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Abstract

In this study, an analysis of technological development in Turkey between 2007 and 2020 was conducted
using a Bayesian approach in regression analysis. Within this scope, variables affecting the Gross
Domestic Product (GDP), such as Research and Development (R&D) expenditures, Information and
Communication Technology (ICT) product exports, and High-Technology Product Exports (HTE), were
examined. The parameters of these variables were estimated using data documents compiled from the
Organisation for Economic Co-operation and Development (OECD), Global Economic Data
(CEICDATA), and the official data site of the World Bank. Both classical and Bayesian methods were
employed in the analysis of the obtained data. Multiple linear regression analysis encountered
multicollinearity issues. Therefore, the Bayesian regression method, which is not affected by
multicollinearity, was preferred over the classical method. Multiple linear Bayesian regression analyses
was conducted using the WinBUGS program, and the parameters of our variables were obtained.
According to the analysis results, it was determined that R&D expenditures, information and
communication technology product exports, and high-technology product exports have a positive and
significant relationship with Turkey's technological development.

Keywords: Regression analysis, Bayesian regression analysis, technological development, Monte Carlo
method, WinBUGS programme.
Oz

Calismada, regresyon analizine Bayesci bir yaklasim uygulanarak 2007-2020 yillart arasinda
Tiirkiye 'deki teknolojik gelisimin analizi yapilmistir. Bu kapsamda, gayrisafi yurt ici hasilay: etkileyen,
Ar-Ge harcamalari, bilgi ve iletisim teknolojik iiriin ihracati ve yiiksek teknolojili iiriin ihracati
degiskenleri incelenmigtir. Bu degiskenlerin parametrelerini tahmin etmek icin gerekli veri dokiimanlari
Ekonomik Is Birligi ve Kallinma Orgiitii (OECD), Kiiresel Ekonomik Veri (CEICDATA) ve Diinya
Bankasi resmi veri sitesinden derlenmistir. Elde edilen bu verilerin analizinde klasik ve Bayesyen yéntem
kullamlmigtir. Coklu dogrusal regresyon analiz sonucunda ¢oklu dogrusallik sorunu ile karsilasiimistir.
Bundan dolay klasik yontem yerine ¢oklu dogrusalliktan etkilenmeyen Bayesyen regresyon yontemi tercih
edilmistir. Coklu dogrusal Bayesyen regresyon analizi WinBUGS programi yardimiyla analiz edilerek
degiskenlerimize ait parametreler elde edilmistir. Elde edilen analiz sonuglarina gore Ar-Ge
harcamalarmin, bilgi ve iletisim teknolojik iiriin ihracatimin ve yiiksek teknolojili iiriin ihracatinin
Tiirkiye 'nin teknolojik gelisimi iizerine pozitif yonlii ve anlamli bir iligkisi oldugu tespit edilmistir.

Anahtar Kelimeler: Regresyon analizi, Bayesyen regresyon analizi, teknolojik gelisim, Monte Carlo
yontemi, WinBUGS programi.
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1. Introduction

When we talk about technological development, the first thing that comes to mind is the equipment
and tools used. However, it encompasses every aspect of the design and project mechanisms in any
field, from the beginning of the concept to the usage stage.

Due to technological advancements, the geographical and political barriers between the
countries are removed. Technological innovation made in any country quickly reach other countries,
and adaptation to these innovations and the rapid utilization of technology occur in those countries as
well. In addition, state policies have begun to take shape and form in line with technological
development as directed by technological development (Golgeci et al., 2022). In this way, the trade
mobility with developed countries enhances the ability of countries to compete with each other
technologically and ensures that the level of development increases exponentially. And so, following
the development of technology of high-tech countries, preparing the necessary background,
purchasing these technologies, improving these technologies if it is possible, exporting and producing
similar products will contribute to the growth of these countries. Thus, countries that can follow
technological development progress daily in the light of science renew themselves and continue to
develop by increasing the speed of adaptation.

For adaptation to technological development to be successful, many steps must be coordinated
together. One of the most crucial steps is producing and exporting technological products with high
economic returns. When these products, which have high economic returns, are exported, it is
observed that the GDP per capita in that country increases to a certain extent. This situation shows a
positive relationship between the exported products and that country's economic growth and
development (Sahin, 2019).

Economic development in the states of the world has started to be mentioned with ICT products,
considering the speed and scope of the internet in recent years, because countries and companies
using science and technology products have realized that productivity has increased (Watanabe et al.,
2015). This increase in productivity has led to increased technological products used and exported
within the countries. Thus, it has positively contributed to the technological development of those
countries. Especially in recent years, the developments in the field of informatics and technology
have increased the need for a qualified workforce in the process of integrating technological
developments into production tools and in the use of these technological tools, together with the
increase in the use of technology and the expansion of the usage area (Dogan, 2022).

Technological developments create the necessary infrastructure for a country’s economic
growth. It is possible by supporting the institutions and organizations that will support technological
development, following the technological developments that have taken place in the states of the
world, and by strengthening the communication network and exchanging information with its
stakeholders. Adapting to technological progress and following the technological investments that
will be made or planned in science and technology are the most critical factors that accelerate
technological development (Dam and Yildiz, 2016).

2. Technological Development

Technological development eliminated historical and geographical disadvantages and made trade
easier between countries (Sinha and Sengupta, 2022), and the state policies began to be determined
in parallel with technological development (Golgeci et al., 2022). Although the attitude of state
administrators is influential among the most significant improvers of quality of life, the level of
technological development of countries is determinant (Brewer et al., 2005).

GDP is one of the most critical variables in determining the growth and development level of a
country’s economy. In addition, the period when the country’s economy is stationary can also be
determined with the help of this variable (Ntantanis and Pohlman, 2020). Since GDP is the monetary
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equivalent of the price of services and goods produced in a country in a certain period, it is one of the
sources used to determine the economy’s mobility.

The relationship between the technological development of the countries and the innovative
capabilities of that country is significant, and it is directly related to the R&D studies and the budget
allocated for R&D. The reason for this is that the link between technological development and
economic growth is meaningful, and the key point of it is the expenditure on R&D, which is applied
in real economics (Karakostas, 2022). Besides, R&D investments and expenditures support the
technological development of countries and contribute to moving the position of other countries to a
further and better point (Algan et al., 2017).

The export of high-technology products is one of the areas where the states gain an advantage
in international trade and a competitive environment. In addition, innovation studies are the basis for
producing and exporting high-tech products. When innovation and technological development are
considered together, these products with high economic returns indicate economic growth. In this
way, the fact that technological product exports are high in technologically developed countries is
conducive to the growth and revival of the countries' economies (Karakostas, 2022).

Technological development has been changing faster and more comprehensive than in previous
years, and new developments have been experienced (Dogan, 2022). This development in the world's
states has started to be mentioned together with ICT products if the speed and scope of the internet
are considered. The use of science and technology products is an essential factor in the increase in
productivity (Watanabe et al., 2015). Regarding technological development and economic growth,
the importance of ICT expenditures and the contribution of investments in ICT products to the
country’s economy are pretty high (Welfens and Perret, 2014).

In the study, multivariate linear regression analysis and multivariate linear Bayesian regression
were used to determine the effect of our variables on R&D expenditures, high technology product
exports, information, and communication technology exports, which are accepted as the parameters
of technological development in Turkey, the relationship between the variables and the direction of
the relationship analysis has been used.

3. Purpose of the Study

This study examines the effect of technological development variables on Turkey's GDP. In this way,
the country's economic growth will be analyzed in terms of the competitiveness of the world states
and the adequacy of the country in terms of innovation. The analysis results are significant in that
they contain information that guides the policymakers in the country in making strategic decisions.
Because technological development is unthinkable without innovation and R&D studies. R&D is
critical for developing new products, technologies, and services. These developments will encourage
foreign trade and increase exports. This increase will contribute positively to the increase in the
competitiveness of the country and its technological development. Although the variables used in the
study are used by many researchers with different methods, the difference in the method we use will
contribute to the studies done in this field.

The contribution of R&D, HTE, and ICT variables to Turkey’s technological development is
significant. Thus, our study aims to test the effect of these variables by using Bayesian regression
analysis.

4. Literature Review

To investigate the technological development (Mohamed et al., 2022) and economic growth
(Jahanger et al., 2022) of the countries, from the technological development parameters, R&D
expenditures (Giines, 2019; Ozcan and Ozer, 2017; Inekwe, 2015; Algan et al., 2017; Uskov, 2020;
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Zhang and Yang, 2022) export of high tech products (Seker, 2018; Seker, 2019; Kozlova and
Didenko, 2022) information and the effects of communication technology export (Tunali and Giiz,
2021; Miller and Miller, 2021) were examined in their studies. In some studies, the classical method
and Bayesian method were used to investigate the relationship between dependent variable and
independent variables (Taufiq et al., 2019; Zhang and Yang, 2015; Papananiasa et al., 2019; Kaya,
2019; Dogan, 2017; Foley, 2018; Temiz, 2017). In addition, in some of the studies, the classical
approach and the Bayesian approach were compared (Yardimei, 2000; Giindogdu, 2016; Ozbay,
2017; Yurteu, 2018; Ciftci and Geng, 2020).

As far as we know, in the studies in the literature, no study has been found that examines the
effects of technological development indicators on the gross domestic product with our methods. The
most crucial difference between the study and the existing literature is the variables and method used.
Some studies in the related literature are as follows.

4.1. Studies On R&D

In Inekwe's (2015) study, we examined 66 countries with low, middle, and high levels of economic
development between 2000 and 2009. In this study, while the effect of R&D expenditures on
economic growth was significant in countries with medium and high levels of economic development,
this effect was insignificant in countries with low levels of development. The research analyzed the
lowest square GMM and dynamic system GMM model using the pooled mean group method.

In the study of Algan et al. (2017), to investigate the effect of developing technological
innovations and science on Turkey’s economic growth between 1996 and 2015, the number of patent
applications, R&D expenditures, and GDP variables were analyzed using the Granger Causality test,
and the differences between the variables were analyzed, and the relationships between variables were
determined.

In the study of Ozcan and Ozer (2017), the effect of R&D expenditures and number of patents
on economic growth between 1995 and 2013 was analyzed using data from 23 OECD countries and
the panel data method. In this analysis, it has been concluded that R&D expenditures and the number
of patent applications have a meaningless effect on economic growth in the short term. Still, it has
been concluded that this effect will be meaningful in the long term.

In the study of Giines (2019), the effect of R&D expenditures on the economic growth of 32
OECD countries between 2000 and 2014 was analyzed using panel data. In addition, unit root and
Granger Causality tests were performed in the analysis. Although the analysis shows a positive
relationship between economic growth and R&D expenditures, no causality relationship has been
found.

In the study of Uskov (2020), to analyze the economic situation of Russia from a scientific and
technological point of view, the GDP ratio and scientific and technical developments, R&D funds,
industrial and technological investments, and economic decisions were examined comparatively,
together with the developing technology. In addition, the relationship between the economic
development of developed countries and developing technology was examined, and comparisons
were made. This study used comparative dialectical logic, empirical experience, and theory-based
analysis.

4.2. Studies On HTE

In the study of Seker (2018), to examine the effects of Turkey’s technological development, exported
high-tech products, the number of patents, and the industrial production index on technological
transfer and foreign investments between 2010 and 2015, the data belonging to the variables obtained
from 11 OECD member countries were analyzed with the panel data method.
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In the study of Seker (2019), the variables of domestic patent numbers, capital investments, and
exports of high-tech products were used to measure the change in Turkey’s economic complexity
index between 1989 and 2017. Relationships between variables were analyzed with Gregory-Hansen
and Johansen cointegration tests. As a result of this analysis, it is predicted that investments will be
made in Turkey in developing technological innovations. High-tech products that can be exported
will increase the economic complexity index.

In the study, using panel data analysis, Oguz and Gokhan, (2020) examined the effect of R&D
expenditures on the export of high-tech products in OECD countries between 1996 and 2016. As a
result of the analysis, it has been tested that R&D expenditures significantly affect the export of high-
tech products. Besides, they expressed their opinion that more investments should be made in R&D
expenditures to increase the positive effect.

The study of Kozlova and Didenko, (2022) examined how the quality of life of people in the
G7 and E7 countries was affected by the advancing technology. When comparing these countries, the
human development index, Gini index, international poverty line, consumer price index, number of
patent applications, technical cooperation grants, number of technicians working in R&D, and
number of high technology exports were used as variables. The analysis used the Dickey-Fuller,
Student t, Ljung-Box Q tests, and the least squares method. The study concluded that technological
development's effect on the quality of life can be used in social development strategies.

4.3. Studies On ICT

In Miller and Miller (2021) study, the integration of the Russian economy into these innovations was
examined in the face of developing scientific and technological innovations. An organizational model
that equips technological integration with new technological developments and transforms it globally
is proposed. Various statistical methods were used to analyze and synthesize the relationship between
the variables and the structural-functional method, as well as to determine the trends and properties
of the variables.

In the study of Tunali and Giiz (2021), in the panel data analysis using data from 79 countries
between 2010 and 2016, the effect of the information and communication technologies index on
economic growth was investigated through five different models. As a result of the analysis, it has
been determined that there is a positive relationship between economic growth and the ICT
development index.

Ciitcii and Akkur (2022) in their study, conducted the Lee- Strazicich unit root test, the Hatemi-
J Cointegration test, and Hacker and Hatemi-J Causality analysis to analyze the relationship between
the knowledge economy and foreign trade balance between 1984 and 2019. As a result of the analysis,
a significant long-term relationship was determined between Turkey’s economic growth and the
knowledge economy.

4.4. Studies On Bayesian

In the study of Uzun (2020), how to apply Bayesian hypothesis tests to population ratio, population
mean, and difference of two populations was examined in detail, and the results obtained with the
help of Matlab, R, and SPSS programs were compared by supporting this study with examples.
Claims were tested using Bayesian and classical hypothesis methods on accurate data. As a result of
the analysis, it was concluded that the Bayesian method is an alternative method that can be used
instead of the classical method.

In Kog¢ (2020) study, estimations were obtained on accurate data, using the classical and
Bayesian methods to test which approach best predicts the parameters of the Weibull distribution.
The best result for all samples was obtained through the Bayesian approach using MCMC.
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In Erkan's (2019) study, the variable of causal relationships was compared with Bayesian
estimation and the maximum likelihood method using structural equation models. It was emphasized
that choosing an approach by researchers is practical in complex, multilevel, nonlinear, serial
categorical, semi-parametric, and lost data that the classical approach cannot be used. The comparison
to accurate data in the study showed that the Bayesian approach gives better results than the classical
approach.

In the study of Zerey (2018) on the closing prices of stocks in the BIST 30 index, the prices
were compared by calculating the risk and return values using the classical and Bayesian approaches.
Suggestions were made regarding which stocks should be preferred.

In his study, Foley (2018) estimated US GDP growth using the Bayesian approach to linear
regression using Matlab and R program. Since the estimated range is wide, when other models that
can be used are investigated, it was concluded that applying Bayesian regression to the R model
would be more appropriate.

5. Data, Model Specification, And Methodology
5.1. Bayesian Approach

The Bayesian approach begins with the experiment that Bayes mentioned in the problem of the
Doctrine of chance. The Bayes Theorem, named after him, was put forward by the 18th-century
mathematician priest Thomas Bayes. In the Bayesian approach, trying to reach the causes by
reasoning from the available data is the most immense contribution to this problem. Here,
mathematical notation and terminology can easily explain the order of events and the concepts used
(Bernardo and Smith, 2000).

With the Bayesian method, the estimation of complex models and nested hierarchical models,
which are difficult to adapt to the classical model, can be made comprehensively (Congdon, 2006).
In addition, the applicability of Bayesian models has increased thanks to the improvement in
computer algorithms by doing finite sample extraction in small sample groups, incomplete or
incorrectly measured data, and unobserved data (Dubois and Prade, 1988). It has been proven to give
a reasonable estimation of parameters (Richardson and Best, 2003).

5.2. Determination Of Pre-Distribution

The most important distinguishing feature between the classical and Bayesian methods is the use of
a priori distribution. While it is questioned by the classical approach whether apriori represents our
data, it should be questioned whether the non-usage of apriori affects the study. Here, the Bayesian
approach’s ability to combine data with past experiences in a logical framework and contain
information on updating our parameter belief is essential (Mccarthy, 2007).

The non-informative pre-distribution is a distribution used when there is no prior knowledge
about the parameter. Its use is quite common as it allows Bayesian conclusions in estimating
parameters for which we haven’t got any information (Gelman and Hill, 2007). Informative pre-
distribution means that we have a degree of belief about the parameter. It includes choosing an
appropriate prior distribution family for each model and finding parameter values that will reflect the
available data well (King et al., 2010). In applying the Bayesian approach, there should be harmony
between the maximum likelihood function, prior knowledge distribution, and final information
distribution, as in Table 2.1 (Karadag, 2011).
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Table 1. Conjugate Families

Likelihood functions Preliminary information distribution Latest information distribution
Binom Beta Beta
Uniform Pareto Pareto
Normal (o%is known) Normal Normal

Normal (p is known)

Reverse Gamma

Reverse Gamma

Poisson Gamma Gamma
Exponential Gamma Gamma
Gama Gamma Gamma
Bernoulli Beta Beta
Normal Normal-Gamma Normal- Gamma

Source: Karadag (2011).

5.3. Bayesian Regression Analysis

The method in the Bayesian approach, in which the researcher's degree of belief about the situation,
which is the research subject, is evaluated as a priori knowledge, is different from the classical
approach. The posterior distribution is obtained by combining a priori information with the available
data. In the Bayesian approach, we aim to obtain the posterior distribution of the parameter. The a
priori distribution, which doesn’t provide information, obtains the posterior distribution when prior
information is unavailable. When the a priori distribution that does not give information is used, the
result is similar to the results obtained from the classical approach and gives approximate results. The
informative prior distribution will be used if we know the observation data before obtaining the
observation values. It is a narrower interval than the confidence interval of the posterior distribution
parameters obtained using the informative prior distribution and gives more reliable results about the
parameter (Judge et al., 1986).

To obtain the posterior distribution using the Bayesian Approach;

While 0 parameter is a random variable and parameter 0 is certain, the similarity function is
f16).

The density function of 8¢" random variable is written as,

h(,y) = f(¥10).9(0) = g@ly).f(¥) (1)

(1) equation is designed as

_r16).96)
g@ly) = o (2)

And Bayesian theorem is obtained. Here g(6|y), defines posterior distribution for 6 parameter.
f(y]6) similarity function is mathematically the same as the likelihood #(0]y) for 6. And it is as

£(0ly) = f(8ly) = Ili=1 f(:10) 3)
From here
_ fy®)g® _ £(y]0).90)
9(0ly) = f»  [fy|0).g)ae 4)

f() = [ f(y16).g(6)d0 is the normalization constant for the Bayesian approach and is equal
to 1 (Judge et al., 1986). If necessary, adjustments are made again without writing this constant and
equation (3) is written into the place of equation (4) the expression.

g@ly) «< f(yl6).g(8)
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g@ly) < £(6]y).g(6) ()

Here, the symbol '« ' indicates that it is proportional symbol (Greenberg, 2008). The
expression given (5) is verbally called as

posterior distribution « likelihood function x prior distribution

Here, e ~ N (0,62]), has a normal distribution with error mean of zero and radial of §2, and if
the equation (5) is adopted to the linear model y = xf + e

gB,aly) <« £(B,aly).g(B, 0) .
£(B,0ly) = (2mo?) T/ 2expl— LHELO=E)
g =xB) y—xPB
- @m e el SRR %
In this equality
b= (xlx)_lxly 62 = _ (y=xb)'(y—-xb) Tk

4

If we substitute values in equation (7) and do not write the normalization constant

£(B,0ly) = o Texp{—5=[v6% + (B — b)'x'x(8 — b) I} (8)

This obtained likelihood function is used to obtain the posterior distribution for informative and
non-informative a priori distributions (Judge et al., 1986).

5.3.1. Obtaining Non-Informative A Priori And Posterior Distributions

For a priori that does not give information for parameters [ and g, the proportional expression of

gB,oly) « &7 )
is used. Under the assumption that 8, o parameters are independent, it can be written as
g(B,0) = g(Bg(o) x §7* (10)

Here -00< 8 <oo0 and 0< ¢ <o and if g(B) is considered constant, g(¢) « o~ (Judge et al.,
1986).

Here,
As
[2,9(BYdB =0, [7g(o)do=co

The likelihood function given by equation (8), does not given information given by equation
(9) is substituted in the posterior dustribution that is given with equation (6) and necessary
arrangements are made posterior distribution is obtained as

gB,aly) < £(B,aly).-g(B,0)
o« o~ Vexp{——[v62 + (B — b)'x'x(B — b) I} (11)

This obtained posterior density function summarizes all our knowledge about posteriority, but
when we consider various marginal and posterior densities and if we rearrange (11) we get

9B,oly) = g(Blo,y).-g(aly) (12)
g(Blo,y) = (2m) /25 |xIx|"/2exp{— [ (B — b)'x'x(B — b) 1} (13)
and
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s = 25(2) " o (-22) <14>

The marginal posterior density function ¢ given by equation (14) is an inverted gamma
distribution through the parameters v and 2. Since o is unknown, if the equation (13) is rearrenged
according to parameter f§ and integrated to parameter o.

gB1y)= [ 8B oly) do
= |, g(Blo,¥).g(oly) do
x f U(T+1)9XP{——[V + (B —b)'x'x(B —b) ]} do

« [1+1(B=D)ZX (B~ b)) (15)
is obtained. Ifit is desired to obtain posterior information over a single parameter
for ﬁla
B1-b
g(Buly) o [1+475E) a2 (16)

6(11

= . . . . . . . . v S .
It is a univariate ‘t’ distribution whose average mean is b, and variance [n] 8%ay4. Also by is

the first element in b and a,; is the first diagonal element of th (x/x)~* matrix.

for o,

glaly) = J; g(ﬁ,a ly) dp

v+1e p(_ 202 (17)
can be obtained (Judge et al., 1986).

5.3.2. Obtaining The Posterior Distribution with The Informative A Priori Distribution

We can include a priori information in our analysis thanks to Bayesian analysis. We need a conjugate
distribution when doing this merge. In this way, a mathematically compatible natural conjugate
function that will represent our prior knowledge should be determined. When this function is a prior
distribution that can easily combine with the likelihood function, the results obtained in the posterior
distribution are similar to the prior distribution.

Since the likelihood function given in (8) is a function of the parameters f§ and o, the natural
conjugate function is a gamma function.

2, aly) « h1<ﬁ|a,y)hz(a|y> (18)
hy (Blo,y)=exp{——[ (8 — b)'x'x( — b) |} (19)
ha(oly) = o Texp(2; (20)
and, a priori information for ( B!,0 )
9(B,10) = (2ma?)~*/?|A|2exp{— = [ (B — b)x'x(B — b) 1}
= (2m) K726 T A exp(— — [ (B — b)x'x(B — b)]} 1)

and
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9(0) = =5 (5)7? (22)
r(z)" 2
Combining (21) and (22), and subtracting normalization constant,
—K—— 1 ¢ __ | 5
g(B,0) « oK T lexp(——[05* + (B —B)AB - B 1} (23)
Normal gamma a priori density isobtained. If this equation is integrated to o
1 7\ 4 5N1—(K+T
9B x[1+-(B=B) 5 (B-BI /> (24)

The a prior density for f is obtained. Substituting the natural conjugate of (23) with the
probability function (7) in the equation (6)

9(B,oly) < oI lexp(— L[ 552 + (B - F) AGB — DI} (25)

posterior density function is obtained (Koehrsen, 2018).

5.4. Monte Carlo Simulation Method (MC)

Our study used the MCMC method based on Bayesian theory and the WinBUGS program to make
statistical inferences. This program provides the derivation of the data drawn from the final
probability distribution with the Monte Carlo Simulation Method. Thus, the final probability
distribution can be obtained precisely or approximately (Ekici, 2005). Monte Carlo Markov Chains
(MCMC), which allows us to find samples independent of each other from the posterior distribution;
as the sample size goes towards infinity, our expected value according to the law of large numbers
either gets very close to its actual value or its real value is obtained (Hahn, 2014).

The Monte Carlo method is a computational algorithm to optimize numerical integration or
probability distribution. It is a powerful tool for simulating the behavior of analytically complex
situations to model or solve. Sometimes, it is also applied to situations that have analytical solutions.
It is preferred over analytical solutions because the MC method has an advanced computer
infrastructure that allows us to easily calculate results closer to the analytical solution by adjusting
the working time on the computer as we want. As the number of parameters increases, reaching an
analytical solution becomes difficult and sometimes impossible (Hahn, 2014). It was observed that
the values obtained with the Monte Carlo simulation were close to absolute data values, worked very
fast in programming, and better results were obtained even in simple Monte Carlo models (Hahn,
2014).

WinBUGS, a program that can be practically calculated in Bayesian regression analysis,
provides the opportunity to work with other programs even though it is an independent program and
can work in an integrated manner with the R program. In addition, WinBUGS is widely used because
it i1s an effective software for detecting the uncertainty of model parameters in estimations and
removing this uncertainty (Mccarthy, 2007).

6. Results
6.1. Empirical Model

In our study, the Bayesian method has been used to estimate the parameters of the technological
development in Turkey and to examine and predict the change of our dependent variable, GDP,
according to our independent variables, R&D expenditures, exports of high-tech products, exports of
information, and communication technology. In this context, our model is

GDP=B; + B, * RD + B3 * HTE + B, x ICT + ¢; (26)
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6.2. Empirical Results

6.2.1. Analysis of The Model with Multiple Linear Regression

To test the explanatory effect of the independent variables R&D, HTE and ICT on the GDP dependent
variable, the analysis was performed with the help of the SPSS22 program.

Table 2. Correlation Table

GDP R&D HTE ICT
Pearson Correlation GDP 1.000 0.987 0.934 -0.262
R&D 0.987 1.000 0.888 -0.380
HTE 0.934 0.888 1.000 0.008
ICT -0.262 -0.380 0.008 1.000
Sig. (1-tailed) GDP . 0.000 0.000 0.182
R&D 0.000 . 0.000 0.090
HTE 0.000 0.000 . 0.489
ICT 0.182 0.090 0.489

Source: Created by the author using data from OECD, CEICDATA and World Bank (2023).

Table 2 shows that the correlation coefficient between independent variables is more
remarkable than r>.80. This means a multicollinearity connection between the variables. Therefore,
this high relation between independent variables causes the coefficient of determination to be
significant. In this case, some of the independent variables are affected by each other. The effect of
dependent variables on the dependent variable decreases, and this effect cannot be determined
precisely.

Table 3. Parameter Test Result Table

o]
N2 B2 g 8 2 2
S 5 S5 25 8 .38
g5 25 S8 2 g S g
=& S & s S S £g
= O S © >~ £ E E = 8
— > Q S O Qg ) o
5 20 & O O £ O O
B - ~
o)
g : = E | o8 :
& - =] [} b= = e = [
m &3 o} i A Q € s g =
< m = o o ;36 o < A 2 >
G % : | &38| " &
3 o N
1(Constant) | 4.902 |0.863 5.679 0.000 2.978| 6.825
R&D 0.521 [0.076| 0.856 6.835 0.000 0.351| 0.691 [0.987]10.908|0.212| 0.061 |16.326
HTE 0.099 [0.066| 0.174 1.500 0.165 |-0.048| 0.246 [0.934]10.429|0.046| 0.072 |13.974
ICT 0.079 [0.074| 0.061 1.061 0.314 |-0.087| 0.244 |-0.262|0.318]0.033| 0.291 |3.441

a. Dependent Variable: GDP
Source: Created by the author using data from OECD, CEICDATA and World Bank (2023).

Table 3 shows that the VIF values of our variables R&D and HTE are more significant than
five. This means that there is multiple linear dependence between the variables. In cases of
multicollinearity, independent variables will be insufficient to explain the dependent variables. For
this, some variables should be sought for the multicollinearity problem. As a result, regression
analysis can interpret the study with this model as meaningless.

6.2.2. Analysis of The Model with Multiple Linear Bayesian Regression

In order to test the explanatory effect of the independent variables R&D, IIT and ICT on the dependent
variable of GDP, the posterior distribution parameters were obtained by taking the logarithm of
Turkey's data with the help of the WinBUGS program.
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The uncertainty of what results we will encounter before the model analysis points to the
importance of the priors to be selected. Markov gradually produces samples from the posterior
distribution of the distribution parameters after a selected combustion process in his chains. Since the
first 1000-5000 chain burns are usually sufficient in multiple linear regression models (Hahn, 2014),
a born with the first 1000 iterations is allowed in our study. Thus, Markov chains plotted the trace
graphics after the 1001 step, and in this way, posterior distribution parameters were obtained. When
determining the number of iterations, a sufficient number of Markov chains should be allowed,
considering the deviation from the initial values of the chain and the MC error. It was noted that the
MC error was less than 0.5 (Hahn, 2014). The Monte Carlo method used in our analysis is beneficial
due to its basic features, such as working very fast with the WinBUGS program, approximating the
numerical data we obtained based on simulation to the actual value, and application to small and
simple models.

6.2.2.1. A Priori Distribution

To obtain Turkey’s a priori distribution, the definite preliminary distribution normal distribution was
chosen for the Turkey model since the data of Turkey show a normal distribution. The parameters of
the uncertain preliminary distribution were ensured to be identical to the uncertainty by taking the
average of the parameters of Turkey’s a priori distribution as 0 and the precision as 0.001 (Ekici,
2005). This selection referenced previous studies and books on this subject (Hahn, 2014). Since the
program works with precision, precision was preferred instead of variance, and gamma distribution
was used for precision. Here b [j]’s are the uncertain a priori distribution with a mean of and a
precision of 0.001, and the precision is a gamma distribution with a parameter value of 0.001, and it
is shown as

b[j] ~ dnorm(0, 0.001)
tau ~ dgamma(0.001, 0.001)

6.2.2.2. Posterior Distribution

In order to obtain the posterior distribution, the uncertain preliminary distribution values selected as
the preliminary distribution of the Turkey data and the data for Turkey were with the help of our
model (26) and WinBUGS programs and necessary operations are performed, the posterior
distribution data of the Turkey model is obtained. These data were given through tables and graphics,
and conclusions were drawn.

Table 4. Complementary Statistic Table

node | Mean sd MC error 2.5% median 97.5% start sample
b[1] | 4.817 4.194 0.00347 -3.554 4.82 13.16 1001 1499000
b[2] | 0.5277 0.3715 3.058E-4 -0.2113 0.5272 1.27 1001 1499000
b[3] | 0.09382 0.3229 2.632E-4 -0.551 0.09421 0.7353 1001 1499000
b[4] | 0.08584 0.361 2.972E-4 -0.6328 0.08591 0.807 1001 1499000
tau | 476.2 211.8 0.2215 155.7 445.0 972.5 1001 1499000

Source: Created by the author using data from OECD, CEICDATA and World Bank (2023).

Considering the MC error in the Descriptive analysis table of the posterior distribution of
Turkey, the significance levels of our independent variables are less than 0.05, and it can be
interpreted that the independent variables explain the dependent variable. At the same time, the signs
of the coefficients of the independent variables are positive, as expected, and it can be concluded that
the independent variables affect the dependent variable positively, so the effect of technological
development is positive.
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Figure 1. Trace Plot

The Markov chain displays 200 iterations at a specific interval. When the trace drawing created
by these chains is examined in Figure 1, we can interpret that the search speed of the Turkey model
is relatively high while approaching the posterior distribution by looking at the oscillating
movements. When Figure 1 is scrutinized, we conclude that the trace plot searches our model's
posterior distribution with the desired search speed level.
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Figure 2. Multi Chain Tracking Motion Graph; 1001-1500000

We can observe from Figure 2 that the posterior distribution produces values around the point
where it converges consistently along the chain and that all chains are well-mixed. For instance, we
can interpret that parameter b[1] produces values close to 4.817 in the range (-3.554, 13.16). It is
observed from Figure 2 that the other parameters produce values around the mean posterior value of
the parameter in the same way.
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Figure 3. Kernel Density Plot

The densities of the parameters, the precision, and the Kernel density plots are as in Figure 3;
here, it is observed that the parameters are normally distributed, and the precision is skewed.
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Figure 4. Autocorrelation Plot

Looking at Figure 4, it is observed that the autocorrelation is zero for all parameters and is in
the ideal situation. This gives us the idea that the autocorrelation is zero in the transitions from one
iteration to another during the performance of Markov chains, and the chains are derived
independently. Thus, it has been observed from this drawing that there is no dependence between the
simulation values. The fact that the chains are independent allows us to obtain the maximum possible
information about the parameters we want about the posterior distributions.
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Figure 5. Working Quantities Graph
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Figure 5 shows that the parameter values and precision were generally constant throughout the
study, within the 95% confidence interval. For example, parameter b[1] produced constant values
along the value 0of 4.817 and converged to a particular value.

6.3. Model Control

GDP| model fit: mu

GDP

12.0
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T
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Figure 6. Model Control

We control our model with the help of the WinBUGS comparison menu. The points on the
graph represent our dependent variable, dotted lines represent the independent variable’s %2.5 and
%09.5 quantile range, and straight lines represent the %50 quantile value (Hahn, 2014). It is observed
that the independent and dependent variables take values close to each other; that is, they are
consistent. In Figure 6, all values fall between the quantile range of %2.5 and %97.5, and the %50
values are very close to the quantile value. This shows that the independent variables in our model
are sufficient to explain the dependent variable.

7. Conclusion and Discussion

R&D's expenditures in Turkey significantly impact information and communication technology
exports, high technology exports, technological and economic growth, and development. In this
context, the model coefficients in our study using Bayesian regression analysis were positive. In
addition to the positive model signs, when other variables are kept constant, for a one-unit increase
in GDP, R&D shows an increase of 0.5277 units, HTE shows an increase of 0.09382 units, and ICT
shows an increase of 0.08584 units. This increase means that R&D, ICT and HTE, technological
development indicators, significantly and positively affect GDP. In addition, in the model control, it
is observed that the independent variables are at a sufficient level to explain the dependent variable.

In the study, Bayes optimization, which has a powerful strategy to examine and solve large and
complex data systems where traditional optimization methods are ineffective, was used to examine
the probability distributions of our variables (Ekici, 2005; Dogan, 2017).

In this study, it was found that the Bayesian approach became more useful with the combination
of a well-chosen a priori knowledge and advanced computer infrastructure, similar to the studies of
(Scheines et al., 1999; Song and Lee, 2004; Kruschke et al., 2012; Zhang and Yang, 2015; Giindogdu,
2016; Temiz, 2017; Foley, 2018; Yurtcu, 2018).

The Bayesian approach is a method that continues to improve its estimation as new data comes
in after the first estimation data is generated, constantly renewing itself and strengthening its
estimations. Although this method looks at the world intuitively, its developing infrastructure and the
tried and tested method used in it have made it possible for this approach to find a wide area of use.
The Bayesian approach can work without prior knowledge, and a value close to the results obtained
with other methods is obtained. However, studies have observed that the value range obtained with a
well-chosen a priori is closer to the expected range (Kruschke et al., 2012). In future studies, research
can be done to compare more methods and find the most suitable one.

In the classical method, there was a high correlation between the independent variables, and it
was observed that there was a multi-linear dependence between the variables. In this case, solving
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our model with the classical method of analysis is statistically meaningless; therefore, it has been
observed that the Bayesian approach provides the desired conditions for our model. In addition,
posterior distributions were obtained despite the small data and multiple linear dependences. This
shows that the Bayesian approach can be applied to models that cannot be solved with the classical
approach.

As a result, Bayesian regression analysis found that the independent variables contributed to
Turkey's technological development. Furthermore, similarly, the importance of these variables that
contribute a positive impact on economic and technological development was emphasized in many
studies (Algan et al., 2017; Petralia et al., 2017; Ozcan and Ozer, 2017; Giines, 2019; Seker, 2019;
Mehmood et al., 2022; Mora-Apablaza and Navarrete, 2022).

7.1. Argument

Many factors, such as the readiness of the country’s infrastructure for technological development, the
budget allocated to research and development, the investment made, the attitudes of the country
managers, and underground riches, are practical. Countries should prepare the infrastructure needed
to produce the products developed by closely following the technological developments and transfer
the technological developments they regard as necessary to their own countries.

When the data obtained from the official websites of the Organisation for Economic Co-
operation and Development (OECD), Global Economic Data (CEICDATA), and the World Bank
between 2007 and 2020 are examined, it is observed that the GDP increased from 590.33 billion
dollars to 1.020 trillion dollars, R&D increased from 34.397 thousand dollars to 80.819 thousand
dollars, and HTE increased from 1.860 billion dollars to 4.170 billion dollars. In this study, it has
been confirmed by the analysis that the increase in these variables, which directly affect technological
development, contributes to the positive increase in technological development in Turkey. From this
point of view, ensuring the continuity of the positive increase in these variables is very important.
Investments and expenditures should be made a state tradition and supported and accepted by
everyone.

References

Algan, N., Manga, M. and Tekeoglu, M. (2017, 10-12 July). Teknolojik gelisme gostergeleri ile
ekonomik biiyiime arasindaki nedensellik iligkisi: Tiirkiye 6rnegi. International Conference on
Eurasian Economies 2017, (s. 332-338). Istanbul, Tiirkiye. https://doi.org/10.36880/C08.01869

Bernardo, J.M., and Smith, A. F. M. (2000). Bayesian theory. John Wiley and Sons, Ltd.

Brewer, E., Demmer, M., Du B.W., Ho, M., Kam, M., Nedevschi, S., Pal, J., Patra, R., Surana, S. and
Fall, K. (2005). The case for technology in developing regions. I[EEE Computer Society, 38(6),
25-38. https://escholarship.org/uc/item/7161q0jv

Ciftci, F. and Geng, A. (2020). Bezostaja bugdaymnin fiyatina etki eden bazi donelerin alternatif
regresyon yontemleriyle karsilastirilmasi. Uluslararast Sosyal Bilimler Egitim Dergisi, 6(2),
215-237. https://doi.org/10.47615/issej.837784

Congdon, P. (2006). Bayesian statistical modeling. John Wiley and Sons, Inc.

Ciitcii, 1. and Akkur, A. (2022). Bilgi ekonomisi- ekonomik biiyiime iliskisi: Yapisal kirilmali testler
ile Tirkiye ekonomisi {iizerinde analiz. Yildiz Social Science Review, &8(2), 82-93.
https://dergipark.org.tr/en/pub/yssr/issue/75620/1242793

Dam, M., M. and Yildiz, B. (2016). BRICS-TM iilkelerinde Ar-Ge ve inovasyonun ekonomik
biiyiime {izerine etkisi: Ekonometrik bir analiz. Akdeniz [LB.F. Dergisi, 16 (33), 220-236.
https://dergipark.org.tr/tr/pub/auiibfd/issue/32338/359349

443


https://doi.org/10.36880/C08.01869
https://escholarship.org/uc/item/7161q0jv
https://doi.org/10.47615/issej.837784
https://dergipark.org.tr/en/pub/yssr/issue/75620/1242793
https://dergipark.org.tr/tr/pub/auiibfd/issue/32338/359349

Iktisadi Idari ve Siyasal Arastirmalar Dergisi Journal of Economics Business and Political Researches
Yil: 2024, 9(24): 428-446 Year: 2024, 9(24): 428-446

Dogan, A. (2022). Ulusal ve uluslararasi teknoloji haber web siteleri kullanilabilirliginin igerik analizi
ile karsilastirmali incelenmesi. Kahramanmaras Siitcii Imam Universitesi Sosyal Bilimler
Dergisi, 19(3), 1481-1501. https://dergipark.org.tr/tr/download/article-file/2727225

Dogan, M. (2017). Bayesci yapisal esitlik modellemesi: Teknoloji kabul modeli uygulamasi
(Yayimmlanmamis Doktora Tezi). Eskisehir Osmangazi University. Graduate School of Naturel
and Applied Science. Eskisehir.

Dubois, D. and Prade, H. (1988). Possibility theory. Plenum Press.

Ekici, O. (2005). Bayesyen Regresyon ve WinBUGS ile bir uygulama (Yaymmlanmamis Yiiksek
Lisans Tezi). Istanbul University. Social Science Institute. Istanbul.

Erkan, G. (2019). Klasik ve Bayesci yapisal esitlik modellerinde parametre tahminlerinin
karsilagtirtimasi: Swrali kategorik verilerle bir uygulama (Yayimlanmamig Yiksek Lisans
Tezi). Hacettepe University. Graduate School of Naturel and Applied Science. Ankara.

Foley, D. (2018). A4 Bayesian approach to time series forecasting. Towards Data
Science. https://www.datascientistguide.com/

Gelman, A. and Hill, J. (2007). Data analysis using regression and multilevel hierarchical models.
Cambridge University Press.

Global Economic Data (CEICDATA). (2023, 29 September). Indicators, Chats and Forecasts, CEIC.
www.ceicdata.com/en/indicator/turkey/exports-ict-goods

Golgeci, L., Alj, 1., Bozkurt, S., Gligor, D., M. and Arslan, A. (2022). The impact of corporate support
programs on environmental and social innovation: empirical insights from the food and
beverage industry. International Journal of Operations and Production — Management,
42(7), 898-929. https://doi.org/10.1108/IJOPM-10-2021-0640

Greenberg, E. (2008). Introduction to Bayesian econometrics. Cambridge University Press.

Gilindogdu, S. (2016). Baliklarda biiyiime parametrelerinin Bayesyen istatistiksel yontemle tahmini
(Yayimlanmamis Doktora Tezi). Cukurova University. Graduate School of Naturel and
Applied Science. Adana.

Glines, H. (2019). Ar-Ge harcamalari ile ekonomik biiyiime iligkisi: OECD filkeleri i¢in panel veri
analizi. Sakarya ITktisat Dergisi, 8(2), 160-176.
https://dergipark.org.tr/en/pub/sid/issue/45684/576221

Hahn, E., D. (2014). Bayesian methods for management and business, pragmatic solutions for real
problems. John Wiley and Sons, Inc.

Inekwe, J., N. (2015). The contribution of R&D expenditure to economic growth developing
economies. Soc Indic Res, 124(3), 727-745. https://doi.org/10.1007/s11205-014-0807-3
Jahanger, A., Usman, M., Murshed, M., Mahmood, H. and Balsalobre-Lorente, D. (2022). The
linkages between natural resources, human capital, globalization, economic growth,
financial development, and ecological footprint: The moderating role of technological

innovations. Resources Policy, 76~ (102569),1-18.
https://doi.org/10.1016/j.resourpol.2022.102569

Judge, G.G., Griffiths, W.E., Hill, R.C., Liitkepohl, H. and Lee, T.C. (1986). The theory and practice
of econometrics (Second Edition). John Wiley and Sons, Inc.

Karadag, O. (2011). Bayesci hiyerarsik modeller (Yayimlanmamis Yiiksek Lisans Tezi). Hacettepe
University. Graduate School of Naturel and Applied Science. Ankara.

Karakostas, E. (2022). What determines the medium and hich technology products exports:
The case of Germany. International Journal of Advanced Economics, 4(3), 40-52.
https://doi.org/10.51594/ijae.v4i3.316

Kaya, M. (2019). Robust Bayesyen regresyon analizi (Yayimlanmamis Doktora Tezi). Ankara
University. Graduate School of Naturel and Applied Science. Ankara.

King, R., Morgan, B. J.T., Gimenez, O. and Brooks, S.P. (2010). Bayesian analysis for population
ecology. CRC Press.

Kog, Y. (2020). Weibull dagiliminin parametrelerinin Bayesci yontemle tahmini (Yayimlanmamis
Yiiksek Lisans Tezi). Ankara University. Graduate School of Naturel and Applied Science.
Ankara.

444


https://dergipark.org.tr/tr/download/article-file/2727225
https://www.datascientistguide.com/
http://www.ceicdata.com/en/indicator/turkey/exports-ict-goods
https://doi.org/10.1108/IJOPM-10-2021-0640
https://dergipark.org.tr/en/pub/sid/issue/45684/576221
https://doi.org/10.1007/s11205-014-0807-3
https://doi.org/10.1016/j.resourpol.2022.102569
https://doi.org/10.51594/ijae.v4i3.316

Iktisadi Idari ve Siyasal Arastirmalar Dergisi Journal of Economics Business and Political Researches
Yil: 2024, 9(24): 428-446 Year: 2024, 9(24): 428-446

Koehrsen, W. (2018, 13 April). Introduction to Bayesian linear regression. Towards Data Science.
https://towardsdatascience.com/e66e60791ea7

Kozlova, E. and Didenko, N. (2022). The impact of technological development factors on the quality
of life: A comparative analysis of E7 And G7. International Journal  for  Quality
Research, 16(2), 625—-642. https://doi.org/10.24874/1jqr16.02-18

Kruschke, J., K, Aguinis, H. and Joo, H. (2012). The time has come: Bayesian methods for data
analysis in the organizational sciences. Organizational Research Methods 15(4), 722-752.
https://doi.org/10.1177/1094428112457829

Mccarthy, M.A. (2007). Bayesian methods for ecology. Cambridge University  Press.

Mehmood, K., Iftikhar, Y. and Khan, A.N. (2022). Assessing eco-technological innovation
efficiency using DEA approach: insights from the OECD Countries. Clean Technologies
and Environmental Policy, 24, 3273-3286. https://doi.org/10.1007/s10098-022-02378-y

Miller, A. and Miller, M. (2021). Models of technological integration development. Strategic
Management, 26(4), 015-027. https://doi.org/10.46541/978-86-7233-386-2 8

Mohamed, M., M., A., Liu, P. and Nie, G. (2022). Causality between technological innovation and
economic growth: Evidence from the economies of developing countries. Sustainability,
14(6), 3586. https://doi.org/10.3390/su14063586

Mora-Apablaza, L. and Navarrete, C. (2022). Patents as indicators of the technological position
of countries on a global level? Scientometrics, 127 3), 1233—1246.
https://doi.org/10.1007/s11192-022 04268-y

Ntantanis, H. and Pohlman, L. (2020). Market implied GDP. Journal of Asset Management, 21, 636—

646. https://doi.org/10.1057/s41260-020-00176-z

Oguz, S. and Gokhan, A. (2020). Aragtirma gelistirme harcamalarinin yiiksek teknolojili {irtin
ihracatina etkisi: OECD iilkeleri iizerine bir panel veri analizi. Uluslararasi Iktisadi ve Idari
Incelemeler Dergisi, 0(27),209-222. https://doi.org/10.18092/ulikidince.651992

Organisation for economic co-operation and development. (2023, 29 Eyliil). OECD..stat.
https://stats.oecd.org/

Ozbay, N. (2017). Lineer regresyonda bazi yanl tahmin edicilere Bayesyen yaklasim
(Yayimlanmamis Doktora Tezi). Cukurova University. Graduate School of Naturel and
Applied Science. Adana.

Ozcan, S.E. and Ozer, P. (2017). Ar-Ge harcamalar1 ve patent bagvuru sayisinin ekonomik biiyiime
iizerindeki etkileri: OECD iilkeleri iizerine bir uygulama. Anadolu Universitesi Sosyal Bilimler
Dergisi, 18(1), 15-28. https://doi.org/10.18037/ausbd.550617

Papananiasa, M., McLeayb, T.E., Mahfoufa, M. and Kadirkamanathana, V. (2019). A Bayesian
framework to estimate part quality and associated uncertainties in multistage manufacturing.
Computers in Industry, 105, 35—47. https://doi.org/10.1016/j.compind.2018.10.008

Petralia, S., Balland, P.A. and Morrison, A. (2017). Climbing the ladder of technological
development. Research Policy 46 (5), 956—969. https://doi.org/10.1016/j.respol.2017.03.012

Richardson, S. and Best, N. (2003). Bayesian hierarchical models in ecological studies of health
environment  effects, environmetrics. John Wiley and Sonms, Inc., 14(2), 129 — 147.
https://doi.org/10.1002/env.571

Sahin, B.E. (2019). Impact of high technology export on economic growth: An analysis on Turkey.
Journal of Business, Economics and Finance, 8(3),165-172.
http://doi.org/10.17261/Pressacademia.2019.1123

Scheines, R., Hoijtink, H. and Boomsma, A. (1999). Bayesian estimation and testing of structural
equation models. Psychometrika, 64(1), 37-52. https://doi.org/10.1007/BF02294318

Seker, A. (2018). Teknoloji transferinin teknolojik gelisim, iiretim ve yliksek teknoloji iiriinlerinin
ithracati tizerindeki etkisi: Tiirkiye 6rnegi. Business and  Management Studies: An
International  Journal, 6(3), 583-603. https://doi.org/10.15295/bmij.v613.303

Seker, A. (2019). Teknolojik gelisme ve yiiksek teknoloji ihracatinin ekonomik karmasiklik
endeksi Tlizerindeki etkisi: Tiirkiye Ornegi. Yénetim ve Ekonomi 26(2), 377-395.
https://doi.org/10.18657/yonveek.581397

445


https://towardsdatascience.com/e66e60791ea7
https://doi.org/10.24874/ijqr16.02-18
https://doi.org/10.1177/1094428112457829
https://doi.org/10.46541/978-86-7233-386-2_8
https://doi.org/10.3390/su14063586
https://doi.org/10.1057/s41260-020-00176-z
https://doi.org/10.18092/ulikidince.651992
https://doi.org/10.18037/ausbd.550617
https://doi.org/10.1016/j.compind.2018.10.008
https://doi.org/10.1016/j.respol.2017.03.012
https://doi.org/10.1002/env.571
http://doi.org/10.17261/Pressacademia.2019.1123
https://doi.org/10.1007/BF02294318
https://doi.org/10.15295/bmij.v6i3.303
https://doi.org/10.18657/yonveek.581397

Iktisadi Idari ve Siyasal Arastirmalar Dergisi Journal of Economics Business and Political Researches
Yil: 2024, 9(24): 428-446 Year: 2024, 9(24): 428-446

Sinha, M. and Sengupta, P.P. (2022). FDI Inflow, ICT expansion, and economic growth: an empirical
study on Asia-Pacific developing countries. Global Business Review 23(3), 804-821.
https://doi.org/10.1177/0972150919873839

Song X.Y. and Lee S.Y. (2004). Bayesian analysis of two-level nonlinear structural equation models
with continuous and polytomous data. Br J Math Stat Psychol, 57(1), 29
52. https://doi.org/10.1348/000711004849259

Taufiqg, A., Astuti, A.B. and Fernandes, A.A.R. (2019). Geographically weighted regression
in cox survival analysis for weibull distributed data with Bayesian approach, /IOP Conference
Series: Materials Science and Engineering, 546(5), 052078.

https://doi.org/10.1088/1757-899X/546/5/052078

Temiz, R. (2017). Bulanik Bayesci hipotez testlerinin karsilastirilmas: (Yayimlanmamis Yiksek
Lisans Tezi). Ege University. Graduate School of Naturel and Applied Science. Izmir.

Tunali, H. and Giiz, T. (2021). Bilgi ve iletisim teknolojileri gelisim endeksi ve ekonomik biiyiime
iliskisinin panel veri modelleri ile karsilastirmal1 analizi, ktisadi Idari ve Siyasal Arastirmalar
Dergisi, 6(15), 249-261. https://doi.org/10.25204/iktisad.843070

Uskov, V.S. (2020). Scientific and technological development of the Russian ~ economy in  the
transition to a new technological order. Economic and Social Changes: Facts, Trends,
Forecast, 13(1), 70-86. https://doi.org/10.15838/esc.2020.1.67.4

Uzun, T.K. (2020). Bayesci hipotez testleri ve uygulamalart iizerine bir ¢alisma (Yayimlanmamig
Yiiksek Lisans Tezi). Ankara University. Graduate School of Naturel and Applied Science.
Ankara.

Watanabe, C., Naveed, K. and Zhao, W. (2015). New paradigm of ICT productivity e Increasing role

of un-captured GDP and growing anger of consumers. Technology in Society 41, 21-44.
https://doi.org/10.1016/j.techsoc.2014.10.006

Welfens, P.J.J. and Perret, J.K. (2014). Information and communication technology and true real
GDP: economic analysis and findings for selected countries. International Economics and
Economics Policy, 11, 5-27. https://doi.org/10.1007/s10368-013-0261-8

World Bank. (2023, 21 August). The world bank open data.
https://databank.worldbank.org/source/world-development-indicators

Yardimci, A. (2000). Dogrusal regresyonda degisken segimine Bayesci yaklasimlarin
karsilastiriimas: (Yayimlanmamis Doktora Tezi). Hacettepe University. Graduate School of
Naturel and Applied Science. Ankara.

Yurtgu, M. (2018). Parametrik olmayan Bayes ydntemiyle ortak degiskenlere gore yapilan test
esitlemelerinin karsilastirtimast (Yayimlanmamis Doktora Tezi). Hacettepe University.
Institute of Education Sciences. Ankara.

Zerey, G. (2018). Klasik ve Bayesci portfoy se¢im modellerinin Bist 30 iizerinde uygulanmast
(Yayimmlanmamis Doktora Tezi). Ondokuz Mayis University. Graduate School of Naturel and
Applied Science. Samsun.

Zhang, W. and Yang, J. (2015). Forecasting natural gas consumption in China by Bayesian model
averaging, Energy Reports, 1(c), 216-220. https://doi.org/10.1016/j.egyr.2015.11.001

Zhang, W., Zhang, T., Li, H. and Zhang, H. (2022). Dynamic spillover capacity of R&D and
digital investments in China’s manufacturing industry under long-term technological progress
based on the industry chain perspective. Technology in  Society, 71(c), 102129.
https://doi.org/10.1016/j.techsoc.2022.102129

446


https://doi.org/10.1177/0972150919873839
https://doi.org/10.1348/000711004849259
https://doi.org/10.1088/1757-899X/546/5/052078
https://doi.org/10.25204/iktisad.843070
https://doi.org/10.15838/esc.2020.1.67.4
https://doi.org/10.1016/j.techsoc.2014.10.006
https://doi.org/10.1007/s10368-013-0261-8
https://databank.worldbank.org/source/world-development-indicators
https://doi.org/10.1016/j.egyr.2015.11.001
https://doi.org/10.1016/j.techsoc.2022.102129

