&D activities, is

also still in force.
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R&D and Design Activities Support Law No 5746, which is the backbone of R&D tax

incentives, aims to:

¢ Produce technological knowledge

e Innovate in products and production processes
¢ Increase product quality and standards

e Increase productivity

e Decrease production costs

e Commercialize technological information

e Develop pre-competitive cooperation

through R&D, innovation, and design. It also aims to accelerate the inflow of direct
capital investments towards R&D, innovation and design with technology-intensive
production, entrepreneurship and investments in these fields, and support and
encourage the employment of R&D and design personnel and labor force (The Official
Gazette Republic of Turkey, 2016).

Law No 5746 includes supports and incentives for:

R&D and design centers

R&D and design projects

Pre-competitive cooperation projects

Techno venture capital (The Official Gazette Republic of Turkey, 2016).

Law No 5746 provides special R&D tax incentives to R&D and design centers® for
R&D activities with special conditions. According to Law No 5746 the following are

provided:

e 100% corporate tax base deduction
¢ Income withholding tax exemptions for the salaries of R&D, design, and support

personnel (between 80% and 95% of their salaries)®

8 R&D centers are the separate units of capital companies that have legal or business centers in Turkey, including
permanent establishment of nonresident companies. They must employ a minimum of 50 full-time equivalent R&D
personnel (for design centers 10 FTE R&D personnel)

% Income withholding tax exemption rates are 95%, 90%, and 80%, respectively, for personnel with a PhD or
master’s degree in basic sciences, a master’s degree or undergraduate degree in basic sciences, and others.
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e 50% of the employer’s share of social security premium exemption for R&D,
design and support personnel 5 years period.

e VAT exemption for deliveries of machinery and equipment

e Stamp duty exemption for documents that are provided for R&D, design, and
innovation projects (Deloitte, 2021; The Official Gazette Republic of Turkey, 2016;
PwC, 2021).

Law No 5746 also provides incremental tax incentives for R&D and design centers in
addition to the above-mentioned incentives. These centers are able to deduct extra 50%
of their R&D, innovation, and design expenditures from their corporate income tax
base if they increase any of the indicators that are explained below at least 20%
compared to the previous year. These indicators are:

e The number of registered patents (national or international)

e The number of internationally funded projects

e R&D or design expenditures as a share of total turnover

o Share of researchers with graduate degrees in total R&D personnel
o Share of total researchers in total R&D personnel

e Share of new products’ turnover in total turnover (PwC, 2021).

Table 5 summarizes the structure of incremental R&D tax allowances in Turkey.
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Table 5

Structure of Incremental R&D Tax Allowances in Turkey

Expense Base

C, ME, B, Intangibles

Deducted from

Taxable income

Incremental Rate

50 (qualifying R&D centre)

Base Amount (if
incremental)

R&D expenditures in previous year

Taxability of
R&D Tax Relief

The R&D tax allowance is not taxable

Conditions for
Benefiting from
Incremental R&D
Tax Incentives

The 50% incremental super deduction will be available if the
R&D or design center has at least a 20% increase over the
previous year with respect to any of the following:

Portion of R&D and design expenditure within total
turnover

Number of registered national or international patents
Number of internationally supported projects

Ratio of post-graduate degree researchers to total R&D
personnel

Ratio of all researchers to total R&D personnel

Ratio of the turnover obtained from new products
emerging from an R&D project to total turnover.

C=Current; ME=Machinery and equipment; B=Buildings

Source: OECD, Compendium of Information on R&D Tax Incentives, 2020, http://oe.cd/rdtax

Furthermore, through the regulations of Law No 5746 about Law No 5520 and 193,

100% of R&D expenditures of income and corporate taxpayers are deducted from their

tax bases (The Official Gazette Republic of Turkey, 2016).

Law No 4691 also offers special R&D tax incentives to firms operating in technology

development zones'?. The tax incentives for these zones are:

o Corporate tax exemption of the profits of software development and R&D activities

o VAT exemption for deliveries of machinery and equipment

¢ Income withholding tax exemptions for employees in R&D activities (100%)

e Social security premium exemption for employer’s share of social security

premium for 5 years (Deloitte, 2021; PwC, 2021).

In February 2021, some revisions were made to Law No 5746 and Law No 4691. Some

critical points of these revisions are as follows:

10 Technology Development Zones are the areas that are designed for attracting investment for high-tech sectors.
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e Tax incentive period is extended from 2023 to 2028

e Corporate taxpayers whose annual earnings exempted in Technology Development
Zones and discounted R&D expenditures amount in R&D or design centers is 1
million TL or more will transfer 2% of the said amount to fund accounts, which
will be used as venture capital investment funds. If the amounts are not transferred
to the funds, 20% of annual earnings or R&D expenditures will not be subject to
the tax incentive.

e The liability for the amount to be transferred will be limited to 20 million TL on an
annual basis.

o Before regulation, social security premium and income withholding tax exemptions
were implemented for working hours that were spent in R&D/Design Centers or
Technology Development Zones. Since remote work has increased due to Covid-
19 measures, social security premium and income tax exemptions have been made
available for periods spent outside, provided that they do not exceed 20%?! of the
total working time (The Official Gazette Republic of Turkey, 2021).

The aforementioned new regulation, which concerns benefiting from R&D tax
incentives, may have a decreasing effect on R&D tax incentives. The effects of the

regulation will become apparent in the upcoming period.
Concluding Remarks:
R&D policies gained importance in the 2000s in Turkey in line with other countries.

As a result of ambitious R&D targets, R&D indicators such as R&D intensity and

personnel improved in the last decade.

The share of business sector R&D expenditures in total R&D expenditures has
increased over time and central government budget appropriations and outlays on

R&D have risen in line with the policy targets in the last decade.

For promoting R&D activities in the business sector, both direct and indirect funding

mechanisms have been applied.

11 This rate can be increased up to 50% by the President.
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As an indirect funding mechanism, R&D tax incentives, which provide deduction of
100% of R&D expenditures from corporate tax bases, income withholding tax
exemptions, VAT exemptions, social security premium exemptions have been

regulated with laws and updated over time.

R&D tax incentives have grown in importance compared to direct funding, similar to

the trend in other countries.

The increasing share of R&D tax incentives as a percentage of GDP and as a
percentage of business sector R&D expenditures and the rising trend in number of
R&D tax beneficiaries have reinforced the importance of these policy instruments

recently.

Despite R&D tax incentive amounts being foregone revenue for the budget, when they
are effective, they could stimulate innovation and thus growth and could be positive
in budgetary terms. Therefore, it is important to assess the effectiveness of this policy

instrument.

Over the years, it has been an important government support mechanism in Turkey,
but there is a lack of literature about the effectiveness of this policy instrument. The

study aims to fill this gap.

In the next chapter, the PSM methodology that is applied for investigating the
effectiveness of R&D tax incentives in Turkey will be explained. Furthermore, the
data used in impact analysis will be specified. Finally, the empirical results will be

discussed in Chapter 5.
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CHAPTER V

METHODOLOGY, DATA AND EMPRICAL RESULTS

5.1. Methodology

Efforts for measuring the impact of a treatment or policy implication require the

comparison of treatment outcomes and counterfactual outcomes.

When the binary treatment is T; and it is equal to 1 for beneficiaries and 0 otherwise. i
=1, ..., Nand N indicates the number of total samples. Then the potential outcomes
for each member i of the sample (firm or participant) are Y; (T;) and the impact of the
treatment for i can measured by using the Roy-Rubin model as equation (1) (Caliendo
& Kopeinig, 2008):

7, = ¥;(1) = Y;(0) @)

where 1; denotes the treatment effect

and potential outcome Y; (Ti) for i is the function of observable X and unobservable
U(1) and U(0) as in the equations (2) and (3) (Heckman et al., 1997):

Y,(1D) = g:(DX) + Uy(1) @)
Y;,(0) = g:(0)(X) + U;(0) ©)

Therefore, measuring the impact of a treatment requires the counterfactual outcome
Y;(0) that shows what if the beneficiary does not benefit from the treatment (program)
but it is impossible to get this answer. Once a firm or an individual benefits from a
treatment or a policy program, it is impossible to observe the outcome(s) without

treatment for same person or firm.

68



Measurement efforts for impact of a treatment mostly focus on treated sample and
calculate the average treatment effect on the treated (ATT) by using mean outcomes

as in the equation (4):
tarr = E(7|D = 1) = E[Y(1)|D = 1] — E[Y(0)|D = 1] @)

Counterfactual mean E[Y(0)|D = 1], which is the answer of the question of what if
the treated group does not benefit from the treatment, is not observable. If E[Y(0)|D =
1 is replaced with the mean outcome of non-beneficiaries E[Y(0)|D = 0] then

equation (4) will be revised as equation (5) and (6):

Tarr = E[Y(1)|D = 1] — E[Y(0)|D = 0] — E[Y(0)|D = 1] + E[Y(0)|D = 0]
()

Tarr + E[Y(0)|D = 1] — E[Y(0)|D = 0] = E[Y(1)|D = 1] -
E[Y(0)ID = 0] (6)

However, in this method, unless E[Y(0)|D = 1] — E[Y(0)|D = 0] = 0, ATT cannot
give the impact of the treatment because beneficiaries and non- beneficiaries could
differ even without treatment and this problem is called as selection bias
(E[Y(0)|D = 1] — E[Y(0)|D = 0] # 0 case).

One possible solution of selection bias is randomization of treatment. When the
randomizing the treatment is not possible, matching approach could solve the selection

bias problem.

The idea behind the matching approach depends on creation a control group, which
consist of non-beneficiaries with most similar observable characteristics X that, are
not affected by treatment to beneficiaries and matching each beneficiary with a most
similar non-beneficiary. Then the differences of average outcomes can give the impact
of the treatment (Khandker et al., 2010).

Identifying a control group with most similar characteristics to treatment group could
be difficult in a long vector X which is called as “curse of dimensionality”. It could be
difficult to find a similar firm or participant in terms of many characteristics (Khandker
etal., 2010).
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To deal with this problem, Rosenbaum and Rubin (1983) propose to apply balancing
scores b(X) which are the function of the relevant observed characteristics X and in

given b(X), conditional distribution of X is independent of benefiting treatment.

Propensity Score Matching (PSM) method which eliminates the selection bias and
bases on balancing scores is applied widely in the literature for investigating the impact
of a treatment.

PSM depends on the calculation of probability of benefiting (participating) from a
treatment for all sample (both beneficiaries and non-beneficiaries) by using observed

characteristics of participants.
The validness of PSM is depends on two assumptions:

1. Conditional Independence: Potential outcomes Y are independent of treatment T in
a given set of observed covariates X that are independent from treatment (Caliendo
& Kopeinig, 2008).

(Yi(1) ,Yi(0)) L Ti| Xi.

This condition assumes that benefiting from a treatment and outcomes of a treatment
base on solely observed characteristics. In other words, unobserved characteristics are

not effective in both treatment participation decide and outcomes.

The validity of this assumption is reinforced by using a rich covariates X variable set
in the application of propensity scores and the selection of covariates X depends on
prior empirical studies and theory (Morris et al., 2013).

2. Overlap (Sizable common support): Overlap area between beneficiary and non-
beneficiary samples with same characteristics X should be sizable (Khandker et al.,
2010).

In other words, control group should be sufficient for comparison with treatment
group. If the overlap area between two groups is too small, then matching estimator is
not valid (Aerts & Czarnitzki, 2004).
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Examples of common support region and poor common support case are in the Figure

14 and Figure 15 respectively:

Density of scores
| for non-
beneficiaries

Density

Density of scores for beneficiaries

0 Region of Common Support 1

Figure 14. Example of Common Support Region (Source: Khandker et al., 2010,
“Handbook on Impact Evaluation: Quantitative Methods and Practices”, p.57)

- Density of scores for
non-beneficiaries

Density of scores for beneficiaries

Density

0 Region of Common Support 1

Figure 15. Example of The Poor Common Support Case (Source: Khandker et al.,
2010, “Handbook on Impact Evaluation: Quantitative Methods and Practices”, p.57)

Deciding which covariates should be taken into consideration while applying PSM is
a critical step for validness of PSM. X are the covariates that determine the benefiting

from the treatment and X are determined by applying logit or probit models. Since
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these models are not determinants of model, statistics such as t-statistics and the
adjusted R? can be misleading. Therefore, in determining X covariates by applying
these models, correlation of X with T should be taking into consideration. If all related
X does not include in the model, the PSM results will be biased. However, using too
many X in the model can cause over specification and higher standard errors for the
estimated propensity scores (Khandker et al., 2010).

For validity of PSM, the selection of matching method is another important step. The

matching approaches are:

1. Nearest neighbor matching: Each treatment unit is matched to the control unit
that has the closest propensity score. It is one of the mostly used matching methods.
Same non-beneficiary can be used for matching with different beneficiaries in
matching process and this method is called as replacement. Allowance of
replacement increases the average matching quality and decreases the bias. If the
matching is applied without replacement, then the estimation results will depend on
the order of matching observations. For this reason, when nearest neighbor
matching is done without replacement; order of matching observations should be
random.

2. Caliper and Radius matching: In nearest neighbor matching method, nearest
neighbor could have a very high propensity score and, in this case, the matching
quality could be poorer. Therefore, defining a threshold could help to overcome this
challenge. Caliper is the maximum propensity score distance, which drops the non-
beneficiaries that have a propensity score outside the specified limits. Although this
method helps to increase matching quality, it could also increase the sampling bias.
Radius matching is a variant of caliper matching. In this method, all control group
members within the caliper are used instead of using just nearest neighbor within
each caliper. Therefore, it allows the usage of more members from comparison
group if they are available without bad matching risk.

3. Stratification and interval matching: In this matching method, common support
area is divided to different strata and impact is calculated with in each stratum. The
weighted averages of each calculation give the overall impact of the treatment.
Weighting is done by taking into consideration the share of beneficiaries in each

stratum.
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4. Kernel matching and local linear matching (LLM): In abovementioned
matching methods, the sample of non-beneficiaries that satisfy the criteria and are
in the common support area could be small. In kernel and local linear matching, the
weighted averages of all members in the control group are used for setting up
counterfactual outcome. Therefore, this matching method decreases the variance
since it uses more information. On the other hand, it could use the bad matches. For
avoiding use of bad matching, imposing common support condition is highly
important in this method (Caliendo & Kopeinig, 2008; Khandker et al., 2010).

PSM method has several advantages. Since unobserved characteristics are negligible
and observed characteristics for benefiting from treatment are well defined, PSM
method is a good method for comparison. Moreover, a baseline or panel survey does
not require for application of the method. Since it is semiparametric, it requires fewer
constraints for the functional form of treatment model and assumptions for distribution
of error term (Khandker et al., 2010).

Furthermore, regression-based methods, which use the propensity scores as weight for
beneficiary and non-beneficiary groups, produce efficient estimates. In this method, a
linear model is used for outcome and weights are applied to the matched comparison
group due to propensity scores. Under the assumption that unobservable
characteristics do not change over time, this method gives chance to control

unobservable characteristics (Khandker et al., 2010).

Other methods such as difference in difference, instrumental variables and regression
discontinuity can also be used in the impact analysis of the treatment. However,
selection of the method for investigating the effect of a treatment depends on the data

structure.

For applying instrumental variables method, it is required to find a good instrument
for treatment. Since the impact of R&D tax incentives is investigated in the study, it is
hard to find a valid instrument for R&D tax incentives.

Similarly, regression discontinuity and difference in difference methods cannot be
applied in the study due to the limitations in the data. While regression discontinuity

method requires a cutoff point, difference in difference method requires the before and
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after treatment situations. Since the data contains neither before and after treatment
status of the members nor cutoff point, it could not be possible to apply also these

methods in the study.

Considering the data structure, PSM and regression-based models are used in the

study.
5.2. Data
5.2.1. Dataset

In this study, the effectiveness of tax incentives is investigated by using two combined
datasets which are constructed the from Innovation Survey (2018), Financial and
Nonfinancial Corporations Research and Development Activities Survey (2018),
Foreign Trade Statistics (2018), Company Accounts Statistics (2017-2018) and
Annual Business Registers Framework (2018) Micro Datasets of TURKSTAT®,

The Innovation Survey (2018), which is compiled about the innovation activities of
firms and sources and the costs and strategies of these activities for the period 2016-
2018, is the main source used in the study since it includes a question about whether
firms are R&D tax incentive beneficiaries during the period 2016-2018. The survey
(2018) covers 12,593 firms.

The firms’ characteristics and R&D activity data are supported by using the Financial
and Nonfinancial Corporations Research and Development Activities Survey (2018),
which is compiled with annual surveys and administrative registration information.
The survey covers 7251 firms for 2018. It aims to provide detailed information about
the firms' R&D activities in the context of R&D personnel structure, R&D

expenditures, and the finance sources of R&D activities.

For defining the firms’ characteristics such as firm age, turnover, foreign trade status
and financial conditions the Foreign Trade Statistics (2018), Company Accounts
Statistics (2017-2018) and Annual Business Registers Framework (2018) Micro

Datasets are also used in the study.

12 Detailed information about the surveys and statistics are available on the TURKSTAT web page
https://www.tuik.gov.tr/Kurumsal/Mikro_Veri.
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After the combination of the above-mentioned surveys and statistics, the first dataset

(d_total) covers 917 firms and all firms engaging in R&D activity in 2018.

According to the d_total, 70% of firms are manufacturing firms and 17.1% of firms

are in the information and communication sector. Of the manufacturing firms, 65.3%

are R&D tax beneficiaries as seen in Table 6.

Table 6
R&D Active Firms by Sectors*
R&D tax Proportion of R&D
Number | incentive tax incentive
Sectors of firms | beneficiaries| beneficiary firms
Mining and quarrying 7 5 71.4
Manufacturing 639 417 65.3
Electricity, gas steam and air conditioning
supply 8 3 37.5
Water supply; sewerage, waste management
and remediation activities 3 0 -
Wholesale trade, except of motor vehicles
and motorcycles 34 26 76.5
Transportation and storage 14 10 71.4
Information and communication 157 135 86.0
Architectural and engineering activities,
technical testing and analysis 12 7 58.3
Scientific research and development &
Advertising and market research 43 34 79.1
Total 917 637 69.5

(*) Data has been aggregated for sectors that have 2 or less firms at the request of TURKSTAT.

Source: TURKSTAT

Table 7 shows the structure of the dataset according to the size of the firms. Of the

total firms in the dataset (917 firms), 62.2% are large firms and almost 70% of them

are tax beneficiaries during the investigation period.

Table 7
R&D Active Firms by Size
Proportion of R&D tax
R&D tax incentive incentive beneficiary

Firm Size | Number of firms beneficiaries firms
Small 174 117 67.2
Medium 173 129 74.6
Large 570 391 68.6
Total 917 637 69.5

Source: TURKSTAT
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Most of the firms are between 11 and 30 years old in the data for 2018 and in all age
groups more than 50% are R&D tax beneficiaries as seen in Table 8. Although the
number of young firms is relatively small, the proportion of beneficiaries is high

among all the age groups.

Table 8
R&D Active Firms by Age
Proportion of R&D

Firm R&D tax incentive |tax incentive
age Number of firms beneficiaries beneficiary firms
0-5 87 69 79.3
6-10 98 65 66.3
11-20 265 192 72.5
21-30 339 224 66.1
31-40 86 56 65.1
41-50 29 23 79.3
50+ 13 8 61.5
Total 917 637 69.5

Source: TURKSTAT

Another important feature of firms is their integration into the international markets
for R&D activities. While 85% of the total firms included in the study are integrated
to international markets, 68% of these firms are R&D tax incentive beneficiaries as

seen in Table 9.

Table 9

R&D Active Firms by Foreign Trade Status
Proportion of R&D
R&D tax incentive tax incentive
Exporter/Importer Number of firms beneficiaries beneficiary firms
Yes 776 527 67.9
No 141 110 78.0
Total 917 637 69.5

Source: TURKSTAT

Later, the Company Accounts Statistics (2017), which provide information about the

financial statements of firms, are also added to the dataset to enrich the study.

Since Company Account Statistics (2017) are not available for 917 firms, the second
dataset (d_bs) covers 617 firms and it is a sub-sample of the first dataset. The details
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of the second dataset such as sectors, age, and foreign trade status are given in
Appendix B.

As a result of the updating of the Guidelines of the Oslo Manual, which is the main
source for compiling innovation statistics, there have been changes in the
methodology. As a result of the change in the definition and types of innovation, a
time series comparison for research is not possible. Therefore, an important factor
limiting the study is that the dataset is only a cross section and this hinders long-term

evaluations and makes examination of the causalities difficult.
5.2.2. Treatment Variable

The treatment variable of the study is firms’ situation regarding their benefiting from
R&D tax incentives. It is investigated for the first time in the Innovation Survey (2018)

and announced in December 2019.

Since R&D tax incentives received by firms are a binary variable in the survey, they
are used only as a dummy variable in the study. If firms benefit from R&D tax

incentives during the period 2016-2018, it takes a value of “1”, otherwise “0”.

Among the 917 firms in the first combined dataset, 637 are R&D tax incentive
beneficiaries during the period 2016-2018.

On the one hand, the fact that firms' R&D tax incentives are included in the survey for
the first time makes this study more important, but, on the other hand, it hampers

investigation of the effectiveness of R&D tax incentives over a longer time period.
5.2.3. Control Variables

Defining variables as control variables that affect a firm’s decision about benefiting
from R&D tax incentives is a critical step for ensuring the validity of the results.
Correct determination of control variables is important since it enables the conditional
independence assumption to be held, which ensures that the outcome variable is
independent of the treatment conditional on the propensity score (Sterlacchini &
Venturini, 2019).
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In this regard, control variables include variables that simultaneously affect the
participation decision and the outcome variable (Caliendo & Kopeinig, 2008).

In empirical studies, selection of control variables mostly depends on previous
empirical literature, economic theory, and the statistical significance of the probit/logit

model.

In the study, a probit model is applied for determining the control variables. In this
model, only variables that are not influenced by R&D tax incentives (treatment) and
affect firms’ decision about benefiting from R&D tax incentives and the outcome

variable are included in the light of the empirical literature and economic theory.

For this purpose, control variables that are fixed variables over time or have not been
affected by the expectation about participation are chosen (Caliendo & Kopeinig,
2008). The control variables are used to the extent permitted by the data source. It is
aimed to include a large set of control variables for determining counterfactuals with
the most similar features since omitting important variables can increase the bias in
the estimation (Aralica & Botri¢, 2013; Caliendo & Kopeinig, 2008; Heckman et al.,
1997). The selected control variables and the reasons behind their selection are as

follows.

Sectoral differences are important in R&D engagement since it affects the R&D
facilities of firms. Manufacturing and nonmanufacturing firms can differ in terms of
R&D activities in many aspects. Protection of intellectual property can be more
difficult in the service sector compared to the manufacturing sector (Czarnitzki & Fier,
2002). R&D intensity is another factor that can differ between manufacturing and
nonmanufacturing firms. Manufacturing firms can be more R&D intensive and their
R&D tax incentive claims can be higher compared to nonmanufacturing firms
(Kobayashi , 2014). Innovation strategies in the service sector can be also different
from those in the manufacturing sector (Freitas et al., 2017). Technological capability
is another factor that differs among sectors and affects the R&D activities of firms.
Although new services such as information and communication technologies have
high technological capability, the manufacturing sector still dominates R&D activities.
The service and manufacturing sectors also differ in terms of production technologies
(Czarnitzki & Fier, 2002).
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According to the empirical literature, the R&D tax price elasticity of firms also can
differ regarding their industries (Yang et al., 2012). In addition, for taking into
consideration unobservable differences between firms such as fixed costs differences,
sectoral differences should be included in the study (Carboni, 2017). For the reasons
mentioned above, being a manufacturing firm (dum_manu) is a dummy variable in the

study.

According to the literature, firm size can be an important factor for the effectiveness
of R&D tax incentives and firms’ R&D decisions. Koga (2003) stated that R&D tax
price elasticity may differ according to the firm size. He found that it is higher for large
firms. Firm size could also affect the R&D decisions according to organizational
structure, specialization, and easy access to financial markets (Carboni, 2017). It could
be also important for the tax incentive awareness of the firm. The probability of
receiving public support for R&D could be higher for larger firms if smaller ones are
not supported explicitly (Dumont, 2017). For these reasons, firms are grouped as small
(small), medium (medium), and large (large) based on the number of employees. Firms
that have between 10 and 49 employees are defined as small, those that have between
50 and 249 are defined as medium, and those that have 250 or more are defined as
large, and small (small) and medium (medium) variables are used as dummy variables

in the study®.

While firm age is another important factor in firms’ R&D activities, the effect of firm
age on firms’ R&D activities and thus their R&D tax incentive claims is unclear
(Dumont, 2017; Yang et al., 2012). On the one hand, innovative activities could
increase with firm age if “learning by doing” (Arrow, 1962) occurs. On the other hand,
young firms may tend to be more innovative compared the older ones, as is the case in
Turkey (The World Bank, 2019). Hence, firm age (age) is also included in the study

as a control variable.

Integration into international markets can be another important factor in R&D
activities since competition forces firms to be more innovative. Hence it increases the

application for incentives and subsidies (Carboni, 2017). Therefore, the export and

13 Large firms (large) are taken as the reference (base category).
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import activity of firms (international_markets) is also included as a dummy variable

in the study.

Benefiting from other R&D subsidies can be an indicator about a firm’s awareness
about public support (Corchuelo & Martinez-Ros, 2009). It can increase the
probability of benefiting from R&D tax incentives. On the other hand, it is an
important factor that can affect the R&D activities of the firm. Therefore, benefiting
from other R&D subsidies (other_subsidies) during the period 2016-2018 is controlled

for in the study by including other_subsidy as a dummy variable.

Belonging to a group can affect the financial conditions of a firm. It can reduce the
financial constraints of the firm (Carboni, 2017). It can also help the firm to benefit
from prior experiences of R&D tax incentives within the group (Aralica & Botri¢,
2013). Belonging to an enterprise group like a holding or group of companies

(belongs_to_group) is added to the model as a dummy variable.

Moreover, engaging in R&D cooperation with other institutions or enterprises can also
affect the R&D activities and R&D tax claims of firms. It can increase the diffusion
of knowledge (Aralica & Botri¢, 2013). Therefore, the R&D cooperation status of

firms (cooperation) is also used as a dummy variable in the model.

Being a part of a multinational company or foreign ownership is another important
firm characteristic for R&D activities and decisions since it allows knowledge
spillovers and affects financial conditions. Therefore, being a domestic firm

(domestic_firm) is also included in the study as a dummy variable.

Having qualified employees is another important factor for the innovation activities of
firms. Inadequacy in human capital can hamper innovative activities (Corchuelo &
Martinez-Ros, 2009; Freitas et al., 2017; Sterlacchini & Venturini, 2019). It can also
affect the R&D tax incentive claims of firms since it influences innovation activities.
Hence, the firm’s situation in terms of having qualified employees
(qualified_employees) is used in the study as a dummy variable. It takes “1” for firms
that the share of higher education graduate employees on total employees is higher

than 50%, “0” otherwise.
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In the Innovation Survey (2018), some of the firms list inadequacy of financial
resources within the enterprise and/or loans and capital inadequacy as important
factors that hinder the innovation activities of firms. Since financial constraints are
important for both the R&D activities and R&D tax incentive claims of firms, the
question of whether financial constraints hamper the firm’s innovation activities
(financial_constraint) is included as a dummy variable in the study. It takes “1” for
firms that indicate inadequacy of financial resources within the enterprise and/or loans
and capital inadequacy as important factors which hamper innovation activities, “0”

otherwise.

For the purpose of extending the study, the balance sheet information of firms is also
added as control variables in the second model. The profitability of firms is an
important factor for the propensity to apply for R&D tax incentives since firms that
have higher profitability can spend more on R&D activities and therefore, they more
likely to claim R&D tax incentives (Yang et al., 2012). Profitability (profitability) is
defined as net profit over total sales in line with the literature. For the conditional
assumption to hold, one-year lagged value of profitability (2017) is used in the second
model since profitability is only available for a small sample of firms for the beginning
of the treatment period, 2016.

Financial debt situation is another important factor for the R&D activities of firms,
although the sign of the effect on a firm’s R&D activities is not clear. As access to
finance becomes easier, the R&D activities of firms can increase since it is an
additional financial source for their R&D activities. On the other hand, increasing
indebtedness can hamper the R&D activities of firms (Ravselj & Aristovnik, 2020).
The financial liability situation of firms (financial _leverage) is described as total
liabilities (short and long-term) divided by total assets in line with the literature and

one-year lagged value of it is used in the study for the same reason as profitability.

For robustness check, the second model is also estimated with 2018 values of
profitability and financial_leverage. ATT result of the model does not differ widely
from second model. The result is consistent with second model. It is provided in

Appendix E.
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5.2.4. Outcome Variables

Since the effectiveness of R&D tax incentives is investigated in the context of input
additionality, the impact of R&D tax incentives on R&D intensity is examined in the
study in line with the literature. For the calculation of R&D intensity, net R&D

expenditures of firms in 2018 are divided by total turnover in same year.

All variables except for the dummy variables and firm age are used by transforming

them to natural logarithms.

A summary of all variables used in the study and the descriptive statistics of datasets

are presented in Table 10 and Table 11 respectively.
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Table 10
Variables Used in the Study

turnover

Variables Type Description Source
Treatment| rd tax incentives Dumm Equal 1 for firms that benefit from tax incentives | Innovation Survey
- = Y in the period 2016-2018, O otherwise (2018)
d_manu Dummy Equal 1 for manufacturing firms, O otherwise Innova(tzlc(;r;-z;urvey
small Dumm Equal 1 for firms that have between 10 and 49 Innovation Survey
Y employees, 0 otherwise (2018)
. Equal 1 for firms that have between 50 and 249 Innovation Survey
medium Dummy .
employees, 0 otherwise (2018)
Annual Business
age Number Firm age in 2018 Registers
Framework (2018)
Financial and
Nonfinancial
Corporations
belongs_to_group | Dummy Equal 1 for firms belong to a group Research and
Development
Activities Survey
(2018)
Financial and
Nonfinancial
. . . Corporations
. . Equal 1 for firms have domestic capital more than P
domestic_firm Dummy Research and
50%
Development
Activities Survey
Control (2018)
cooperation Dumm Equal 1 for firms have R&D cooperation, O Innovation Survey
P Y otherwise (2018)
other subsid Dumm Equal 1 for firms benefit from other R&D Innovation Survey
- Y Y subsidies in the period 2016-2018, O otherwise (2018)
international_markets | Dumm Equal 1 for exporter/importer firms, O otherwise Foreign Trade
— v[ Ea p P ' Statistics (2018)
Equal 1 for firms that the share of higher .
e h Innovation Survey
qualified_employees | Dummy |education graduate employees on total employees (2018)
is higher than 50%, O otherwise
Equal 1 if firm lists inadequacy of financial
. . . resources within the enterprise and/or loans and Innovation Survey
financial_constraints | Dummy . .
capital inadequacy as important factors that (2018)
hinder the innovation activities of firms
Company
. . . Total liabilities (short and long-term) over total Accounts
financial_leverage Ratio s
assets Statistics (2017-
2018)
Company
I . y . Accounts
i I R Profit of fi I
profitability atio rofit of firm over sales Statistics (2017-
2018)
Financial and
Nonfinancial
Corporations
. ) Research and
Outcome rd_intensity Ratio Net R&D expenditures of firms over total Development

Activities Survey
(2018), Annual
Business Registers
Framework (2018)
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Table 11

Descriptive Statistics of Datasets

First Dataset (d_total)

Variable rd_tax_incentive=1 N'= 637 rd_tax_incentive=1 N°= 280
Mean Std. Dev. Mean Std. Dev.
rd_intensity 0.814 0.130 0.726 0.118
dum_manu 0.655 0.476 0.793 0.406
small 0.184 0.388 0.204 0.403
medium 0.203 0.402 0.157 0.365
age 19.699 11.729 20.946 12.165
belongs_to_group 0.349 0.477 0.314 0.465
domestic_firm 0.845 0.363 0.846 0.361
cooperation 0.570 0.495 0.286 0.453
other_subsidy 0.774 0.419 0.421 0.495
international_markets 0.827 0.378 0.889 0.314
qualified_employees 0.438 0.497 0.286 0.453
financial_constraints 0.590 0.492 0.579 0.495
Second Dataset with Financial Conditions (d_bs)
Variable rd_tax_incentive=1 N'= 440 rd tax_incentive=1 N°%= 177
Mean Std. Dev. Mean Std. Dev.
rd_intensity 0.792 0.089 0.724 0.721
dum_manu 0.752 0.432 0.842 0.366
small 0.111 0.315 0.130 0.337
medium 0.173 0.378 0.153 0.361
age 21.640 10.704 21.876 10.080
belongs to group 0.395 0.490 0.288 0.454
domestic_firm 0.850 0.357 0.876 0.331
cooperation 0.625 0.485 0.282 0.451
other_subsidy 0.814 0.390 0.418 0.495
international_markets | 0.893 0.309 0.927 0.262
qualified_employees | 0.355 0.479 0.232 0.423
financial_constraints | 0.570 0.496 0.576 0.496
financial_leverage 1.811 0.108 1.809 0.959
profitability 0.852 0.066 0.834 0.737

5.3. Empirical Results

In the study, the effectiveness of R&D tax incentives is investigated by applying
PSM* for two datasets.

According to the Heckman, Ichimura, and Todd (1997, 1998), bias in PSM could be
low and, thus, the estimation performance of the method could be better under the

following conditions:

1. Using the same data source for the treatment and control groups

14 «psmatch2” STATA command is applied in line with the literature.
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2. Including a broad set of control variables X

3. Using treatment and control groups that operate in the same location and market
and are exposed to the same economic incentives (Cintina & Love, 2019; Khandker
etal., 2010).

In the study, all three conditions above are satisfied for both of the datasets. The same
surveys and statistical databases are used for both the treatment and control groups and
both groups are in the same geographic area. Further, a rich dataset is used for control
variables by taking into consideration the empirical literature and/or economic theory.
The Innovation Survey (2018) and Financial and Nonfinancial Corporations Research
and Development Activities Survey (2018) provide detailed information about firms’
R&D activities. The Foreign Trade Statistics (2018), Company Accounts Statistics
(2017), and Annual Business Registers Framework (2018) are also very informative
about firms’ characteristics such as firm age, turnover, number of employees, foreign
trade status, and balance sheets. They are all used as observable characteristics that

affect benefiting from R&D tax incentives and the R&D expenditures of firms.
5.3.1. Empirical Results of the First Model

In the study, the control variables X that are explained above are decided on by

applying a probit model. The results of the probit model are given in Table 12.
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Table 12
Probit Model Results

Dependent: rd_tax_incentives Coef. Std. Err.
dum_manu -0.432* 0.141
small -0.401** 0.159
medium -0.062 0.142
age -0.007 0.005
belongs_to_group 0.015 0.113
domestic_firm -0.010 0.142
cooperation 0.603* 0.100
other_subsidy 0.851* 0.098
international_markets -0.219 0.167
qualified_employees 0.239** 0.115
financial_constraints -0.002 0.098
_cons 0.356 0.250
Observation 917
LR chi2 (11) 181.67
Prob>chi2 0.0000
Pseudo R2 0.1610
Log likelihood -473.41616

* Significant at 1%
** Significant at 5%

In the probit model, the R&D cooperation status of firms and benefiting from other
R&D subsidies affect positively the probability of benefiting from R&D tax incentives
at the 1% significance level. Having qualified employees affects positively this
probability at the 5% significance level. While being a manufacturing firm affects
negatively the probability of benefiting from R&D tax incentives at the 1%
significance level, being a small firm affects negatively this probability at the 5%
significance level. Although other variables are not significant individually, all
variables of the probit model are used as control variables in the estimation since the

probit model is significant.

The propensity scores for benefiting from R&D tax incentives are calculated™® by
using the probit model with the control variables determined above. The region of
common support where the distributions of propensity scores of benefiting and
nonbenefiting groups overlap is defined and the balancing test is applied.

15 Propensity scores for benefiting from R&D tax incentives are calculated by applying the “pscore” command,
developed by Becker and Ichino (2002) in STATA 16. Detailed information about the “pscore” command’s
algorithms is provided in Appendix C.
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Then the treatment group, which consists of R&D tax incentives beneficiaries, is
matched with the control group, which consists of the nonbeneficiaries with the most

similar characteristics to the treatment group on the basis of their propensity scores.

In the study, kernel matching®, which is a frequently used matching method in the
empirical literature, is applied since it allows us to use more information from the
control group with smaller variance in ATT by using the weighted averages of
propensity scores of control group members. The risk of including bad matches from
the control group is reduced by applying common support. Therefore, the treated firms
that have propensity scores outside of the untreated firms’ propensity score range are

discarded (Caliendo & Kopeinig, 2008; Sterlacchini & Venturini, 2019).

Table 13 shows the kernel matching results, which are obtained by using the
propensity scores. Under the assumptions of conditional independence and sizable
common support, the mean differences in outcomes over common support give the

ATT, which shows the impact of the treatment.

The difference between the treated and control groups are smaller in ATT than the
unmatched result. This means that the unmatched difference result is overestimated
since it ignores selection bias. PSM allows us to correct selection bias. According to
the ATT result, which is obtained by applying PSM, R&D tax incentives have a
positive and statistically significant effect on firms’ R&D intensity. R&D tax incentive
beneficiary firms have 7% higher R&D intensity than they would have had without

R&D tax incentives.

Table 13
ATT of R&D Tax Incentives
Treatment Variable: rd_tax_incentives
Outcome Variable: rd_intensity
Treated Controls Difference t stat
Unmatched 0.814 0.726 0.088 9.65
ATT 0.809 0.734 0.073 6.22

16 For the matching procedure the “psmatch2” command, developed by Leuven and Sianesi (2003), is applied in
STATA 16.
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After matching the treated and control groups mean values and t stats show that both
groups are balanced regarding the control variables as shown in Table 14 and Figure
16.

Table 14

Descriptive Statistics Before and After Matching

Before Matchin After Matching

Variable Treated Control | p>|t| Treated | Control |p>[t|
dum_manu 0.655 0.793 0.00 0.693 0.676 0.54
small 0.184 0.204 0.48 0.194 0.206 0.63
medium 0.203 0.157 0.11 0.173 0.164 0.68
age 19.699 20.964 0.14 20.058 19.378 0.31
belongs_to_group 0.349 0.314 0.31 0.342 0.311 0.25
domestic_firm 0.845 0.846 0.94 0.847 0.839 0.68
cooperation 0.570 0.286 0.00 0.545 0.536 0.75
other_subsidy 0.774 0.421 0.00 0.761 0.758 0.91
International_markets 0.827 0.889 0.02 0.839 0.813 0.24
qualified_employees 0.438 0.286 0.00 0.405 0.393 0.68
Financial_constraint 0.590 0.579 0.74 0.593 0.640 0.10
Sample MeanBias MedBias

Unmatched 23.2 11.8

Matched 4.1 2.8
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Figure 16. Matching Results

Kernel density estimates of propensity score distributions are shown in Figure 17
regarding the matching status. The figure shows that the distributions overlapped

sufficiently after matching.

4 6 8 4 6 8
Estimated Propensity-Score (Before) Estimated Propensity-Score (After)

treated - - - -~ control ‘ ‘ treated - - - control ‘

Figure 17. Kernel Density Estimates of Propensity Score Distributions

As a robustness check, in line with the literature, the kernel matching results are
checked by applying nearest neighbor matching. The result of this matching method

Is consistent with the results of kernel matching and it is shown in Appendix D.

89



5.3.2. Empirical Results of the Second Model (Including Financial Conditions)

In order to enrich the study, for the financial condition variables of firms,
financial_leverage and profitability control variables, which are defined in section

5.2.3, are added to the study in the second model.

These variables are defined by using balance sheets and income statements statistics
obtained from Company Accounts Statistics (2017).

Since these statistics are not available for all 917 firms from the first model, the second
dataset includes only 617 firms from the first dataset. Therefore, it is a sub-sample of
the first dataset.

All estimation steps and methods of the first model are preserved in the second model.
The control variables, which include financial_leverage and profitability this time, are

decided on by applying the probit model.

The results of the probit model are given in Table 15. According to the results, the
R&D cooperation status of firms and benefiting from other R&D subsidies positively
affect the probability of benefiting from R&D tax incentives at the 1% significance
level. Profitability affects this probability 5% significance level. Only being a
manufacturing firm negatively affects the probability of benefiting from R&D tax
incentives at the 10% significance level. Since the probit model is significant, all other

variables are also used as control variables in the study.
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Table 15

Probit Model Results (Second model with Financial Conditions)

Dependent: rd_tax_incentives Coef. Std. Err.
dum_manu -0.375*** 0.196
small -0.226 0.220
medium -0.021 0.185
age -0.007 0.007
belongs_to_group 0.135 0.143
domestic_firm -0.013 0.188
cooperation 0.675* 0.125
other_subsidy 0.974* 0.125
international_markets -0.142 0.246
gualified_employees 0.151 0.150
financial_constraints 0.079 0.126
financial_leverage 0.211 0.662
profitability 1.950** 0.918
_cons -1.925 1.621
Observation 617
LR chi2 (11) 144.46
Prob>chi2 0.0000
Pseudo R2 0.1953
Log likelihood -297.55709

* Significant at 1%
** Significant at 5%
*** Significant at 10%

The propensity scores for benefiting from R&D tax incentives is calculated, the region

of common support where the distributions of propensity scores of the benefiting and

nonbenefiting groups overlap is defined, and the balancing test and kernel matching

are applied as in the first model.

Table 16 shows the kernel matching results. According to the results, R&D tax

incentives have a positive and statistically significant effect on firms’ R&D intensity

when the financial conditions of firms are also controlled for. However, the effect of

R&D tax incentives on firms” R&D intensity is slightly lower when the financial

conditions of firms are taken into consideration.

The R&D tax incentive beneficiary firms have 6% higher R&D intensity than they

would have had without R&D tax incentives.
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Table 16
ATT of R&D Tax Incentives (Second model with Financial Conditions)

Treatment Variable: rd_tax_incentives
Outcome Variable: rd_intensity

Treated Controls Difference t stat
Unmatched 0.792 0.724 0.067 8.95
ATT 0.787 0.732 0.056 5.85

Treated and control groups mean values and t stats show that both groups are balanced

regarding to control variables after matching as shown in Table 17 and Figure 18.

Table 17

Descriptive Statistics Before and After Matching (Second model with Financial
Conditions)

Before Matchin After Matching
Variable Treated Control | p>[t| Treated | Control |p>[t|
dum_manu 0.752 0.842 0.02 0.781 0.742 0.19
small 0.111 0.130 0.52 0.113 0.145 0.17
medium 0.173 0.153 0.54 0.158 0.153 0.86
age 21.641 21.876 0.80 22 20.621 0.05
belongs_to_group 0.395 0.288 0.01 0.382 0.331 0.12
domestic_firm 0.850 0.876 0.41 0.853 0.834 0.42
cooperation 0.625 0.282 0.00 0.610 0.599 0.72
other_subsidy 0.814 0.418 0.00 0.807 0.783 0.41
international_markets 0.893 0.927 0.21 0.906 0.870 0.10
qualified_employees 0.355 0.232 0.00 0.335 0.356 0.52
financial_constraint 0.570 0.576 0.90 0.564 0.611 0.16
financial_leverage 1.811 1.809 0.75 1.814 1.811 0.77
profitability 0.853 0.834 0.002 0.851 0.850 0.94
Sample MeanBias MedBias
Unmatched 22.9 11.7
Matched 6.7 5.8
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Figure 18. Matching Results (Second model with Financial Conditions)

Figure 19 shows that the kernel density estimates of propensity score distributions
overlapped sufficiently after matching.
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Figure 19. Kernel Density Estimates of Propensity Score Distributions (Second model
with Financial Conditions)

The kernel matching results are checked by applying nearest neighbor matching, as
in the first model. The result of this matching method is consistent with the results of

kernel matching also for the second model and it is shown in Appendix D.
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5.3.3. Input Additionality of R&D Tax Incentives

PSM enables evaluation of the effect of R&D tax incentives through calculation of
ATT. With the help of ATT estimation, it is apparent that R&D tax incentive
beneficiary firms have higher R&D intensity than they would have had without R&D

tax incentives.

Although this result indicates a positive effect of R&D tax incentives on the R&D
intensity of firms, it does not reflect directly the input additionality, which shows to

what extent the R&D tax incentives are reflected in the increase in R&D intensity.

Calculation of the input additionality ratio or BFTB, which is the measure of the
additional increase in R&D intensity of a firm for every money unit of foregone tax

revenue, is important for assessing the input additionality of R&D tax incentives.

The input additionality ratio or BFTB can be interpreted as an R&D tax credit
multiplier. A value of the multiplier greater than 1 implies that one money unit of
government support produces R&D intensity more than one money unit. If the value
of the multiplier is between 0 and 1, it means that government funding is partly used
for reducing the firm’s own funding. In other words, one unit of government support
Is translated to R&D intensity less than one unit by the beneficiary firm. It means that
government funding partially crowds out business R&D. This case indicates that the
firm uses some part of the government support in other activities. Finally, a negative
multiplier indicates that government support crowds out business R&D, which means
that government support is used to reduce the firm’s own funding more than the
received R&D tax incentives. This implies that the beneficiary firm uses all R&D
government support for other activities rather than R&D (Appelt et al., 2019;
Sterlacchini & Venturini, 2019).

Since BFTB or the additionality ratio is a cost-benefit analysis, the amounts of
foregone tax revenue for firms are necessary as a cost of government funding. R&D
tax incentives data are only available as a binary variable that shows whether the firm
benefits from R&D tax incentives during the period 2016-2018. This hampers the

calculation of the multiplier using firm-level data.
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Sterlacchini and Venturini (2019) compute the R&D tax multiplier by using the ATT
value as a percentage of the R&D intensity of treated firms and the average effective
tax credit rate of the country in their study. They calculate the average effective tax
credit rate by dividing the amount of tax credits by R&D expenditures claimed for tax
credits at country level. Then they state that the ratio of ATT/R&D intensity (%) to

average effective tax credit rate (%) gives the R&D tax credit multiplier.

Due to the data constraints, the method applied by Sterlacchini and Venturini (2019)

is followed for calculation of the multiplier.

Since the ATT value and R&D intensity of treated firms is calculated by applying
PSM, the average effective R&D tax incentive rate is needed for Turkey.

TURKSTAT announces the amounts of R&D tax incentives for Turkey yearly. Table
18 shows the amounts of R&D tax incentives during the period 2008-2018. As of 2018,
the amount of R&D tax incentives is 4,599 million TL.

Table 18
R&D Tax Incentives (Million TL, 2008-2018)
R&D Tax R&D Tax
Year . Year .
Incentives Incentives
2008 198 2014 1,282
2009 430 2015 1,653
2010 518 2016 2,126
2011 614 2017 2,871
2012 752 2018 4,599
2013 835

Source: TURKSTAT

Although the R&D tax incentives amount is available, the amount of R&D
expenditures claimed for R&D tax incentives is not announced. Therefore, it is
requested from TURKSTAT.

Table 19 shows the R&D expenditures claimed for R&D tax incentives and R&D tax

incentive amount for 2018.
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Table 19

R&D Expenditures Claimed for R&D Tax Incentives and R&D Tax Incentives (Million
TL, 2018)

R&D Expenditures Claimed Tax R&D Tax
for R&D Tax Incentive Rate Incentives
(Million, TL) (%) (Million, TL)
Corporate Tax 13,266.50 22 2,918.63
Income Tax 172.97 35 60.54
Total (Corporate and 13.439,48 2,979.17
Income Tax)
Income Tax Withholding - - 1,619.63
and VAT
Total - - 4,598.80

Source: TURKSTAT

R&D expenditures claimed for R&D tax incentives could be provided only for 2,979
million TL R&D tax incentives by TURKSTAT. Due to data privacy, tax bases for
1,619 million TL R&D tax incentives (Income tax withholding and VAT) could not
be provided. Therefore, the average effective R&D tax incentive rate is calculated in
the light of the shared data.

Table 20 shows the calculation of the average effective R&D tax incentive rate.

According to the calculations, it is computed as 22.2% for Turkey in 2018.

Table 20
Average Effective R&D Tax Incentive Rate for Turkey (2018)
R&D Expenditures Claimed for | R&D Tax Incentives Average Effective R&D

R&D Tax Incentive (Million, TL) (Million, TL) Tax Incentive Rate (%0)
(x) v) (z=ylx)
13.439,48 2,979.17 22.2

Source: TURKSTAT, Author’s calculation

Table 21 shows the calculation of the R&D tax incentive multiplier. ATT/R&D
intensity (%) is divided by the average effective R&D tax incentive rate (%). It is
calculated as 0.4 for the first model for Turkey in 2018. When the financial conditions
of firms are taken into account, the multiplier decreases slightly to 0.3 for the same

year.
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Table 21
R&D Tax Incentive Multiplier for Turkey (2018)

First Model Second Model (with
financial conditions)
ATT/ R&D intensity of 9.1 6.5
beneficiary firms (%)
x)
Average effective R&D tax 22.2 22.2
incentive rate (%)
)
R&D tax incentive 0.4 0.3
multiplier
(xly)

Source: Author’s calculation

Both of the multipliers are between 0 and 1. These results imply that although R&D
tax incentives produce additional R&D intensity, these incentives are partly used to
reduce firms’ own funding in Turkey in 2018 since the multiplier is positive but less
than 1. In other words, although R&D tax incentives have a positive effect on business
R&D, this effect is limited since R&D tax incentive beneficiary firms allocate
government support partially for other activities. Despite this, R&D tax incentives
contribute to increased business sector R&D performance since the multiplier is

positive.

Due to the lack in emprical literature about the effectiveness of this instrument in
Turkey, the results of the study can only be compared with empirical studies which is
done for other countries in the literature. Although R&D tax incentive schemes differ
from country to country and measurement methods of additionality of R&D tax
incentives also differ widely in the empirical literature, the justification behind this
policy instrument in economic theory and the advantages and disadvantages of the
instrument are similar. Therefore, many studies such as Hall and Reenen (2000),
Guellec and Van Pottelsberghe De La Potterie (2003), and Appelt et al. (2019) try to
form a framework for a general assessment about the effectiveness of this instrument

through cross-country analysis.

For this reason, when the results are compared to other studies, they are consistent

with the empirical literature. Although the measurement techniques differ, the impact
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of this instrument on business R&D is found mostly positive but limited in both cross-
country and firm-level empirical studies such as Hall and Reenen (2000), Koga,
(2003), Falk (2006), Lokshin and Mohnen (2012), Thomson (2017), Appelt el al.
(2019), Sterlacchini and Venturini (2019), and Ravselj and Aristovnik (2020).
Generally, the effect of R&D tax incentives on business R&D increases in the long

run.

Due to data restrictions, it is impossible to evaluate R&D tax incentives for the long
run for Turkey in the study. Therefore, investigating the long-term impact can be
useful for policy evaluation in further studies with improvement of the R&D tax
incentive data for Turkey.
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CHAPTER VI

CONCLUSION

Technological change has started to be accepted as an engine of growth through the
evolution in growth theories. This approach has increased the importance of R&D

activities, in particular business sector R&D activities, over time.

Most countries have set ambitious targets for R&D indicators, especially for R&D
intensity. This has led to expectations of increased R&D intensity led by business

sector R&D expenditures.

Several factors in the R&D field oblige governments to support business sector R&D
activities. In economics, these factors that make government interventions in the R&D
field necessary are explained mainly by neoclassical and evolutionary approaches.
While the justification for government interventions in this field is explained through
market failures in the neoclassical approach, it is explained through systemic failures
in the evolutionary approach. The logic (market failures or systemic failures) behind

the interventions shapes the policy tools.

While the market failures approach proposes the funding of business sector R&D
activities directly with grants, subsidies, or procurements or indirectly with R&D tax
incentives, the systemic failures approach suggests improvement of institutional

frameworks and connections among actors in the innovation system.

Funding of business sector R&D activities based on the market failure approach
increased government support in this field over time. It also raised the importance of
the effectiveness of these policy instruments. Since they are budget-related
instruments, their effective implication could compensate for government spending in

this field through innovation and economic growth.

99



Therefore, the advantages and disadvantages of these funding mechanisms are
investigated widely over time. Their combination in funding of the business sector has

also changed as a result of these evaluations.

While direct funding has been a traditional funding mechanism for years, R&D tax
incentives, as an indirect funding mechanism, have increased as both a percentage of

GDP and the number of countries that implement this policy tool.

As a result of this rising popularity of R&D tax incentives, the effectiveness of this

instrument is investigated widely in the empirical literature.

While interest in the R&D field in Turkey has increased in line with other countries
and the trend in the world economy over time, it accelerated in the 2000s. As a result
of policies formulated in the light of ambitious targets in this field, R&D indicators
such as R&D intensity and personnel have risen over time. The share of BERD in total

R&D expenditures has increased as required.

Government funding for business sector R&D expenditures has also risen as a result
of these developments. While direct funding (as a percentage of GDP) has remained
flat as a traditional policy tool in this field, R&D tax incentives (as a percentage of
GDP) have increased. Tax incentives for R&D have increased not only as a percentage
of GDP, but also as the number of beneficiaries over time.

Despite the wide use of R&D tax incentives, there is a lack of studies in the empirical

literature about the effectiveness of this instrument.

The aim of the study is to investigate the effectiveness of R&D tax incentives in
Turkey. For this purpose, firstly the hypothesis that “R&D tax incentives increase
business sector R&D intensity” is tested by using two cross-sectional datasets, which
are combined versions of the Innovation Survey (2018), Financial and Nonfinancial
Corporations Research and Development Activities Survey (2018), Foreign Trade
Statistics (2018), Company Accounts Statistics (2017-2018), and Annual Business
Registers Framework (2018) Micro Datasets of TURKSTAT. Since the question of
whether firms benefit from R&D tax incentives during the period 2016-2018 is
included in the Innovation Survey (2018), this survey forms the backbone of the study.

The data of the Innovation Survey are enriched by using the other above-mentioned
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surveys and statistics that include information about R&D activities and firm
characteristics and balance sheets.

The first dataset includes 917 firms and the following control variables:

e Whether a manufacturing firm

e Firm size (small, medium, large)

e Firmage

e Belonging to a group

e Whether a domestic firm

e R&D cooperation status of firm

o Benefiting from other subsidies

¢ Integration in international markets
e Having qualified employees

e Whether financial constraints hamper firm’s innovation activities

Since balance sheet indicators such as financial leverage and profitability are also
important for benefiting from R&D tax incentives and R&D investments of firms,
these variables are added as control variables in the second dataset in line with the
literature. This is intended to enrich the study and check the robustness of the result.
In the second dataset the number of firms decreases to 617 since balance sheet
variables are not available for all 917 firms.

For avoiding the problem of selection bias, PSM is applied for both of the datasets and
ATT is calculated. The estimations for both datasets confirm the hypothesis that R&D

tax incentives increase business sector R&D intensity in Turkey.

Then the extent of the impact for producing additional R&D intensity is calculated
with the help of the R&D tax incentive multiplier. The multiplier is calculated between
0 and 1 for both of the datasets. It is slightly lower for the second dataset, which takes

the financial conditions of firms into account.
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These results imply that although R&D tax incentives are effective in increasing
business sector R&D since they have a positive effect on the R&D intensity of firms,

their effectiveness is limited as the multipliers indicate partial crowd-out.

Several factors may have contributed to these results. Firms may focus on lowering
their tax burden instead of investing in R&D, benefits of R&D tax incentives may be
limited due to insufficient tax profits of some firms, or firms may consider these

incentives as windfall money and they may not change their R&D policies.

Since they do not provide an initial money for R&D expenditures, they may not ease
financial conditions, especially for firms experiencing financial difficulties. This
means that if firms have sufficient financial resources for R&D expenditures, they may
benefit more from R&D tax incentives but the effect of those incentives for
encouraging firms to spend more on R&D may be lower if they do not have sufficient

financial resources for spending on R&D.

However, the results of the study have to be treated with caution for several reasons.
Firstly, the multiplier approach takes into account private benefits. Knowledge
spillovers due to increased R&D intensity of firms with the help of the R&D tax
incentives are not taken into consideration in this approach. The sum of private and
social benefits may be higher than estimated (Appelt et al., 2019; Sterlacchini &
Venturini, 2019).

Secondly, as a treatment variable, benefiting from R&D tax incentives is available
only as a binary variable. Since the amount of R&D tax incentives for firms is not
available, the multiplier was calculated from the overall country R&D tax incentives
amount and total R&D tax incentives claims. Calculation of the multiplier can be
improved by using firm-level R&D tax incentive data in future studies through

improvement in R&D tax incentive data.

Thirdly, the effect is calculated for only short-run in the study. The available data for
R&D tax incentives are only cross-sectional because of changes in the definition and
types of innovation in the main source of innovation statistics, the Guidelines of the
Oslo Manual, and the question of whether firms benefit from R&D tax incentives is

asked for the first time in the 2018 Innovation Survey. Therefore, these factors hamper
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long-term investigation of the effectiveness of these incentives and they limit the
econometric methods in terms of impact analyses. The effect can be higher in the long-
run since most of the studies in the literature show that the effect of these incentives

increases in the long-run.

Despite all the above-mentioned shortcomings, the study contributes to the empirical
literature in the following ways. Firstly, the main contribution of the study is filling
the gap in the empirical literature concerning the impact analysis of R&D tax
incentives in Turkey. Since measurement of public policies is an up-and-coming issue
in Turkey and the resources allocated for these incentives has increased over time, the
efforts for investigating the effectiveness of these incentives are important.

Secondly, majority of the control variables in the literature could be included in

estimations.

Another contribution of the study is that the estimations provide some insights about
this public policy. It shows that the improvement of policies for R&D tax incentives

can be useful for decreasing the crowd-out effect.

The studies in this field show that it is useful to evaluate R&D policies as a whole.
Therefore, the coherence of policies that affect the R&D field is important. In this
sense, the policy set that improves the financial conditions and predictability of firms
(not only direct subsidies but also other factors such as credit conditions and certainty
in economic policies) and tax policy may increase the effectiveness of R&D tax

incentives.

However, the results of the study can be considered as inferences based on R&D tax
incentives and the R&D intensity in the business sector for the period 2016-2018 rather
than as an evaluation of R&D tax incentive policy. Evaluation of this policy may
require a broader perspective instead of calculation of the impact only for the R&D
intensity in the business sector. In this sense, examination of effectiveness in the

context of output additionality in further studies may be useful.
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APPENDICIES

A. COVID-19 RELATED CHANGES IN R&D TAX INCENTIVES (OECD

COUNTRIES, 2020)

Table A. 1: Covid-19 Related Changes in R&D Tax Incentives

(Selected OECD Countries, 2020)

Change Country

Australia

Denmark

Increased Iceland

Italy

Spain

Ceiling Increased CEME]

Iceland
Ceiling Decreased France

Norway

Ceiling Adjusted New Zealand

Ceiling Introduced Denmark
Accelerated or earlier processing of R&D tax Canada
relief claims Poland

Advanced and/or expedited cash payments Denmark
(refunds) France
Ireland

Australia
. L - . Canada
Extension of time limit for filing applications Mexico
Portugal
More favorable evaluation of claims Mexico

Notes: The table does not include income-based tax incentives. It covers only expenditure-based

R&D tax incentives for business sector.

Source: OECD R&D Tax Incentive Database, http://oe.cd/rdtax, December2020.
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B. DETAILS OF SECOND DATASET

Table B. 1: R&D Active Firms by Sectors*

Proportion of
R&D tax
R&D tax incentive
Number | incentive beneficiary
Sectors of firms | beneficiaries | firms
Mining and quarrying & Electricity, gas steam and
air conditioning supply 10 5 50.0
Manufacturing 480 331 69.0
Water supply; sewerage, waste management and
remediation activities & Transportation and
storage 8 5 62.5
Wholesale trade, except of motor vehicles and
motorcycles 24 21 87.5
Information and communication 68 60 88.2
Architectural and engineering activities, technical
testing and analysis 9 5 55.6
Scientific research and development 18 13 72.2
Total 617 440 71.3

Source: TURKSTAT

(*) Data has been aggregated for sectors that have 2 or less firms at the request of TURKSTAT.
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Table B. 2: R&D Active Firms by Size
Proportion of R&D tax

R&D tax incentive incentive beneficiary
Firm Size | Number of firms beneficiaries firms
Small 72 49 68.1
Medium 103 76 73.8
Large 442 315 71.3
Total 617 440 71.3

Source: TURKSTAT

Table B. 3: R&D Active Firms by Age

Proportion of R&D tax
R&D tax incentive incentive beneficiary
Firm age | Number of firms beneficiaries firms
0-5 28 22 78.6
6-10 54 38 70.4
11-20 174 126 724
21-30 258 181 70.2
31-40 70 47 67.1
41-50 26 21 80.8
50+ 7 5 71.4
Total 617 440 713

Source: TURKSTAT
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Table B. 4: R&D Active Firms by Foreign Trade Status

Proportion of

R&D tax

incentive

R&D tax incentive beneficiary

Exporter/Importer Number of firms beneficiaries firms
Yes 557 393 70.6

No 60 47 78.3

Total 617 440 71.3

Source: TURKSTAT

115




C. ALGORITM OF “PSCORE” COMMAND

The program “pscore” is developed by Becker and Ichino (2002). It estimates the

propensity scores and apply balancing test according to the following algoritm:

1. Fit the probit (or logit) model:

where @ denotes the normal (logistic) c.d.f. and h(X;) is a starting specification
that includes all the covariates as linear terms without interactions or higher order
terms.

2. Split the sample into k equally spaced intervals of the propensity score, where &
is determined by the user and the default is 5.

3. Within each interval, test that the average propensity score of treated and control
units does not differ.

4. If the test fails in one interval, split the interval in half and test again.

5. Continue until, in all intervals, the average propensity score of treated and control
units does not differ.

6. Within each interval, test that the means of each characteristic do not differ
between treated and control units. This is a necessary condition for the Balancing
Hypothesis.*

7. If the means of one or more characteristics differ, inform the user that the balanc-
ing property is not satisfied and that a less parsimonious specification of h(X;) is
needed.

Source: (Becker and Ichino (2002), p. 360
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D. OTHER MATCHING RESULTS FOR THE FIRST AND SECOND MODEL
Table D. 1 shows the results of nearest neighbor matching for the first model. It is
applied without replacement. Therefore the sort order is randomized before matching.

Table D. 1: ATT of R&D Tax Incentives
(nearest neighbor matching)

Treatment Variable: rd_tax_incentives
Outcome Variable: rd_intensity

Treated Controls Difference t stat
Unmatched 0.814 0.726 0.088 9.65
ATT 0.809 0.745 0.064 4.02

All above-mentioned matching steps are also applied for the second model. Table D.

2 shows the results of nearest neighbor matching for the second model.

Table D. 2: ATT of R&D Tax Incentives
(Second model with financial conditions, nearest neighbor matching)

Treatment Variable: rd_tax_incentives
Outcome Variable: rd_intensity

Treated Controls Difference t stat
Unmatched 0.792 0.724 0.067 8.95
ATT 0.787 0.725 0.062 5.38
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E. “ATT” RESULTS WITH COMPANY ACCOUNT STATISTICS (2018)

As a robustness check, profitability and financial_leverage variables are calculated for
2018 by using Company Account Statistics (2018) and combined with first dataset as
in the second model.

It is also a sub-sample of first dataset since 2018 values of profitability and financial

leverage are available only for 574 firms.

All variables and calculation steps of second model are preserved since probit model

is significant and balancing property is satisfied.

ATT results of the model with kernel matching are not differ widely from the second
model as shown in Table E. 1.

Table E. 1: ATT of R&D Tax Incentives

(kernel matching)

Treatment Variable: rd_tax_incentives
Outcome Variable: rd_intensity

Treated Controls Difference t stat
Unmatched 0.800 0.729 0.070 9.37
ATT 0.795 0.743 0.052 497
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F. TURKISH SUMMARY / TURKCE OZET

Arastirma ve gelistirme (Ar-Ge) faaliyetleri Ikinci Diinya Savasi sonrasi yiiksek
biiyiime oranlarina sahip iilkelerin biiyiime oranlarin arkasindaki Ar-Ge faaliyetleri

ve teknoloji stratejilerinin etkisiyle onem kazanmistir.

Ar-Ge faaliyetleri, biiyiimeyi tetikleyen ve dolayisiyla refah artis1 saglayan bir faktor
olarak goriilmeye baslanmis, teknolojik farkliliklar, iilkeler, sektorler ve endiistriler

arasindaki verimlilik farkliliklarinin kaynagi olarak kabul edilmistir.

Teknolojik degisim, verimliligin kaynagi olarak goriildiiglinden ekonomik biiylimenin
de temel itici giicii olarak kabul edilmis ve zamanla biiylime teorilerindeki gelismelerle

de teknolojik degisim ve yeniligin 6nemi artmistir.

Tiim bu gelismelere paralel olarak bircok tilke, daha yiiksek ve siirdiiriilebilir biiyiime

oranlarina ulagmak i¢in Ar-Ge faaliyetlerini artirmay1 hedeflemislerdir.

Zaman igerisinde iilkelerin Ar-Ge yogunlugunda, bu faaliyetler i¢in biitceden

ayirdiklari kaynaklarda ve 6zel sektoriinlin Ar-Ge harcamalarinda artis kaydedilmistir.

Ancak Ar-Ge faaliyetlerindeki piyasa basarisizliklart (Arrow, 1962; Nelson, 1959),
kiiciik ve/veya yeni kurulmus firmalarin finansman kisitlari, bazi teknolojilerin yiiksek
maliyetleri gibi nedenlerle 6zel sektoriin Ar-Ge faaliyetleri icin devlet destegine

ihtiya¢ duyulmaktadir.
Bu nedenle devletler 6zel sektoriin Ar-Ge faaliyetlerini hibe ve siibvansiyon alimi gibi

dogrudan finansman mekanizmalar1 ve bir dolayli finansman mekanizmasi olan Ar-

Ge vergi tesvikleri yoluyla desteklemektedir.
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Ulkelerin &zel sektdriin Ar-Ge faaliyetleri icin sagladigi dogrudan finansman
destekleri ve Ar-Ge vergi tesviklerinin seyri ilkelerin Gayri Safi Yurtici Hasila
(GSYH)’larna oranla yillar itibariyla incelendiginde, 2018 yil1 itibartyla cogu iilkede

s0z konusu desteklerin 2006 yilina kiyasla arttig1 gézlenmektedir.

Son 20 yilda oOzel sektor Ar-Ge faaliyetlerini desteklemeye yonelik kamu
politikalarindaki egilim incelendiginde Ar-Ge vergi tesviklerinin kullanimindaki artis

dikkat cekicidir.

2020 yil1 itibartyla 37 OECD iilkesinden 32'si ve 21 AB iilkesi 6zel sektoriin Ar-Ge
faaliyetleri i¢in vergi tesviki saglamaktadir. Bu rakamlar 2000 yili rakamlar ile
kiyaslandiginda, Ar-Ge vergi tesviki saglayan iilke sayisinda OECD iilkeleri igin
yiizde 65 AB iilkeleri i¢in ise yiizde 100'e yakin bir artisa isaret etmektedir.

Son yirmi yilda, Ar-Ge vergi tesvikleri sadece uygulayici tilke sayisi olarak degil, aynm

zamanda Ar-Ge vergi tesvik tutarinin GSYH igindeki pay1 olarak da artmustir.

2000 yilinda OECD Ar-Ge vergi tesvik tutarinin GSYH’ye orani yiizde 0,04 iken bu
oran 2018 yilinda yilizde 0,1'e yiikselmistir. Ayni1 donemde o6zel sektor Ar-Ge
harcamalarinin dogrudan finansmanmin GSYH'ye orani sirasiyla yiizde 0,1 ve yiizde

0,08°dir.

Ar-Ge vergi tesviklerinde dogrudan finansmana kiyasla gézlenen bu artis son yillarda
devletlerin 6zel sektor Ar-Ge faaliyetlerini fonlama tercihlerindeki degisimi acikg¢a

gostermektedir.

Ar-Ge vergi tesviklerinin uluslararas1 anlagmalardan muaf olmasi, dogrudan
finansmana kiyasla daha piyasa temelli ve tarafsiz olmalari, Ar-Ge vergi tesvik
stireclerinin yonetim maliyetinin hibe ve slibvansiyon siireclerinin yonetim maliyetine
kiyasla daha diisiik olmasi zaman igerisinde sz konusu tesviklerin dogrudan

finansmana kiyasla daha cok tercih edilmesinde etkili olmustur.
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Ar-Ge vergi tesviklerinin zaman igerisinde yaygin olarak kullanilmasi ve ozellikle
mali krizler sonrast kamu harcamalarinin artan Onemi ile birlikte Ar-Ge vergi
tesviklerinin etkinligi konusu 6nem kazanmistir. Ar-Ge vergi tesviklerinin etkin
olmalar1 halinde yenilik ve ekonomik biiylime kanali ile biit¢ce agiklarini azaltici etki
yapabilecek olmalar1 nedeniyle de s6z konusu kamu politikasinin etkinligine iliskin

arastirmalar 6nem kazanmistir.

Ancak kamu politikalarinin etkinliginin Ol¢lilmesi uygulamada oldukc¢a zordur.
Katkisallilk Ar-Ge politikalarinin  degerlendirilmesinde siklikla kullanilan bir
kavramdir ve kamunun Ar-Ge politikalarinin firmalar {izerinde yarattig1 ilave katkinin
Ol¢iilmesini saglamaktadir. Katkisallik, Ar-Ge politikasinin etkisinin gézlemlendigi
yere bagli olarak;

1) Girdi Katkisalligt

2) Cikt1 Katkisallig

3) Davranigsal Katkisallik olarak gruplandirilabilir.

Girdi katkisalliginda Ar-Ge politikalarinin etkisinin firma harcamalarinda gzlenmesi
beklenirken, ¢ikti katkisalliginda s6z konusu etkinin patent, yeni {riin/hizmet gibi
yenilik faaliyetinin ¢iktilarinda gézlenmesi beklenmektedir. Davranigsal katkisallikta
ise  Ar-Ge politikalarinin  firmalarin ~ davraniglarinda  degisiklik  yaratmasi

beklenmektedir.

Ampirik literatiirde, Ar-Ge vergi tesviklerinin etkinligini arastirmak icin cesitli

calismalar yapilmistir.

Bu calismada, Ar-Ge vergi tesviklerinin etkinligine iliskin olarak son 20 yila ait

ampirik literatiire odaklanilmistir.

Yirmi yildan 6ncesi i¢in Hall ve Van Reenen’in 2000 yilinda yapmis olduklar1 ¢alisma
Ar-Ge vergi tesviklerinin etkinligini arastiran calismalar1 Ozetlemektedir. Bu
calismada, bir dolar Ar-Ge vergi kredisinin 6zel sektor Ar-Ge yatirimlarini bir dolar

artirdig1 sonucuna ulagmaktadir.
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Calismada ampirik literatiir, son yirmi yil i¢in makro verilerle ¢alisilan iilkelerarasi
calismalar ve mikro verilerle ¢alisilan firma diizeyindeki ¢aligmalar ayriminda baslica

iki kategoride incelenmektedir.

Yapilan ¢aligsmalarin sonuglarinin biiylik olgiide farklilik gosterdigi goriilmektedir.
Literatiirdeki ¢aligmalar sadece veri diizeyine (firma veya iilkeler arasi) ve sonuglara
gore degil, ayn1 zamanda ¢alismalarda kullanilan yontemlere ve etkinligin arastirildigi

ciktilara gore de farklilagsmaktadir.

Makro veriler kullanilarak yapilan iilkelerarasi ¢alismalarda genellikle OECD B-
endeksi ve devletlerin Ar-Ge vergi indirim tutar1 verisi (GTARD) kullanilmaktadir.
Bu calismalarda genellikle yapisal modeller uygulanmis ve etkinin degerlendirildigi
cikt1 olarak ozel sektor Ar-Ge harcamalart kullanilmistir. S6z konusu etki ¢ogu
calismada hem kisa vade hem de uzun vade icin 6zel sektor Ar-Ge harcamalarinin Ar-
Ge vergi indirimine esnekligi hesaplanarak incelenmistir. Calismalar esnekligi kisa
dénemde 0,1 ile 0,5 arasinda bulurken uzun dénemde s6z konusu esnekligin artarak

1'e yaklastigini gostermektedir.

Literatiirdeki firma diizeyindeki ¢alismalar incelendiginde ise s6z konusu ¢aligmalarin
iilkelerin  Ar-Ge vergi tesvik politikalar1 hakkinda daha ayrintili  bilgi
saglayabilecekleri ve boylece iilkelerin Ar-Ge kamu politikalarini gelistirmelerine
olanak taniyabilecekleri goriilmektedir. Ancak s6z konusu ¢aligmalar firma diizeyinde
detayli mikro veri kullanimi gerektirmektedir. Bu verilerde gozlemlenen eksiklik
ve/veya kisitlamalar mikro diizeyde firma verileri ile yapilan calismalarda kargilagilan
zorluklardandir. Bu durum ayni1 zamanda {ilkelerin Ar-Ge vergi tesvik politikalarini

mikro bir perspektiften karsilastirmay1 da zorlastirmaktadir.

Firma diizeyindeki c¢alismalarin sonuglar1 arasindaki heterojenlik, iilkelerarasi
caligmalara kiyasla daha yiiksektir. Sonucglardaki bu farkliligin bir nedeni, firma
diizeyindeki ¢aligmalarin lilkelere 6zgli Ar-Ge vergi programlarina odaklanmasi ve
iilkelerin Ar-Ge vergi politikalarinin hedeflenen gruplar (KOBI'ler veya biiyiik
firmalar gibi), cografi uygulama alanlar1 ve Ar-Ge vergi tesviklerinin yapist (vergi

kredisi/vergi indirimi) gibi bir¢cok agidan farkliliklar gostermesi olabilir.
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Firma diizeyindeki ¢aligsmalar s6z konusu etkiyi 6l¢gmek icin genellikle, ilgili tegvikten
yararlanan ve yararlanmayanlarin durumlariin karsilastirilmasina dayanan eslestirme
teknikleri ve farkin farki yontemlerini kullanmaktadir. Calismalar genellikle Ar-Ge
vergi tesviklerinin firmalarin Ar-Ge harcamalar iizerindeki etkisine odaklanirken, ¢ok
az sayida calisma patent ve yeni {riin/hizmetler gibi yenilik c¢iktilarina
odaklanmaktadir. Caligmalar iilkeleraras: diizeyde yapilan ¢aligmalarda oldugu gibi
genellikle Ar-Ge vergi tesviklerini 6zel sektor Ar-Ge harcamalarini artirmada etkili
bulmaktadir. Diger yandan, Ar-Ge vergi tesviklerinin yenilik ¢iktilari tizerindeki etkisi
cogunlukla smirli veya istatistiksel olarak anlamsiz bulunmustur. Bu durum, soz
konusu politikanin olumlu etkisinin yenilik faaliyetinin girdi tarafinda
gozlenebilirken, yenilik siirecinin ¢ikt1 tarafinda gozlemlenmesinin zor olduguna ya

da daha uzun bir zaman dilimi gerektirdigine isaret etmektedir.

Ayrica, firma diizeyindeki ¢alismalar Ar-Ge vergi tesviklerinin 6zel sektor Ar-Ge
harcamalar iizerine etkisini incelerken s6z konusu etkinin katkisalligini hesaplayan
caligmalar gorece sinirhidir. Bu durumun katkisallik hesaplamalar1 i¢in gereken

verilerdeki kisitlamalar veya yetersizlikler kaynakli olabilecegi degerlendirilmektedir.

Ar-Ge vergi tesviklerinin katkisalligin1 hesaplayabilen calismalar carpan ¢ergevesinde
degerlendirildiginde sonuglarin iilkeden iilkeye farklilhik gdstermekle birlikte

genellikle 1 veya 0 ile 1 arasinda oldugu goriilmektedir.

Tiim bunlara ek olarak, Ar-Ge vergi tesviklerinin etkinligine iliskin ampirik literatiir
cogunlukla gelismis {ilkelere odaklanmaktadir. Oysa s6z konusu enstriiman

geligsmekte olan iilkelerde de yaygin olarak kullanilmaktadir.

Tiirkiye i¢in, Ar-Ge hibelerinin etkinligi konusu literatiirde siklikla aragtirilmaktadir
(Diinya Bankas1, 2019; G&k, 2006; Giirbiiz, 2018; Ozcelik ve Taymaz, 2008;
Tandogan, 2011). Ar-Ge vergi tesviklerinin etkinligi konusunda ise literatiirde eksiklik
oldugu goriilmektedir. Bu calisma ile literatiirdeki bu boslugun doldurulmasi

amagclanmaktadir.
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Tiirkiye i¢in Ar-Ge alanindaki gelismeler ve Ar-Ge devlet destekleri incelendiginde,
son 50 yilda diinya ekonomisindeki gelismelere ve biiyiime teorilerine paralel olarak
ozellikle 6zel sektor Ar-Ge faaliyetlerinin tesvik edilmesi igin ¢esitli girisimlerde
bulunuldugu ancak bu konuda 6nemli adimlarin 2000'li yillarla birlikte atildig

goriilmektedir.

Ar-Ge faaliyetlerini artirma amacina paralel olarak, Ar-Ge harcamalar1 GSYH'ye oran
olarak 2001 yilina kiyasla iki katina ¢ikmis ve yiizde 1,06 olarak gerceklesmistir. Ayni

donemde tam zamanli Ar-Ge personeli sayisi da yedi kat artarak 182.847'ye ulagmustir.

Ozel sektoriiniin Ar-Ge harcamalarini artirmaya ydnelik politikalarm bir sonucu
olarak, 2001-2019 doneminde finansal ve finansal olmayan kuruluslarin toplam Ar-
Ge harcamalart igindeki payr artmistir. 2019 yili itibariyla toplam Ar-Ge
harcamalarinin yiizde 50'den fazlasinin finansal ve finansal olmayan kuruluslardan

geldigi goriilmektedir.

Devlet destekleri tarafinda ise 2008-2018 doneminde oOzel sektor Ar-Ge
harcamalarimin dogrudan finansmaninin 6zel sektor Ar-Ge harcamalar igerisinde pay1
neredeyse sabit kalirken, ayn1 donemde Ar-Ge vergi tesviklerinin 6zel sektor Ar-Ge

harcamalar1 igerisinde pay1 6nemli 6l¢iide artmistir.

S6z konusu donemde Ar-Ge vergi tesvikleri, bir politika araci olarak yaygin bir sekilde
kullanilmaya baslanmis ve Ar-Ge vergi tesvik tutarinin GSYH'ye orani dort kattan

fazla artig gostermistir.

Ar-Ge vergi tesvikleri yillar icerisinde sadece tutar olarak degil, ayn1 zamanda
yararlanicilarin sayisi agisinda da artis gostermistir. 2018 yili itibartyla Ar-Ge vergi

tesviklerinden yararlananlarin sayist 5.000'in iizerindedir.
Tiirkiye’de son yillarda siklikla kullanilan bir politika araci olan Ar-Ge vergi

tesviklerinin etkinliginin arastirildi§i bu calisma ile ampirik literatiire asagidaki

sekillerde katki saglanmas1 amaglanmaktadir.
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Oncelikle, Tiirkiye'de Ar-Ge vergi tesviklerinin artan kullanimina ragmen, literatiir
s0z konusu tesviklerin etkinliginin Olglilmesi agisindan eksiktir. Calisma, “Ar-Ge
vergi tesvikleri 6zel sektér Ar-Ge yogunlugunu artirmada etkilidir” hipotezini test

ederek literatiirdeki boslugu doldurmay1 hedeflemektedir.

Ikinci olarak, Ar-Ge vergi tesvik carpani yardimiyla s6z konusu tesvikin girdi

katkisallig1 hesaplanmaktadir.

Son olarak, ¢alismada, se¢im yanlilig1 sorununu ortadan kaldirmak ve Ar-Ge vergi
tesviklerinin tegvikten yararlanan firmalar ile yararlanmayan firmalarin Ar-Ge
yogunluklar {izerindeki ortalama tedavi etkisini (ATT) tahmin ederek karsilagtirmak

icin egilim skoru eslestirme (PSM) yontemi kullanilmistir.

Literatiirde Ar-Ge vergi tesviklerinin etkinligini arastirmak i¢in kullanilan yontemler;
1) Anket analizleri

2) Zaman ve politika tasarim degisikligine dayanan yar1 deneysel yontemler

3) Kukla degisken regresyonlar1 ve eslestirme teknikleri

4) Yapisal ekonometrik modelleme yontemleri olarak siralanabilir.

Bununla birlikte, bir politikanin etkisini arastirmak ic¢in uygulanacak yontem

calismada kullanilacak verinin yapisina baghdir.

Tiirkiye’de Ar-Ge vergi tesvikleri i¢in kullanilabilen veriler degerlendirildiginde
egilim skoru eslestirme (PSM) yonteminin en uygun yontem oldugu

degerlendirilmistir.

S6z konusu yontem, Ar-Ge vergi tesviklerinin etkisini arastirmak ig¢in literatiirde
yaygin olarak kullanilmaktadir. Literatirde PSM yontemini kullanan ampirik
calismalar;

1) Cikt1 degiskeni

2) Kontrol degiskenleri

3) Eslestirme yontemleri goz o6niinde bulundurularak gruplandirilmstir.
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Yapilan gruplandirma sonuglarina gore, ¢iktt degiskeni olarak firmalarin Ar-Ge

harcamalarinin satiglarina veya cirolarina orani 6ne ¢ikmaktadir.

En sik kullanilan kontrol degiskenleri ise;

1)  Firma biiyiikligi

2) Sektor

3) Yas

4) Dis ticaret durumlari

5) Firmalarin ¢ok uluslu, yerli veya yabanci ortakli olmasi
6) Firmalarin bir gruba veya holdinge ait olmasi

7) Yenilik¢i faaliyetler i¢in is birligi yapilip yapilmadigi

8) Finansal kisitlamalar, finansal istikrar, bor¢ gostergeleri gibi firmalarin
finansal durumlarina iligkin gostergeler

9) Kalifiye personele sahip olup olmamalari

olarak siralanabilir.

Eslestirme yontemleri olarak ise en yakin komsu eslestirmesi (nearest-neighbour
matching) ve kernel eslestirmesi siklikla kullanilan yontemlerdir. Ancak, ampirik
calismalarda genellikle birden fazla eslestirme yonteminin kullanildigr dikkat
cekmektedir. PSM yonteminde, tesvikten yararlanan (treatment) ve yararlanmayan
(control) katilimcilarin  gozlemlenen Ozellikleri kullanilarak egilim  skorlari
hesaplanmakta ve benzer egilim skoruna sahip katilimcilar tercih edilen eslestirme
yontemi ile eslestirilerek ortalama ciktilar karsilastirilmaktadir. Boylece ortalama
ciktilar arasindaki fark tesvikten yararlananlar iizerindeki ortalama etkiyi (ATT)

vermektedir.

Eslestirme yontemlerinin temel mantigi tesvikten (tedaviden) yararlanan gruba
gozlemlenen degiskenlerde (kontrol degiskenleri) en ¢ok benzeyen bir yararlanici
olmayan (kontrol) grubun yaratilmasidir. Bu sebeple, eslestirme sonuglarinin
gecerliligi i¢cin gozlemlenen Ozelliklerin (kontrol degiskenlerinin) belirlenmesi

agsamasi oldukca onemlidir.
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Eslestirme sonuglarmin gecerliligini etkileyen bir diger onemli faktor ise uygun

eslestirme yonteminin belirlenmesidir.

Eslestirme yontemleri en yakin komsu eslestirmesi (nearest neighbour matching),
kernel eslestirmesi, tabakali eslestirme, caliper ve radius eslestirmesi olarak

siralanabilir.

Calismada literatiirde siklikla kullanilan kernel eslestirmesi yontemi kullanilmistir.
S6z konusu yontem, kontrol grubundaki katilimcilarin agirlikli ortalamalarini
kullandigindan kontrol grubundan daha fazla bilgi kullanilmasina olanak

saglamaktadir.

Calismada literatiire paralel olarak en yakin komsu eslestirmesi yontemi de kullanilmig
ve elde edilen sonuglar kernel eslestirmesi sonuglart ile karsilagtirilmistir. Her iki

eslestirme yonteminden elde edilen sonuglar birbiri ile tutarlidir.

Heckman, Ichimura, and Todd (1997, 1998)’a gore egilim skoru eslestirme
yontemindeki yanlilig1 azaltarak yontemin tahmin performansini iyilestiren kosullar
asagidaki gibidir:

1) Tedavi ve kontrol gruplari i¢in ayn1 veri kaynaginin kullanilmasi

2) Genis bir kontrol degisken setinin kullanilmas1

3) Tedavi ve kontrol gruplarinin tesvik kosullarinin ve maruz kaldiklar1 ekonomik

kosullarin ayn1 olmasi (Cintina & Love, 2019; Khandker et al., 2010).

Yukarida aciklanan kosullar calismada saglanmistir.

PSM yéntemi ile tesvikten yararlananlar {izerindeki ortalama etki TUIK in;

1) Yenilik Arastirmas1 Mikro Veri Seti (2018)

2) Mali ve Mali Olmayan Sirketler Arastirma ve Gelistirme Faaliyetleri
Aragtirmas1 Mikro Veri Seti (2018)

3) Dis Ticaret Istatistikleri Mikro Veri Seti (2018)

4) Sektdr Bilangolari Istatistikleri Mikro Veri Seti (2017-2018)
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5) Yillik is Kayitlar1 Cergevesin (2018) verileri kullanilarak olusturulan iki farkli

veri seti ile hesaplanmustir.

Yenilik istatistiklerinin derlenmesinde ana kaynak olarak kullanilan Oslo Kilavuzunda
yapilan giincellemeler kaynakli yenilik taniminda ve tiirlerinde yapilan degisiklik
nedeniyle, yenilik arastirmasi zaman serisi olarak kullanilamamaktadir. Ayrica,
firmalarin Ar-Ge vergi tesviklerinden yararlanma durumlarina ilk kez Aralik 2019

tarithinde yayimlanan 2018 yil1 Yenilik Arastirmasi’nda yer verilmistir.

Bu nedenle, ¢alismay1 sinirlayan dnemli bir faktor, veri setinin yatay kesit olmasidir.
Bu durum uzun vadeli degerlendirmeler yapilmasimi engellemekte ve nedensellik

incelemelerini zorlastirmaktadir.

Calismada tedavi degiskeni olarak firmalarin Ar-Ge vergi tesviklerinden yararlanma
durumlart kullamilmistir. Firmalarin Ar-Ge vergi tesvikinden yararlanma durumlari
yenilik arastirmasinda iki sonuglu degisken olarak yer aldigindan ¢alismada soz
konusu degiskene kukla degisken olarak yer verilmistir. Calismanin tedavi degiskeni
olan Ar-Ge vergi tesvikleri degiskeni (rd_tax_incentives), 2016-2018 doneminde
firmalarin Ar-Ge vergi tegviklerinden yararlanmasi durumunda “1”, yararlanmamalari

durumunda ise “0” degerini almistir.

Calismada, kontrol degiskenlerinin belirlenmesi i¢in probit model kullanilmistir.
Onemli  kontrol  degiskenlerinin  ihmal edilmesi tahmindeki  yanliligi
artirabileceginden, en benzer 6zelliklere sahip kontrol grubunun olusturulabilmesi igin

genis bir kontrol degiskeni seti kullanilmistir.

Calismada kullanilan kontrol degiskenleri;

1) Imalatci firma (d_manu)

2) Kiiciik dlgekli firma (small)

3) Orta 6lgekli firma (medium)

4) Firma yas1 (age)

5) Bir gruba veya holdinge ait olma (belongs_to_group)
6) Yerli firma (domestic_firm)
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7) Yenilik¢i faaliyetler igin is birligi yapilmasi (cooperation)
8) Diger Ar-Ge tesviklerinden yararlanilmasi (other subsidy)
9) Uluslararasi piyasalara entegrasyon (international _markets)
10)  Kalifiye personele sahip olma (qualified_employees)

11)  Finansal kisit (financial constraints)

12)  Finansal kaldira¢ (financial leverage)

13)  Karlilik (profitability)’tir.

Calismada Ar-Ge vergi tesviklerinin firmalarin Ar-Ge yogunlugu tizerine etkisi
incelendiginden ¢ikt1 degiskeni olarak firmalarin net Ar-Ge harcamalarinin toplam

cirolarina oranmi kullanilmistir.

Calismada ilk veri setinde 917 firma verisi ile ¢alistimistir. Ikinci veri seti finansal
kaldirag ve karlilik kontrol degiskenlerinin eklenmesi ile olusturulmus, s6z konusu
degiskenler 917 firma icin saglanamadigindan ikinci veri setinde 617 firma ile

caligilmistir.

Calisma sonugclarina gore, Ar-Ge vergi tesvikleri firmalarin Ar-Ge yogunlugu iizerinde
pozitif ve istatistiksel olarak anlamli bir etkiye sahiptir. Ar-Ge vergi tesviki
yararlanicist firmalar, Ar-Ge vergi tesvikleri olmasaydi elde edecekleri Ar-Ge

yogunluguna gore yiizde 7 daha yiiksek Ar-Ge yogunluguna sahiptir.

Finansal kaldira¢ ve karlilik gibi firmalarin finansal kosullarinin da goz oniinde
bulunduruldugu ikinci veri seti ile yapilan hesaplamalara gore de Ar-Ge vergi
tesvikleri firmalarin Ar-Ge yogunluguna pozitif etki etmektedir. Ancak firmalarin
finansal kosullar1 g6z Oniine bulunduruldugunda s6z konusu etki yiizde 6’ya

gerilemektedir.
PSM ile hesaplanan yararlananlar {izerindeki ortalama etkiye gore Ar-Ge vergi

tesvikinden yararlanan firmalarin Ar-Ge vergi tesvikleri olmadan sahip olacaklarindan

daha yiiksek bir Ar-Ge yogunluguna sahip olduklari agiktir.
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Bu sonug, Ar-Ge vergi tesviklerinin firmalarin Ar-Ge yogunlugu iizerinde olumlu bir
etkisi oldugunu gosterse de girdi katkisalligini yani vazgegilen 1 TL’lik vergi

karsiliginda firmalarin Ar-Ge yogunluklariin ne kadar arttigin1 yansitmamaktadir.

Firmanin vazgegilen her 1 TL’lik vergi geliri karsihiginda Ar-Ge yogunlugundaki
artisgin  Olcilisii olan girdi katkisalligt oram1 Ar-Ge vergi tesvik c¢arpant olarak

yorumlanabilir.

Carpanin 1'den biiyiik olmasi, vazgecilen her 1 TL’lik vergi gelirinin 1 TL’den fazla
Ar-Ge yogunlugu yarattigi anlamina gelmektedir. Carpan degerinin 0 ile 1 arasinda
olmasi ise, devlet tarafindan saglanan Ar-Ge vergi tesvikinin kismen firmanin kendi
finansmanin1 azaltmak i¢in kullanildig1 anlamina gelmektedir. Bu durum, devletin Ar-
Ge finansmaninin O6zel sektoriin  Ar-Ge finansmanini  kismen disladigini
gostermektedir. Son olarak, negatif bir ¢arpan, devletin Ar-Ge finansmaninin 6zel

sektor Ar-Ge harcamalarini digladigin1 gostermektedir.

Sterlacchini ve Venturini (2019) yaptiklar1 calismada Ar-Ge vergi ¢carpanini, tesvikten
yararlananlar tizerindeki ortalama etkiyi (ATT) tesvikten yararlanan firmalarin Ar-Ge
yogunlugunun ylizdesi olarak hesaplamis ve bu deger ile iilkenin geneli icin
hesaplanan ortalama efektif Ar-Ge vergi kredisi oranini kullanarak Ar-Ge vergi kredisi

carpant hesaplamislardir.

Firmalarin  yararlandiklart Ar-Ge vergi tesvik tutarlann TUIK’in  Yenilik
Arastirmasi’nda (2018) yer almadigindan, s6z konusu verilerde yalnizca firmalarin
Ar-Ge vergi tesvikinden yararlanip yararlanmadiklart durumuna yer verildiginden Ar-
Ge vergi tesvik carpaninin hesaplanmasinda Sterlacchini ve Venturini (2019)

tarafindan uygulanan yontem izlenmistir.

Calismada Ar-Ge vergi tesvikinden yararlanan iizerindeki ortalama etki (ATT) ve
tesvikten yararlanan firmalarin Ar-Ge yogunlugu PSM yontemi ile hesaplanmustir.
Sterlacchini ve Venturini (2019) tarafindan uygulanan yontemin kullanilabilmesi i¢in

Tiirkiye’ nin ortalama efektif Ar-Ge vergi tesvik oranina ihtiya¢ duyulmaktadir.
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TUIK, Tiirkiye’nin Ar-Ge vergi tesvik tutarlarini her yil agiklamaktadir. Buna gére,
2018 yili itibariyla Ar-Ge vergi tesviki tutar1 4.599 milyon TL'dir. Ancak, Ar-Ge vergi

tesviklerine konu Ar-Ge harcamalarinin tutar1 (matrah) agiklanmamaktadir.

S6z konusu istatistik ¢aligma kapsaminda TUIK’ten talep edilmistir. Ar-Ge vergi
tesvikleri kapsaminda yapilan Ar-Ge harcamalari (Ar-Ge vergi matrahi) verisi, TUIK
tarafindan sadece 2.979 milyon TL’lik Ar-Ge vergi tesviki i¢in saglanabilmistir. Veri
gizliligi nedeniyle 1.619 milyon TL'lik Ar-Ge vergi tesviki (Gelir vergisi stopaji ve
KDV) igin vergi matrahi saglanamamistir. Bu nedenle ortalama efektif Ar-Ge vergi

tesvik orani, paylasilan veriler 1s181inda yiizde 22,2 olarak hesaplanmistir.

S6z konusu rakamlar kullanilarak 2018 yil1 i¢in Tiirkiye’de Ar-ge vergi tesvik carpani
ilk modelde 0,4, firmalarin finansal durumlarinin da dikkate alindig ikinci modelde

ise 0,3 olarak hesaplanmuistir.

Hesaplanan her iki ¢arpan da 0 ile 1 arasindadir. Buna gore, Tiirkiye’de Ar-Ge vergi
tesvikleri firmalarda ek Ar-Ge yogunlugu yaratmakla birlikte, s6z konusu etki
sinirlidir. Ar-Ge vergi tesvikleri kismen firmalarin kendi Ar-Ge finansmanlarini

azaltmak icin kullanilmaktadir.

Ozetle, Ar-Ge vergi tesvikleri, firmalarm Ar-Ge yogunlugunu olumlu yénde etkiledigi
icin Ozel sektoriiniin Ar-Ge yogunlugunu artirmada etkilidir. Ancak, Ar-Ge vergi

tesvik carpani degerleri kismi diglamayi isaret ettiginde etkinlikleri sinirhidir.

Bu durumun ortaya ¢ikmasinda;

¢ Firmalarin Ar-Ge harcamasi yapmak yerine vergi yliklerini azaltmaya odaklanmalari
* Bazi firmalarin karhiliklarinin yetersizligi nedeniyle, Ar-Ge vergi tesviklerinin
etkisinin sinirlanmasi

* Firmalarin s6z konusu tesvikleri beklenmeyen bir gelir olarak degerlendirmesi ve
Ar-Ge politikalarini degistirememeleri

* Ar-Ge vergi tesviklerinin 6zellikle finansal sikinti yasayan firmalarin Ar-Ge
harcamalar1 i¢in baslangic finansmani saglamamasi sebebiyle finansal kosullarini

rahatlatmamasi gibi faktorlerin etkili olabilecegi degerlendirilmektedir.
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Bununla birlikte, ¢alismanin sonuglarina asagidaki nedenlerle  temkinli

yaklagilmalidir.

Oncelikle, carpan yaklasimi dzel faydalari dikkate almaktadir. Ar-Ge vergi tesvikleri
yardimiyla firmalarin artan Ar-Ge yogunlugu kaynakli bilgi yayilimlari bu yaklagimda
dikkate alinmamaktadir. Bu nedenle, Ar-Ge vergi tesviklerinin 6zel ve sosyal

faydalariin toplami tahmin edilenden daha yiiksek olabilir.

Ikinci olarak, firmalarin Ar-Ge vergi tesviklerinden yararlanma durumlari sadece ikili
sonu¢ degiskeni olarak mevcuttur. Firmalar icin Ar-Ge vergi tesviki miktari
olmadigindan Ar-Ge vergi tesvik carpani iilke geneli Ar-Ge vergi tesviki miktar1 ve
vergi matrahi kullanilarak hesaplanmistir. Ar-Ge vergi tesvik verilerinin iyilestirilmesi
yoluyla, gelecekteki ¢aligmalarda firma diizeyinde Ar-Ge vergi tesvik miktar verileri

kullanilarak ¢arpan hesaplamasi iyilestirilebilir.

Son olarak, ¢alismada Ar-Ge vergi tesviklerinin etkisi, veri kisitlar1 nedeniyle sadece
kisa donem i¢in hesaplanabilmistir. Literatiirdeki g¢alismalarin ¢ogu s6z konusu
tesviklerin etkisinin uzun vadede arttigin1 gosterdiginden, etki uzun vadede daha

yiiksek olabilir.

Bu alandaki calismalar Ar-Ge politikalarinin bir biitiin olarak degerlendirilmesinin
faydali oldugunu gostermektedir. Bu nedenle Ar-Ge alanini etkileyen politikalarin
tutarlilig1 onemlidir. Bu anlamda, firmalarin finansal kosullarini ve 6ngoriilebilirligini
tyilestiren bir politika seti (sadece dogrudan siibvansiyonlar degil, kredi kosullar1 ve
ekonomi politikalarinin 6ngoriilebilirligi gibi diger faktorler) ve vergi politikast Ar-

Ge vergi tesviklerinin etkinligini artirabilir.

Ancak calisma sonuclari, Ar-Ge vergi tesvik politikasinin degerlendirilmesinden
ziyade, 2016-2018 donemi igin Ar-Ge vergi tesvikleri ve ozel sektoriin Ar-Ge
yogunluguna dayali ¢ikarimlar olarak degerlendirilebilir. S6z konusu politikanin
degerlendirilmesi, Ar-Ge vergi tesviklerinin 6zel sektdr Ar-Ge yogunlugu tizerindeki

etkisinin hesaplanmasinin 6tesinde daha genis bir bakis acis1 gerektirebilir. Bu
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kapsamda, daha sonraki ¢alismalarda ¢ikti katkisalligi gercevesinde de Ar-Ge vergi

tesviklerinin etkinliginin incelenmesi faydali olabilir.
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