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Abstract

Unemployment is one of the important macroeconomic problems all
over the world. As a matter of fact, employment is one of the most
important targets in macroeconomics. For this reason, countries
implement various policies in line with the goal of reaching the
employment level closest to full employment. The diversity of the
instruments preferred while the said policies are being implemented
and the content of the investments made in reaching the target is
extremely important. Recently, investments in research and
development (R&D) expenditures have been increasing rapidly in all
countries. At the same time, the total number of patents in countries
tends to increase. The aforementioned increases, which are
considered the key to technological development, reveal positive
economic statements. In this context, this study examines the
relationship between R&D expenditures and the total number of
patents and employment. In this study, in which 2000-2020 annual
data for Turkiye are used, whether the series is stationary or not has
been determined by traditional unit root tests. After the stationarity
determination of the series, the autoregressive distributed lag model
ARDL test was performed. According to the results of the analysis, it
has been determined that there is a cointegration effect between the
variables of R&D expenditures and number of patents and
employment variables in Turkiye. According to the results of the
analysis, it has been determined that a 1% increase in R&D
expenditures reduces employment rates by 0.72%, while a 1% unit
increase in the total number of patents increases employment rates

Keywords: R&D Expenditures, Number of Patents, Employment, ARDL Analysis.

1 Dr., Istanbul Chamber Commerce, ayca.doganer@gmail.com, ORCID: 0000-0003-4277-9326

Kirklareli University Journal of the Faculty of Economics and Administrative Sciences
ISSN: 2146-3417 | E-ISSN: 2587-2052 Volume 11, Issue 2, September 2022



Tirkiye’de Ar-Ge Harcamalari ve Patent
Sayilarinin istihdam Uzerindeki Etkisi: ARDL
Sinir Testi ile Bir Degerlendirme

Ayca DOGANER?

0z

issizlik tim dunyada énemli makroekonomik sorunlardan bir tanesidir. I
Nitekim makroekonomide istihdam en o6nemli hedeflerden bir e

tanesidir. Bu nedenle, Ulkeler tam istihdama en yakin istihdam
dizeyine ulasma hedefi dogrultusunda cesitli  politikalar
uygulamaktadir. S6z konusu politikalar uygulanirken tercih edilen
araglarin gesitliligi ve hedefe ulagsma konusunda gergeklestirilen
yatirimlarin icerigi son derece 6nemlidir. Son zamanlarda tim
Ulkelerde arastirma ve gelistirme harcamalarina olan yatirimlar hizla
artmaktadir. Ayni zamanda Ulkelerdeki toplam patent sayilari da artis
egilimindedir. Teknolojik gelismenin anahtari olarak sayilan s6z
konusu artiglar ekonomik anlamda olumlu tablolar ortaya
cikarmaktadir. Bu baglamda bu calismada Ar-Ge harcamalarinin ve Makale Turi
toplam patent sayilarinin istihdam ile iliskisi incelenmektedir. Turkiye
icin 2000-2020 yilhk verilerinin kullanildigl bu c¢alismada serilerin

Arastirma Makalesi

duragan olup olmadiklari geleneksel birim kok testleri ile tespit Basvuru Tarihi
edilmistir. Serilerin duraganlik tespitinden sonra otoregresif dagitilmis

gecikme modeli ARDL testi gergeklestirilmistir. Yapilan analiz 04.07.2022
sonuglarina gore, Turkiye’de Ar-Ge harcamalari ve patent sayilari o
degiskenleri ile istihdam degiskeni arasinda esbutinlesme etkisi Kabul Tarihi
bulunmakta oldugu tespit edilmistir. Analiz sonuglarina gore, Ar-Ge 19.07.2022
harcamalarindaki %1 oranindaki artisin istihdam oranlarini %0.72

oraninda azaltmakta, toplam patent sayilarindaki %1 birim artisin ise DOI

istihdam oranlarini %0.04 oraninda artirmakta oldugu tespit edilmistir. 10.53306/Klujfeas. 1140229

Anahtar sézclikler: Ar-Ge harcamalari, patent sayilari, istihdam, ARDL
testi.
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Introduction

One of the most important problems of economic policies in all countries in the world is high
unemployment rates. Since unemployment negatively affects both the economy and the
social structure, economic policies focus on measures to eliminate unemployment. In this
direction, in the formation of economic policies, primarily employment and unemployment
rates are evaluated, and studies are carried out to increase employment rates and reduce
unemployment rates.

Employment rates, one of the most important economic indicators, determine whether a job
is provided to everyone who wants to work within the economic structure. In this context,
the fact that the labor supply participates in production at high rates and how the potential
workforce in the country can be transformed into employment come to the fore. In this
respect, it is important to create new business areas or develop existing business areas.
Employment rates also interact with other macroeconomic variables and are significantly
affected by macroeconomic variables (Colak and Kara, 2017, p. 259).

Technology has a very important place in the studies carried out to reduce unemployment
and provide employment. Technological progress as a result of globalization is very
important for the economies of countries and provides positive contributions in terms of
development and economic growth. Technological progress also leads to changes in the
production processes of countries, contributing to the differentiation of employment
structures and the creation of new employment areas (Aydin, 2018, p. 464).

One of the most important indicators of technology is R&D expenditure activities. In
innovations that result from R&D expenditures activities, costs and energy consumption are
reduced, and new products and production methods are developed. As a result, the
competitiveness of the countries increases, and positive contributions are made in the
economic sense (Ozcan and Ozer, 2017, p. 16).

Especially in developed countries, R&D expenditures are used intensively to support
economic growth, create new business channels, increase industrial competitiveness,
increase the welfare of the society and provide technological progress as it provides
significant effects in many other areas (Konya and Durgun, 2022, p. 18). Looking at the world
in general, according to the latest data for 2019, the world's top 10 economies make up
84.7% of their total R&D expenditures, while the G7 countries make up 53.5% themselves
(OECD, 2022). In this sense, it is revealed how much importance developed countries attach
to R&D expenditures.

One of the most important indicators of technology is patents. All details of an invention with
patents are communicated. The information formed in this way becomes freely available and
contributes to the production of useful products by other companies or individuals from the
idea that is the subject of the invention (Ozcan and Ozer, 2017, p. 16). Patent numbers, on
the other hand, can be considered as outputs of creative activity in the industrial sense. The
increase in the number of inventions with patents is an indicator of the development of
innovation processes. The increase in the number of patents is the most direct indicator of
the increase in technology.
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The aim of this study is to test the effects of R&D expenditures and the total number of
patents on employmentin Turkiye. It is very important to determine what the issues affecting
employment are in order to reduce unemployment. Investments in R&D expenditure areas
are increasing day by day. There are also other studies in the literature on whether the
increased expenditures in question contribute to employment. In this study, the effects of
the total number of patents and R&D expenditures on employment are determined. For this
purpose, the relationship was investigated with the most recent data available.

Literature

The effect of R&D expenditures on macroeconomic variables is among the main research
topics of the economics literature. While economic growth and employment are considered
to be the two main variables of macroeconomics, their interaction with R&D expenditures
has been among the most important research topics of macroeconomics for many years.
Among these studies, when the studies carried out with empirical analyzes are evaluated,
the first studies that draw attention are Brouwer et al. (1993) examined the US
manufacturing industry companies with the EKK method, and as a result of the study, a
strong relationship was determined between the absolute deviation t period, the increases
in firm sales and employment, and the R&D expenditures realized in the t+1 period. In
another study, Bogliacino and Vivarelli (2010), in their study where they discussed 25
manufacturing and service sectors for 16 European countries, and determined that R&D
expenditures positively affected employment in the manufacturing and service sectors as a
result of the GMM-SYS panel estimation. Examples of other studies dealing with the
relationship between R&D and employment are given in the table below.

Table 1: Literature Review

Writers Time Scope Analyses Result

Tamayo and 2016 Spain (on the Two Stage A positive relationship was

Huergo basis of Least Squares determined between R&D

companies) and qualified employment.

Piva and 2017 674 Europe Least Squares R&D expenditures have a

Vivarelli companies positive effect on
employment, but they do

not apply to low-technology
companies.

Aydin 2018 Turkiye ARDL It has been determined that
technological progress has
changed the employment

structure in line with the
demand for employees with
a high education level.
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Bayraktar and
Uysal

2019

Turkiye

ADF

Least Squares
Granger
Causulity

It has been determined that
population and R&D
expenditures are the cause
of employment, but there is
no causal relationship
between employment to
population and R&D
expenditures.

Gergeker,
Ozmen and
Mucuk

Bukut and
Yenipazarli

Bogliacino,
Piva and
Vivarelli

2019

G7 Counties

Panel
bootstrap
Granger
causality test

While a reciprocal
relationship was found
between R&D expenditures
and unemployment in
Germany, France, Italy and
Japan, a one-way
correlation was found
between R&D expenditures
and unemployment in
Canada and the USA.

2020

81 Counries

Generalized
least squares

While technological
developments in production
processes reduce
employment, technological
developments resulting in
the production of new
products increase
employment and it has
been observed that they
have an effect. It has been
determined that
technological developments
in the production processes
have a negative effect on
employment.

2021

677 Avrupa
companies

GMM
estimator

R&D activities have a
positive impact on job
creation for services and
high-tech manufacturing,
but not for traditional
sectors.

Tiftik

2021

Compilation

Systematic
Compilation
and Thematic
Analysis

It has been observed that
the employment-reducing
effects of technology are
higher than the
employment-increasing
effects.
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Bayar and 2021 Turkiye Johansen It has been determined that
Oztirk Cointegration exports of high-tech
VAR products have a reducing

effect on employment,
while R&D expenditures and
the number of patent
applications have an

increasing effect on
employment.
Konya and 2022 G7 Countries Panel data It has been determined that
Durgun analysis there is a long-term

relationship between R&D
expenditures and
employment.

Method

The econometric model analysis based on time series data are widely used in the literature.
The time series properties of the series in question must be determined and these properties
must be taken into account. In economic time series, there are irregular movements such as
trend, conjuncture and seasonality. There are two types of time series properties of data
deterministic and stochastic. While deterministic features determine whether there are
components such as constant, trend and seasonality in the series, stochastic processes are
concerned with whether the variables are stationary or not. One of the most important issues
in time series is the stationary or nonstationary status of the series (Tari, 2006, p. 380).

The fact that time series data do not experience continuous increases or decreases in a
certain time period and scatter on a horizontal axis means that they are stationary. That is,
the time series should fluctuate around a fixed mean and the variance of the fluctuation
should be constant, especially over time. In order to create a time series model, the series
must be stationary. There are two ways to measure the stationarity of a time series. The first
of these is the evaluations made on the autocorrelation and partial autocorrelation
coefficients in the time path graph of the series and its correlogram. The second is to perform
formal statistical tests for the existence of unit roots (Seviktekin, Cinar, 2017, p. 239, 240,
302, 317).

Traditional Unit Root Tests

After determining the linearity of the series, appropriate unit root tests were carried out.
Conventional linear unit root tests were applied for series with linear structure. In this
direction, Augmented Dickey-Fuller (ADF), Philips-Perron (PP) and Kwiatkowski-Philips-
Schmidt-Shin (KPSS) unit root tests were performed.
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Augmented Dickey Fuller (ADF) Unit Root Test

Augmented Dickey-Fuller unit root test is a test created to solve the autocorrelation process
in series. The test statistic result should be negative. This test is based on the assumption
that there is an autoregression process for the relevant time series and they are derived from
this process, expressing that the time series will not be stationary if they interact with their
lagged values.

k k
Ay, =6yp1 + Z aAy;_ 1 + & Ay, =u+08y,4+ Z aiAy._1 + &
i=1 i=1
Aye = i+ B + 8y, + X Ay, + & Hy:6=0 H;:6 =<0

Phillips-Perron (PP) Unit Root Test

The Phillips-Perron unit root test is based on non-parametric functions. The test statistic
result should be negative.

Ay, =08yi1+& Ay,=p+8y,1+¢e Ay, =p+ e+ 6yi-1 + &
HO: 6 = 0 Hl: 6 < 0

In both the ADF test and the PP test, the null hypothesis states that the series have unit roots,
while the alternative hypothesis states that the series is stationary.

Kwiatkowski-Philips-Schmidt-Shin (KPSS) Unit Root Test

The purpose of the KPSS unit root test is to make the series stationary by removing the
deterministic trend in the time series. It is done according to the LM test statistic. While the
null hypothesis states that the series is trend stationary, the alternative hypothesis states the
unit root process.

Autoregressive Distributed Lag Bound Test-ARDL

It is a "Boundary Test" developed by Pesaran et al. (2001), which is used to determine
possible long-term relationships between economic variables. Distributed lag autoregressive
models are used in the ARDL Boundary test.
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The idea that the Engle-Granger (1987) model, which is estimated due to the equilibrium
deviation obtained from the estimated long-term equilibrium, causes a specification error
because the lagged values of the variables are not taken into account, leading to the
development of the ARDL model. In ARDL model, cointegration relations are explained with
an autoregressive distributed lag model instead of an equation (Seviktekin, Cinar, 2017, p.
576).

m m
AY, = ay + Z a; AY_; + Z Ay AXp_ i +azY 1 +a X1+ &

i=1 i=0
m m
AX, = aq Z aq; AXp ;i + Z ayiAY i + asY_q + au X + astrend + &
i=1 i=0

In the ARDL Boundary test, the analysis is performed even if the stationarity levels of the
variables are different. In the bounds test, the unconstrained error correction model (UECM)
is established first. This model tests the existence of long-run relationships between
variables.

HO: 0,’32054_:0

If the calculated F statistical value found as a result of the analysis is smaller than the lower
bound test, the null hypothesis is accepted. This indicates that there is no cointegration
relationship between the variables. If the calculated F statistic value falls between the lower
and upper limit values, it is not possible to reach a definite decision about whether there is
a cointegration relationship between the variables. If the calculated F statistical value is
greater than the upper limit value, the null hypothesis stating that there is no cointegrated
relationship between the variables is rejected, and the alternative hypothesis stating that
there is a cointegrated relationship between the variables is accepted.

After this stage, if a cointegrated relationship between the variables is detected, the stage of
estimating short and long term ARDL models is started.

m n
Yi=a0+ Z ay Y+ Z Ay Xei + &
i=1 i=0

m n
Xe =ag+ z ay Y + z i Xe—i + agtrend + &;

i=1 i=0
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The long-run ARDL model is as shown above. The short-term ARDL model is;

m n
AYt = ao + Z (Xli AYt—i + Z azi AXt—i + 6ECL’—1 + St

i=1 i=0

m n
AX, = ag + Z a AXe_; + Z ay; AY,_; + 0EC,_; + astrend + &
i=1 i=0
expressed as.
Findings

In this study, the relations between employment rate, R&D expenditures and number of
patents were investigated by using annual time series in 2000-2020 periods in Turkiye. Data
in the form of a percentage of the population representing the employment rate and patent
numbers data were obtained from the World Bank (WB) website. Data on R&D expenditures
were obtained from the website of the Organization for Economic Cooperation and
Development (OECD). The logarithm of the total number of patents data was used in the
analysis.

Shape 1: Graphs of Variables
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The cointegration relationship between employment, R&D expenditures and the number of
patents will be made using ARDL analysis. For this purpose, first of all, descriptive statistics
for the variables were determined.
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Table 2: Descriptive Statistics of Variables

Kur.  Jarque

Average  Median Max Min  Std dev. Skew

-bera

Em 44.22 44.97 47.37 41.15 2.15 -0.18 1.51 2.05
P (0.35)
Gds 0.75 0.79 1.08 0.46 0.20 0.02 1.78 1.29
(0.52)

LnPat 8.10 8.14 9.05 6.72 0.73 -0.44 2.06 1.45
(0.48)

Note: The value in parentheses is the probability value.

Table 2 shows the descriptive statistics of the variables. As seen in the table, the employment
variable has a normal distribution with a probability of 0.10 and other variables with a
probability of 0.05.

Table 3: Traditional Unit Root Tests

ADF PP KPSS
Series Critc Critc Critc
Test sts. Test sts. Test sts.
value value value
Emp -2.17%* -3.02 -1.72%* -3.02 0.23* 0.46
Gds -4.76%* -3.73 -2.72%* -3.65 0.62** 0.46
LnPat -2.24%* -3.71 -2.90* -3.65 0.10* 0.14

Note: HO acceptance is expressed with * and H1 acceptance is expressed with **.

Ho: The series has a unit root.

Hi: The series is stationary.

As seen in Table 3, the employment variable was found to be unit rooted in the ADF, PP and
KPSS tests, while the R&D expenditures variable was found to be stationary in the ADF and
KPSS tests, and unit rooted in the PP test. The variable of the number of patents whose
logarithm was taken was determined as unit rooted in ADF, PP and KPSS tests. The first-order
differences of the variables with unit root at the level were taken.
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Table 4: Traditional Unit Root Tests— First Differences

ADF PP KPSS
Series Critc Critc Critc
Test sts. Test sts. Test sts.
value value value
Emp -1.64 -1.60 -1.64 -1.60 0.17 0.11
LnPat -2.18 -1.60 -2.51 -1.60 0.14 0.11

Note: HO acceptance is expressed with * and H1 acceptance is expressed with **.

Ho: The series has unit root.

Hi: The series is stationary.

In Table 4, traditional unit root tests were performed by taking the first differences. As can
be seen in the table, all series are stationary in the 1st order.

Table 5 : ARDL Model

Test Statistics Value Poss. n=1000

Fist 12.77148 %10 4.19 5.06
%5 4.87 5.85
%1 6.34 7.52

k 2

Ho: There is no cointegration relationship between the variables.

Hi: There is a cointegration relationship between the variables.

According to the results in Table 5, since the F statistic is 12.77>5.85 with a probability of 5%,
the null hypothesis was rejected and it was concluded that there is a cointegrated
relationship between the variables. Since there is a cointegrated relationship between the
variables, long-term relationship analysis and error correction model can be performed.
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Table 6 : ARDL Long Term Model

. Std.
Variables Coef. dev. t-sts Poss.
GDS -0.724342 0.006499 -111.4609 0.0057
LnPat 0.049218 0.000688 71.56662 0.0089

EC=EMP-(-0.724342*GDS+0.049218* nPat

The long-term coefficients calculated are shown in Table 6. As seen in the table, both of the
independent variables were found to be statistically significant. The fact that the coefficient
of R&D expenditures is negative means that it affects the employment variable negatively.
The coefficient of the total number of patents variable is positive. Accordingly, it can be
concluded that it affects employment rates positively. The coefficients indicate how much
the 1% unit changes will affect the employment rates.

Table 7: ARDL Short-Run Relationship and Error Correction Model

Variables Coef. Std. dev. t-sts Poss.

C 295.8832 27.59513 10.72230 0.0592
Trend 2.013851 0.187907 10.71729 0.0592
A(LNEMP(-1)) 64.99203 6.021213 10.79384 0.0588
A(LNEMP(-2)) 56.23360 5.320069 10.57009 0.0600
A(LNEMP(-3)) 27.49830 2.615573 10.51330 0.0604
A(GDS) -8.663872 0.793054 -10.92470 0.0581
A(GDS(-1)) 37.07602 3.483136 10.64444 0.0596
A(GDS(-2)) 26.52724 2.520401 10.52501 0.0603
A(GDS(-3)) 12.23252 1.170859 10.44747 0.0608
D(LNPAT) -1.298118 0.124406 -10.43453 0.0608
D(LNPAT(-1)) -6.899792 0.651020 -10.59843 0.0599
D(LNPAT(-2)) -4.973018 0.466265 -10.66565 0.0595
D(LNPAT(-3)) -2.872246 0.277122 -10.36454 0.0612
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CointEq(-1)* -81.32517 7.585464 -10.72119 0.0592

The error correction term must be statistically significant and negative. According to the
results in Table 7, the error correction term is statistically significant at the 10% significance
level and has a negative value. Therefore, it can be said that short-term imbalances tend to
normalize in the long-term.

Conlusion

In this study, the relationships between R&D expenditures, the total number of patents and
employment were investigated by using the data used annually in Turkiye in the 2000-2020
periods, time series analysis. Data in the form of percent of the population, data on total
patent numbers and R&D expenditures are used to represent the employment rate. In order
to determine the stationarity of the variables, Augmented Dickey-Fuller (ADF), Phillips-
Perron (PP), and Kwiatkowski-Philips-Schmidt-Shin (KPSS) Unit Root Tests, which are
traditional unit root tests, were used. As a result of the unit root tests, the employment
variable was found to be unit rooted in the ADF, PP and KPSS tests, the R&D expenditures
variable was found to be stationary in the ADF and KPSS tests, and unit rooted in the PP test.
The variable of total number of patents whose logarithm was taken was determined as unit
rooted in ADF, PP and KPSS tests. The series of all variables were made stationary by taking
the first-order differences of the variables with unit root at the level. Then, the
Autoregressive Distributed Latency Model-ARDL test was performed to determine the long-
term relationships between the variables. As a result of the test, the null hypothesis was
rejected and it was concluded that there is a cointegrated relationship between the variables.
Due to the cointegrating relationship between the variables, long-term relationship analysis
and error correction model was carried out.

According to the results obtained from the study, R&D expenditures and the total number of
patents and increases and decreases in employment rates affect each other. Using the data
for Turkiye between 2000 and 2020, it has been determined that R&D expenditures are
negative in employment rates and the total number of patents is positive. According to the
results of the analysis, both of the independent variables were found to be statistically
significant. Accordingly, a 1% increase in R&D expenditures reduces employment by 0.72%.
A 1% unit increase in the total number of patents increases employment rates by 0.04%.
According to the results of the study, R&D expenditures in Turkiye do not create positive
results in terms of the development of employment policies. It was concluded that the total
number of patents created in Turkiye produced positive results in terms of improving
employment policies. In this context, while creating employment policies, the evaluations of
the said results should be taken into consideration.

Kirklareli University Journal of the Faculty of Economics and Administrative Sciences
ISSN: 2146-3417 | E-ISSN: 2587-2052 Volume 11, Issue 2, September 2022



DOGANER; Tiirkiye’de Ar-Ge Harcamalari ve Patent Sayilarinin istindam Uzerindeki Etkisi: ARDL Sinir Testi fle Bir
Degerlendirme, 351-365.

Ethical Statement Information of the Article Titled As “The Effect of R&D
Expenditures and Number of Patents on Employment in Turkiye: An
Evaluation with the ARDL Analysis“

Acknowledgement

Conflict of Interest
Statement

Author
Contributions

Support

Ethics Committee
Certificate Of
Approval

Scale Permission

References

Aydin, E. (2018). Tirkiye’de Teknolojik ilerleme ile istihdam Yapisindaki Degisme
Projeksiyonu: Endistri 4.0 Baglaminda Ampirik Analiz. Yénetim Bilimleri Dergisi, 16

This study has been prepared in accordance with the values of

“Research and Publication Ethics"

“The Effect of R&D Expenditures and Number of Patents on
Employment in Turkiye: An Evaluation with the ARDL Analysis”was
not reproduced from any paper or thesis.

There is no conflict of interest in the study titled as “The Effect of
R&D Expenditures and Number of Patents on Employment in
Turkiye: An Evaluation with the ARDL Analysis”.

| declare that I, Ayca Doganer, prepared the work titled “The Effect
of R&D Expenditures and Number of Patents on Employment in
Turkiye: An Evaluation with the ARDL Analysis” by myself.

Not any.

Ethics Committee Permission is not required fort he study titled as
“The Effect of R&D Expenditures and Number of Patents on
Employment in Turkiye: An Evaluation with the ARDL Analysis”.

Not any.

(31), 461-471 .

Bayar, H.T. & Oztirk, M. (2021). Teknolojinin istihdam Uzerine Etkisi:VAR Analizi. Siileyman

Demirel Universitesi iktisadi ve idari Bilimler Fakiiltesi Dergisi, 26(2), 119-127.

Bayraktar, M. & Uysal, O. (2019). Turkiye’de Ar-Ge Yatirimlarinin ve Nifusun istihdam

Uzerindeki Etkisi. I§dir Universitesi Sosyal Bilimler Dergisi, Ek Sayi , 23-42 .

Bogliacino, F. & Vivarelli, M. (2010). The Job Creation Effect of R&D Expenditures, IZA

Discussion Papers, 4728.

Bogliacino, F., Piva, M. & Vivarelli, M. (2012). R&D And Employment: An Application Of The

LSDVC Estimator Using European Microdata. Economics Letters, 116(1), 56-59.

Kirklareli Universitesi iktisadi ve idari Bilimler Fakiltesi Dergisi
ISSN: 2146-3417 | E-ISSN: 2587-2052 Cilt 11, Sayi 2, Eylul 2022

364



DOGANER; The Effect of R&D Expenditures and Number of Patents on Employment in Turkiye: An Evaluation with
the ARDL Analysis, 351-365.

Brouwer, E., Kleinknecht, A. & Reijnen, J.O.N. (1993). Employment Growth and Innovation at
The Firm Level. Journal  of Evolutionary Economics, 3, 153-159.

Bulut, E. & Yenipazarl, A. (2020). EndUstri 4.0 ve Teknolojinin istihdam Uzerindeki Etkisi,
Panel Veri Analizi. Pamukkale Journal of Eurasian Socioeconomic Studies , 7(2), 15-
35,

Colak, M. & Kara, 0. (2017). Tirkiye’de Makroekonomik G&stergelerin istihdama Etkisi.
Yiiziincii il Universitesi Sosyal Bilimler Enstitiisii Dergisi, Afro-Avrasya Ozel Sayisi,
259-272.

Engle, R.F. & Granger, C.W.J. (1987). Co-Integration and Error Correction: Representation,
Estimation, and Testing. The Econometric Society, 55(2), 251-276.

Gergeker, M., Ozmen, i. & Mucuk, M. (2020). Ar-Ge Harcamalari Ve issizlik Arasindaki
Nedenselligin Ampirik Analizi: G7 Ulkeleri Ornegi. Marmara Universitesi Iktisadi ve
idari Bilimler Dergisi, 41(2) , 413-431 .

Konya, S. & Durgun, 0. (2022). G7 Ulkelerinde Ar-Ge Harcamalari ile istihdam iliskisi. Sakarya
iktisat Dergisi, 11(1), 17-32 .

OECD (2022), Gross Domestic Spending on R&D (indicator). doi: 10.1787/d8b068b4- en
(Accessed: 5 June 2022)

Ozcan, S.E. & Ozer, P. (2017). Ar-Ge Harcamalari ve Patent Basvuru Sayisinin Ekonomik
Biylime Uzerindeki Etkileri: OECD Ulkeleri Uzerine Bir Uygulama. Anadolu
Universitesi Sosyal Bilimler Dergisi, 18(1), 15-28.

Pesaran, M.H., Shin, Y. & Smith, R.J. (2001). Bounds Testing Approaches to the Analysis of
Level Relationsahips. Journal of Applied Econometrics, 16(3), 289-326.

Piva, M. & Vivarelli, M. (2017). Is R&D Good for Employment? Microeconometric Evidence
from the EU, IZA World of Labor DP, 10581 ; Vivarelli, M. (2015). Innovation and
Employment, IZA World of Labor, 154.

Seviktekin, M. & Cinar, M. (2017). Ekonometrik Zaman Serileri Analizi E-views Uygulamali.
Bursa: Dora Yayinlari.

Tamayo, M.P. & Huergo, E. (2016). The Effect of R&D Services Offshoring on Skilled
Employment: Firm Evidence, The World Economy, 39(9), 1414-1433.

Tar, R. (2006). Ekonometri. (4. Bsm), istanbul: Avci Yayinlari.

Tiftik, C. (2021). Teknoloji Temelli Arastirma Ve Gelistirme Faaliyetlerinin Genel istihdam
Uzerine Etkisi: Sistematik Derleme Calismasi. [stanbul Kent Universitesi insan ve
Toplum Bilimleri Dergisi, 2(2) , 95-111.

Kirklareli University Journal of the Faculty of Economics and Administrative Sciences
365 ISSN: 2146-3417 | E-ISSN: 2587-2052 Volume 11, Issue 2, September 2022



