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ABSTRACT

ESSAYS ON THE IMPACT OF KNOWLEDGE ON ECONOMIC GROWTH

UTKU ISMIHAN, Fatma Muazzez
Ph.D., Science and Technology Policy Studies
Supervisor: Prof. Dr. M. Teoman Pamukc¢u
March 2016, 209 pages

This Ph.D. thesis comprises of three essays on the role of knowledge on

economic growth.

The first essay aims to investigate the role of knowledge in the economic growth
and catch-up process of the OECD member countries during the 1995-2011
period, by utilizing panel data techniques. The empirical results suggest a positive
impact of knowledge indicators on the economic growth performances of OECD
countries and that there is convergence to the common long-run equilibrium in

OECD.

The second essay analyzes the impact of knowledge on the economic growth
performance of Turkey over the 1963-2010 period, by using a production
function approach and time series techniques. This essay also introduces a
knowledge index to measure various dimensions of knowledge all together. The
results indicate that the higher level of knowledge has a positive impact on the

growth rate of Turkish economy over the sample period.

The last essay analyzes the impact of knowledge on the productivity of
manufacturing firms in Turkey by using firm level panel data from 2003 to 2010
and production function approach. The essay attempts to take earlier studies one
step further by utilizing a more comprehensive dataset both in terms of scope and

time dimension. The findings indicate that the level of the technological

iv



capability of a firm influences both its ability to utilize R&D and knowledge

diffusion, to increase its productivity level.

Keywords: economic growth, catch-up, knowledge, productivity and

manufacturing sector.
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UTKU ISMIHAN, Fatma Muazzez
Ph.D., Bilim ve Teknoloji Politikas1 Calismalar
Danigsman: Prof. Dr. M. Teoman Pamukg¢u
Mart 2016, 209 sayfa

BILGININ EKONOMIK BUYUME UZERINE ETKISINE ILISKIN
MAKALELER

Bu Doktora Tezi bilginin ekonomik biiylime iizerindeki roliinii inceleyen ii¢

makaleden olugsmaktadir.

Ik makale, 1995-2011 doneminde, OECD iiyesi iilkelerde bilginin ekonomik
biiylime ve yakalama siirecindeki roliinii panel veri analizi kullanarak
arastirmaktadir. Ampirik sonuclar bilgi gostergelerinin  OECD iilkelerinin
ekonomik biiylime performanslarinin iizerinde olumlu etkisinin ve OECD’de

ortak bir uzun déonem dengeye dogru yakinsama oldugunu gostermektedir.

Ikinci makale, 1963-2010 doéneminde, bilginin Tiirkiye'nin ekonomik biiyiime
performansina etkisini iiretim fonksiyonu yaklagimi ve zaman serisi teknikleri
cercevesinde analiz etmektedir. Bu makale ayrica bilginin farkli boyutlarin1 bir
biitiin olarak 6l¢mek icin bilgi endeksi sunmaktadir. Sonuclar bilgi diizeyindeki
bir artisin, s6z konusu donemde, Tiirkiye ekonomisinin biiyiime oram {iizerinde

pozitif etkisinin oldugunu gostermektedir.

Son makale, Tiirkiye'de bilginin imalat firmalarimin verimliligi iizerindeki
etkisini, iiretim fonksiyonu yaklasimi ve firma diizeyinde 2003’den 2010’a kadar
panel veri kullanarak analiz etmektedir. Makale, daha once yapilan ¢alismalari
hem icerik hem de zaman boyutlariyla daha kapsamli bir veri seti kullanarak bir

adim ileriye gotiirmeyi hedeflemektedir. Bulgular, bir firmanin teknik kapasite
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diizeyinin bu firmanin hem Ar-Ge hem de bilgi yayilimindan faydalanabilme

yetenegini ve dolayisiyla verimlilik diizeyini belirledigini gostermektedir.

Anahtar kelimeler: ekonomik biiyiime, yakinsama, bilgi, verimlilik ve imalat

sanayi.
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CHAPTER 1

INTRODUCTION

Never before in the history of mankind has the world changed as rapidly as it
has changed during the last few decades. The global economy is moving
towards a "knowledge economy",' shaped by various dimensions or pillars of
knowledge, such as human capital, research and development, information and
communication technologies and international trade. These pillars of
knowledge, in turn, have potential to improve the level of productivities as well

as accumulation of “inputs”2

of countries and hence their growth performance.
However, the analysis of the impact of knowledge on productivity is not
restricted to the overall (macro) economy since the firms are the main (micro)
units that engage in research and development activities by employing human
capital. Therefore, it is crucially important to analyze the various channels of
knowledge on productivity (growth) and catch-up process at various (macro
and micro) levels. Consequently, one of the central and intensively researched
topics in economics, especially during the last three decades, has been the
investigation of the role of various dimensions of knowledge on the economic

growth performances and catch-up efforts —generally via productivity and

capital accumulation— of countries and firms.

The main aim of this Ph.D. thesis is to investigate the impact of knowledge
pillars on economic growth both at macro and micro level, since together they
would provide a complementary analysis and hence more insight to the growth

dynamics and catch-up process. Accordingly, this thesis comprises of three self

" Drucker (1969) was first to use the term “knowledge economy”.

% As will be explained in more detail in Chapter 2, we may consider both human capital and
research and development as additional inputs along with the physical capital.

1



contained essays and each one attempts to contribute new insights to the impact

of knowledge on economic growth at macro or micro level.

Chapter 2 introduces the first essay that examines the impact of knowledge on
the economic growth performances as well as catch-up efforts of the OECD
member countries for the 1995-2011 period. The second essay provided in
Chapter 3, examines the impact of knowledge indicators on the economic
growth performance of Turkey during the 1960-2010 period. Chapter 4
introduces the last essay which investigates the impact of firms own R&D
together with knowledge diffusion variables on the productivity levels of the

firms in the Turkish manufacturing sector, during the 2003-2010 period.

The remainder of this chapter provides a review of each essay and the main

research questions that have been investigated therein.

1.1. Essay 1: Knowledge, Technological Catch-up and Economic Growth:
A Panel Data Analysis for OECD Countries

Some economists, led by Nobel Laureate Robert M. Solow, believed that the
technological improvements were freely available to poor countries and that
they would eventually converge to income levels of the rich countries. Later,
Gerschenkron (1962) and the other “technology-gap” theorists, tried to find out
the reasons behind the differences in the income levels across countries and
concluded that the fechnological differences were the prime cause of the
differences between the income levels of countries and argued that the follower
countries’ were trying to “catch-up” the leading country (in terms of
technology) so as to achieve higher growth rates. However, as argued by the
technology-gap theorists, by time the follower countries established the
necessary infrastructure for the production of the technology, the leading
countries with their more advanced research and development (R&D)

structures moved forward to new technological frontiers. So, with the

? Lagging and following (follower) countries will be used interchangeably throughout the
thesis.



exception of a few countries, in general rather than converging, the economic

growth gap between the rich and poor countries in the world has increased.

Nelson and Phelps (1966) have formalized Gerschenkrons’ (1962) catch up
model. They introduced education as the main and the only determinant of the
ability to use new technology. Later, Benhabib and Spiegel (1994), in line with
the spirit of the new growth theories augmented the Nelson and Phelps’
approach by emphasizing the endogenous nature of technological progress.
They introduced education as the main and the only determinant of the ability
of the follower country to use the technology from the leading country and the
rate at which the technological gap between the leader and follower countries
would close. That is, human capital has dual role on the technological
capabilities of countries. First, it enhances the domestic capability of
technological innovation and secondly, it enables the adaptation and
implementation of imported technology. Thus, the level of education

determines the total productivity of the following countries.

Following the spirit of Gerschenkron (1962) and Benhabib and Spiegel (1994),
in this essay our primary concern was to find out whether or not knowledge
had impact on the long run growth performance and catch-up efforts of
countries, that is, our research question, initially, was: “What are the roles of

knowledge variables in the catch-up efforts of the follower countries in

OECD?Y”

In the first part of the essay we derive an augmented framework by using
Benhabib and Spiegels’ (1994) model to study the catch-up process. In this
model, our departure from Benhabib and Spiegel’s (1994) is that we use R&D,
trade and ICT (different channels of knowledge), in addition to human capital,
to understand how knowledge contributes to the catch-up efforts of follower
countries. Secondly, following Griliches (1980) we also calculated R&D stock
based on the perpetual inventory method, rather than using share of R&D
expenditure in GDP as a proxy, since the level of knowledge (due to R&D) is a
function of past and present levels of R&D spending. Then a multi-country

analysis for Organisation for Economic Co-operation and Development
3



(OECD) countries using panel data from 1995 to 2011 was carried out to
examine the diffusion of technology between these countries. More
specifically, our research questions are: “What determines the potential of
lagging countries to catch-up the leading countries in OECD?” and “How does
initial country conditions shape the adaptive and innovative capacity of

following countries in OECD?”

The empirical results were totally disappointing. Majority of the results of our
panel data estimation with traditional methods were either theoretically
inconsistent or statistically insignificant. Then we tried to understand why we
ended up obtaining such controversial results to our a priori theoretical and

empirical expectations.

Later, we found that there were serious limitations with the specification used
by Benhabib and Spiegel (1994) who were following Nelson and Phelps’
specification. Nelson and Phelps emphasize the role of human capital in
adaptation/using new technology and hence improving total factor
productivity. Thus, human capital enters the model via total factor productivity.
Since our model was an augmented version of Benhabib and Spiegel, just like
them in our specification we followed Nelson and Phelps and the knowledge
indicators (including human capital and R&D stock) entered into the model

through total factor productivity.

On the other hand, as introduced by Lucas (1988), when human capital enters
the model as an additional input it captures the role of human capital
accumulation in the growth process. Thus, in the second part of our essay,
following Lucas (1988), we developed a new model where we introduced
human capital as an additional input together with capital stock and also
included the other critical knowledge variables as a shift factor in the
production function (as suggested by Griliches (1979) and Eberhardt et al.
(2013)). We named this new production function as the augmented knowledge

production function.



In this part, rather than using static panel data analysis employed by Benhabib
and Spiegel (1994), we utilized dynamic panel data techniques. This new
framework provided us the possibility of observing long-run information in the
data by focusing on the equilibrium relations. This was not possible with the
previous analysis based on Benhabib and Spiegel approach which focused on
the differenced form of production function which looses the valuable long run
information. Following Peseran et al. (1999) we used pooled mean group
(PMG) estimation method where only the long run coefficients are same across

countries and the short run coefficients vary.

The results of the PMG estimation of our new production function were both
theoretically and statistically significant. That is, our analysis of 34 OECD
countries for 1995-2011 period, indicates that knowledge variables as a whole
have positive impact on the economic growth performances of OECD countries
and the lagging OECD members seem to be converging to the common long-

run equilibrium represented by the augmented knowledge production function.

The main finding of this essay was that, as our study evolved, to our surprise
we found serious weakness regarding the Benhabib and Spiegel’s (1994) model
and empirical approach used in this area. As we deepened our investigation we
ended up developing a new model and a different empirical approach (PMG).
Thus the contribution of this essay is that not only does it provide us with two
augmented theoretical models (with two distinct econometric analysis) it also

shows us that some of the seminal studies might have serious weaknesses.

1.2. Essay 2: The Role of Knowledge on Economic Growth: The Case of
Turkey, 1963-2010

In Essay 2, presented in Chapter 3, the impact of knowledge on the economic
growth performance of Turkey over the 1963-2010 period is analyzed by using
a production function approach and time series techniques. Basically in this
essay we wanted to find out: “What are the contributions of the knowledge

variables on the economic growth performance of Turkey?”



The contribution of this essay is twofold. First, to our knowledge, earlier
studies on the economic growth performance of Turkey, in general, have
focused on a single or specific dimension of knowledge, especially on R&D.
For example, Kar and Agir (2004), Ozsoy (2009) and Simsek and Kadilar
(2010) have only analyzed different aspects of R&D. Thus, the first
contribution of this essay is that it investigates the role of the four dimensions
(indicators) of knowledge on economic growth performance of Turkey together
for the first time. In doing so, first we attempt to develop an augmented
production function model by considering the seminal studies on different
strands of endogenous growth models that have focused on various dimensions
of knowledge that we are interested in, for example, the human capital4, R&D’

and trade®.

The second contribution of the essay is a knowledge index; constructed to see
the impact of various dimensions of knowledge with a single and
comprehensive measure of the “level” of knowledge in the economy. The
construction of a knowledge index not only provides us with a single and
comprehensive measure on the “level” of knowledge in the economy, but it
also prevents the potential problem of multicollinearity between the knowledge

variables.

The empirical results obtained from the time series analysis indicated that
higher level of knowledge had a positive and statistically significant impact on
the growth rate of Turkish economy over the sample period. Our results seem
to be robust to several sensitivity analysis with respect to the role of knowledge

indicators and structural changes.

* See for example, Romer (1986) and Lucas (1988).
5 See for example, Grossman and Helpman (1994), and Aghion and Howitt (1992).
% See for example, Grossman and Helpman (1989 and 1991).
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1.3. Essay 3: Impact of Knowledge on the Productivity Level of Firms: A

Microeconomic Analysis of the Turkish Manufacturing Sector

In Essay 3 (Chapter 4), the impact of knowledge on the productivity of
manufacturing firms in Turkey was analyzed by using firm level panel data
from 2003 to 2010 and system generalized method of moment (GMM)
analysis. The main research question in this essay is: “What are the impacts of
R&D and knowledge spillover variables and knowledge variables on the
growth performance of the manufacturing firms in Turkey over the 2003-2010

period?”

Majority of the firm level studies have focused on factors that contribute to the
growth levels of productivity because it simply determines the future existence
of firms. The factors that contribute to productivity are either firm specific
(size, human capital, R&D investment etc.) or external (industry specific
characteristics such as labor mobility and institutional background) or both. For
example, Griliches (1992, 1994) points human capital, economies of scale and

industry specific factors as the main determinants of firm level productivity.

In terms of catch-up, the arguments are similar to the ones in the first essay.
One argument emphasized in the literature is that the diffusion of new
knowledge from leading firms to follower firms will eventually result in a
convergence of the growth rates of firms.” For example, Finlay (1978) in his
study has found that the higher the technological distance of follower firms
from leader firms the faster the improvement will be in their R&D because
there is so much (gap) to catch—up.8 On the other hand, researchers (such as
Cohen and Levinthal (1990)) argue that firms that are more similar to the
leader, both in terms of technological knowledge and skills, will engage in
similar R&D activities and will reach to the productivity level of the leader

much faster than the other (backward) followers. That is, both the degree of

" We can consider this argument as the micro level interpretation of the neo-classical model
(i.e. Solow (1956)) that we have mentioned in Essay 1.

§ Findlay (1978) considers the domestic firms as the follower firms and the foreign firms as the
leader firms. In our study we will not make such distinction.
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heterogeneity and the direction between the leader and the follower determines

whether the follower firms will catch-up the leader firm(s).

As in the case of Essay 2, with the exception of few studies, most of the studies
on knowledge variables at firm level in Turkey have mainly focused only on
different aspects of R&D activities.” Without any doubt these studies have
provided very useful insights and valuable information in their focused area of

investigation.

A very recent and thorough study by Ulkii and Pamukgu (2015) has
investigated the impact of R&D and knowledge diffusion channels on the
productivity of the manufacturing firms in Turkey during the 2003-2007
period, using the Industry and Service Statistics database of the Turkish
Statistical Institute (TurkStat). The results of this study indicate that an increase
in R&D intensity leads to increase in the productivity levels of firms that have
the threshold level of technological capability. Since this study, to our
knowledge, is the most comprehensive study on the role of knowledge
variables on the productivity of manufacturing firms in Turkey initially we
attempted to elaborate this study with a more enhanced data set in terms of
scope and time dimension. More specifically, Ulkii and Pamukcu (2015) have
utilized only the Industry and Service Statistics Database in their study
especially for the R&D and the foreign trade data, we will take this study
further with a unique database that we will establish by combining three
different datasets of TurkStat, i.e. the Industry and Service Statistics database,
the Foreign Trade database and the R&D database. Apart from being the first
data set formed by combining three different datasets another important feature
of this data set is that the R&D data is collected according to the Frascati

110

Manual. ™ Due to the availability of longer time period we were also able to

? See for example Lenger and Taymaz (2005), Ozcelik and Taymaz ( 2008), Taymaz and
Ucdogruk (2009) and Pamukcu and Erdil (2011).

' The Frascati Manual defines R&D as “creative work undertaken on a systematic basis in
order to increase the stock of knowledge of man and society, and the use of this stock in order
to devise new applications” (OECD, 1993:29).



extend the time period to 2010; thus, another contribution of our dataset is that

it contains data for a longer period of time, i.e. 2003-2010.

Therefore, in the last essay we will investigate “the role of R&D and
knowledge diffusion channels on the productivity of the manufacturing firms
and impact of absorptive capacity of productivity by using extended dataset
from 2003 to 2010”.

The empirical results of the essay supports the findings of Ulkii and Pamukgu
(2015) with regards the importance of physical capital stock, in-house R&D
stock, the level of market concentration, trade, technological capability and
foreign ownership as the determinants of R&D activities of the manufacturing
firms in Turkey. Our results also point technological capability as an important
determinant of the firm's ability to use the available R&D in the industry. The
most important divergence between our estimation results and Ulkii and
Pamukcu’s (2015) estimation result is that in our results R&D spillovers and
R&D spillovers from foreign firms have no significant impact on productivity
at all three (minimum, mean and maximum) levels of technological capability
in both full and domestic samples. This result reflects that there is serious
problem with regards R&D investment in the Turkish manufacturing sector. As
mentioned previously the time dimension of our dataset is extended to 2010.
Our results may be interpreted as the adverse effects of global financial crisis
and increasing international competition on the R&D investment efforts of
firms in the Turkish manufacturing sector. That is, due to the crisis the role of
these factors have decreased in the Turkish manufacturing sector over the

extended period (2008-2010).

In sum, despite addressing three distinct topics each of the three essays aim to
shed new light on the impact of knowledge on growth —via productivity and/or
capital accumulation- at macro and micro level. In particular, they examine the
role of key knowledge pillars (human capital, R&D, international trade and
ICTs) on the catch-up efforts of lagging OECD countries (Essay 1); on the
overall economic growth performance of Turkey (Essay 2); and on the

productivity of firms in the manufacturing sector in Turkey (Essay 3).
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CHAPTER 2

KNOWLEDGE, TECHNOLOGICAL CATCH-UP AND ECONOMIC
GROWTH: A PANEL DATA ANALYSIS

The neoclassical economists led by Robert Solow believed that the
technological improvements were freely available to poor countries and their
economies would eventually converge to the income levels of the rich
countries (Solow, 1956). However rather than converging the gap between the
rich and poor countries persistently increased. Gerschenkron (1962) indicated
that the frechnological differences were the prime cause of the persistent

differences between the per capita income levels of countries.

Later, studies based on endogenous (new) growth models, emphasized the
importance of knowledge diffusion channels, such as R&D, human capital and
ICTs, in improving the technological capabilities of countries. It is pointed out
that among these knowledge diffusion channels, especially, human capital and

R&D play a critical role in enhancing technological capabilities.11

In their study Nelson and Phelps (1966) have formalized Gerschenkrons’
(1962) catch up model and introduced education (human capital) as the main
and the only determinant of the ability of the follower country to use the
technology produced by the leading country and the rate at which the
technological gap between the leader and follower country would close.
Benhabib and Spiegel (1994), in line with the spirit of the new growth theories,
augmented the Nelson and Phelps’ approach by emphasizing the endogenous
nature of technological progress. That is, they assumed that an increase in

human capital directly increases the level of growth in total factor productivity.

"!"See seminal studies by Lucas (1988), Romer (1986), Romer (1990), Grossman and Helpman
(1994) and Aghion and Howitt (1992) for more detail.
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While Benhabib and Spiegel (1994) and Nelson and Phelps (1966) modeled the
role of human capital in economic growth through total factor productivity
(Nelson and Phelps Approach), seminal empirical studies such as Bosworth
and Collins (2003), Inklaar and Timmer (2013) and Senhadji (2000)
emphasized that it is important to consider human capital as an additional input

along with capital in the production function (Lucas Approach).

Therefore, in this chapter, firstly we develop an augmented framework by
using Benhabib and Spiegel’s (1994) model to study the catch-up process. Our
point of departure from Benhabib and Spiegel’s (1994) is that we use other
channels of knowledge (R&D, trade and ICT), in addition to human capital, to
understand the catch-up efforts of countries. Moreover, following Griliches
(1980) we also calculated R&D stock based on the perpetual inventory method
since the level of knowledge (due to R&D) is a function of past and present
levels of R&D spending. Then a multi-country analysis for Organisation for
Economic Co-operation and Development (OECD) countries using panel data
from 1995 to 2011 is carried out to see the diffusion of technology between
these countries.'” That is, we will investigate the potential of lagging countries
to catch-up the leading country and to see how initial country conditions

shaped the adaptive and innovative capacity of following countries.

Secondly, since our main concern is to see the impact of knowledge on the
long run growth performance of OECD countries, we also perform a dynamic
panel data analysis by using ARDL approach of Peseran et al. (1999).
Following Bosworth and Collins (2003) among others we utilize a production
function with a skill adjusted labor input [human capital]. Additionally, in line
with Griliches (1979) and Eberhardt et al. (2013), we include the other critical
knowledge variables as a shift factor in the production function without

affecting the returns to inputs. Once again we conduct a multi-country analysis

12 Initially, we attempted to include all countries in our sample. However, we faced serious data
problems, especially for developing and less developed countries. Thus, the main reason for
selecting OECD member countries is mainly related to the availability of relatively more
dependable, concise and comparable data for knowledge indicators.
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on OECD countries, using pooled mean group (PMG) estimation method of

Peseran et al. (1999), from 1995 to 2011.

The following section presents a brief overview of the economic developments
of the OECD countries during the 1995-2011 period, the next section reviews
the theoretical and empirical studies and is followed by Section 2.3 which
introduces our technological catch-up model. Section 2.4 presents information
regarding the data and the empirical results. Section 2.5 provides an augmented
knowledge production function and the results of our dynamic data analysis.

Finally, the concluding remarks are provided in Section 2.6.

2.1. An Overview of the OECD Economy during the 1995-2011 Period

OECD was established on 14 December 1960 by 20 countries which signed the
convention on the Organisation for Economic Co-operation and Development.
The aim of OECD is to promote policies aiming economic and social well

being in the world. Since its establishment 14 countries have joined the

OECD."

Majority of the OECD members are high income countries that are the leading
actors in the global economy. This can be also observed from Figure 2.1 which
presents the time plot of the growth rate of OECD countries for 1995-2011

period.

During the early years of the new millennium there has been serious decline in
the economic activity of the high income countries (mainly due to 9/11),
especially the European Union members and the USA. However, as can be
seen from Figure 2.1 the major crisis during the 1995-2011 period occurred in
2008-2009. The global financial crisis of 2008-2009 was triggered by the
mortgage crisis in the USA. The annual GDP growth rate in OECD dropped
severely from an average of around 3% during 1995-2007 period to -4%

1 Appendix 2.A provides the list of OECD member countries.
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(2009). However a year later from the crisis (2010) the annual GDP growth

rate once again reached to 2%.

GDP Growth

N

<
v

T T T T
1995 2000 2005 2010
Year

Figure 2.1. Growth Rate in OECD (% Change in Real GDP)"

The improvements in transportation and communication technologies (as well
as decrease in their costs) along with special agreements among some countries
(such as increasing regional economic integrations, free trade agreements and
so on) that shaped the current global structure have all contributed to the
increase in the volume of trade in the world and even more so for OECD
countries. As can be seen from Figure 2.2 the share of trade (export plus
import) in GDP has increased from 73% (1995) to approximately 100% (2011)
during the 1995-2011 period albeit temporary falls during the turbulent times.

" Source: Computed by using WDI data.
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Figure 2.2. OECD Trade (% of GDP)"”

Research and development (R&D) is considered to be one of the key
determinants of economic growth. In order to increase their competitiveness,
all countries including the high income and middle high income countries are
increasing their expenditures on R&D. Figure 2.3 provides the share of R&D
expenditure in GDP for OECD. The R&D expenditure to GDP ratio in OECD
has increased from 1.5% (1995) to 2.06% (2011) (see Figure 2.3). However,
the R&D expenditure to GDP ratio in OECD countries is between 1% and 4%.
For instance, Israel with average R&D to GDP ratio of approximately 4%
during the 1996-2011 period is the leading country followed by Sweden,
Finland and South Korea with a R&D to GDP ratio above 3.5%.

"% Source: Computed by using WDI data.
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Figure 2.3. R&D Expenditure (% of GDP) in OECD'®

When we analyze the human capital we see that the index of human capital per

person'” has been steadily increasing in OECD (see Figure 2.4).

The improvements in the information and communication technologies (ICTs)
during the late 20™ and 21* century have changed and shaped the current world
structure. Communication and information are the essentials of daily life in the
current century. Never in the history of mankind has there been so much
information available to everyone in the world, at virtually zero cost, once the

necessary infrastructure to use ICTs has been built.

' Source: Computed by using WDI data.

'7 The index of human capital per person is usually measured by using the Mincerian approach;
in which human capital is calculated as a function of average years of schooling and returns to
education. Following the literature in PWT 8, data on average years of schooling (Barro and
Lee, 2012) and returns to education (Psacharopoulos, 1994) has been combined within a
Mincerian approach to calculate the index of human capital per person (Inklair and Timmer,
2013:37).
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Figure 2.4. Human Capital in OECD"

The internet technology, initially developed for military communication,
started to be used widely during the late 1990s. The speed of increase in the
internet users has been quite significant during the last 15 years. As can be
seen from Figure 2.5 the internet users in OECD have increased from 2.9 per
100 persons (1995) to 75.5 per 100 persons (2011). Usage of internet is

fundamentally high in OECD countries compared to the rest of the world."”

In the following section we provide an overview of the theoretical and

empirical literature.

' Source: Computed by using PWT data [see Section 2.4.2].

' For example, the internet users in the world have increased from 0.04 per 100 persons (1995)
to 32 per 100 persons (2011).
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Figure 2.5. Internet Users (Per 100 People) in OECD*

2.2. An Overview of Literature

The most important prediction of the neoclassical (Solow) growth model is the
convergence hypothesis. According to this hypothesis, in the long run, due to
their higher growth rate (as expected from the diminishing returns assumption)
poor countries would eventually converge to the per capita income levels of the
rich countries. However, in reality with the exception of few countries,
especially the East Asian countries, the opposite happened and the income gap
between the poor and rich widened. Gerschenkron (1962) was one of the first
economists who drew attention to the difficulty for follower countries to catch
up with the leading countries. He underlined the institutional resistance to
change and the high cost of factors of production, especially human capital

which he refers to as the creation of industrial labor force which is ... a most

0 Source: Computed by using WDI data.

17



difficult and protracted process...” (Gerschenkron, 1962:9). Thus in reality,
by the time the follower countries transfer and use the existing technology, the
leader country moves forward to a new technological frontiers (Forbes and
Wield, 2000). Thus, the ‘“technology-gap” theorists, led by Gerschenkron
(1962), saw “technological differences as the prime cause for differences in
GDP per capita across countries” (Fagerberg, 1994:1155). Additionally they
pointed out that technology is not freely available to everyone and this is the

major obstacle in the catch-up performances of countries.

Nelson and Phelps (1966) in their study emphasized that education (i.e. human
capital) determines the ability of the follower country to adapt technology
received from the leading country. Thus human capital determines the rate at
which the technological gap between the leader and follower country would

close.

The basic idea behind the Nelson and Phelps (1966) catch-up model is that the
tacit (disembodied) knowledge flow from the leader to the follower and the
followers’ ability (i.e. education level) to acquire this knowledge determines
the speed of the catch-up. That is, human capital accumulation (or education)

enhances both the ability of a country to adapt frontier technologies.*'

i:c(h) -4
4 4 @.1)

where A is the total factor productivity, A/A denotes the growth rate of A, h is the

human capital and T, is the theoretical level of technology.”

*That is, human capital as a factor of production (Lucas Approach) is not sufficient enough for
catch-up (see Lucas (1988)); it is the ability of the human capital to develop and to implement
the transferred knowledge that determines the speed of catch-up (Nelson and Phelps
Approach). See Section 2.4.3 for more discussion.

** Nelson and Phelps (1966) define theoretical level of technology as “the best practice level of
technology that would prevail if technological diffusion ... [is realized and] ... is a measure
of the stock of knowledge or body of techniques available to innovators” (Nelson and Phelps,
1966:71).
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Equation (2.1) indicates that the speed of convergence (i.e. the rate of closing
the technological gap) depends on the level of human capital. That is, in the
short run, the level of human capital determines the rate that theoretical
knowledge will accumulate to catch-up with the edge technology, i.e. dc/0h>0.
Thus the main contribution of Nelson and Phelps (1966) is that education is not
inserted directly into the production function since it “may constitute a gross
misspecification of the relation between education and the dynamics of
production” (Nelson and Phelps, 1966:75). However, in line with Solow’s
model, theoretical knowledge is assumed to grow at a constant (exogenous)
rate. This means that the growth rate of Solow’s residual (A / A ) reaches to

that of the theoretical knowledge level in the long-run.

Later, in line with the spirit of the endogenous growth theories, Benhabib and
Spiegel (1994) augmented the Nelson and Phelps’ approach by emphasizing
the endogenous nature of technological progress. They endogenize the
productivity by introducing “law of motion for productivity” where the change
in productivity is a function of human capital and the technology gap.23
Benhabib and Spiegel (1994) also introduce a catch-up term which is created
by interacting human capital with the technology gap. In line with Nelson and
Phelps Model, in this set up there is a leading country and the followers are
trying to catch-up its level of technology. The followers’ growth rate of total

factor productivity (Solow residual) is as follows;*

A_ m.aXAjt _A't
—t=g(h)+ch) |————
A A,

2.2)

2 Technology gap is the country’s distance to the technological frontier.
?* They utilize the following production function Y, = A,.t K ita Li[ﬂ .
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where Ay, is the total factor productivity of the follower at time t, A;, is the total factor
productivity of the leader at time t, g(y;) is the “endogenous” growth rate and h; is the

followers level of human capital.

In Equation (2.2) the change in productivity depends on the stock of human
capital. In this specification the level of education has two roles on the
technological capabilities of a country. First it enhances the domestic capability
of technological innovation and secondly it enables the adaptation and
implementation of imported technology. Thus, the level of education

determines the total productivity of the following countries.

The last term gives us the technology gap, country i’s (follower country)
technology gap is the difference between the country j’s (leader country)
productivity and the productivity of country i, divided by the follower’s

productivity.

Initially, the leading country is the one that has the highest TFP. However, if
there is another country with a higher level of education, lets’ say Country B,
then eventually Country B will become the leader, until it has lost its

educational advantage to another country.

It is also assumed that in the long-run all countries grow at the same rate as
they try to catch-up with the leading country that has the highest level of
human capital. In general the countries with lower level of Solow residual have
growth rates that are higher than the leader due to the catch-up effect.
However, the ones which are close to the leader, in terms of both technology
and educational level, have lower growth rates and hence the catch-up effect

might become insignificant.

Benhabib and Spiegel (1994) used cross-country estimates of physical and
human capital stocks of 60 countries between 1965 to 1985 period. First they
found that human capital entered insignificantly in explaining per capita
growth rates. Then they have specified an alternative model where the growth

rate of total factor productivity is dependent on a nation’s human capital stock
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level and found a positive result. As mentioned above by adapting the Nelson
and Phelps (1966) framework they also analyzed the diffusion of technology
between countries. They have found that countries with higher education level
catch the leading country much faster than the ones that had relatively lower

educational attainment.

In a more recent paper Benhabib and Spiegel (2000) specified a panel data
version of the model set out in Equation (2.2). They consider Cobb-Douglas

form

it it it it it (2.3)

and specified the following structural (catch-up) equation for the TFP.

hit(ynaxt _yit)

Aa, =c+gh +m +@1+0i (2.4)

it

where a; is the total factor productivity of the follower (a;=In(A;), A is the difference
operator, Aa;= ay - 2.1, Ymax 18 the total factor productivity of the leader (proxied by
per capita income), g(h;) is the “endogenous” growth rate, t and i are the time and

country specific fixed effects.

As can be seen the catch-up term is the interaction of human capital with the
technology gap defined as the real per capita GDP of the follower country
relative to the leader. In this specification when the per capita GDP of a
follower country equals the per capita GDP of the leader, the gap is zero. That
is, the leading country -via the catch-up effect- drags the other countries along
and in general the countries that are closer to the leader have lower growth

rates compared to the countries that lag behind due to the catch-up effect.

* See, for example, Benhabib and Spiegel (2000) and Engelbrecht (2001) for further details.
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Finally, it should be noted that the full model of growth is obtained by

combining the log difference of Cobb-Douglas function with Equation 2.4.

The following section introduces our augmented model of technological catch-

up.

2.3. The Augmented Models of Technological Catch-up
2.3.1. The Missing Channels in the Literature

According to Nelson and Phelps’ approach (including Benhabib and Spiegel’s
contribution) the level of education alone —more broadly, human capital—
determines the gap between the leader and the follower countries, and hence
the speed of technological catch-up. Even though the potential of the catch-up
growth rates of the followers that are way behind the technological frontier are
higher than the ones that are straight behind the leader, some of them may not
fulfill this potential due to the absence of other channels of knowledge that
facilitate the diffusion of technology. There are number of well known
channels (or pillars) of knowledge that helps countries to speed up their
technological catch-up and hence economic growth. For example, the
economic structure (e.g. openness to foreign trade) of the economy (O),
education (h), country’s level of R&D stock (R) and country’s information and

communication infrastructure (I).26

Thus, in addition to (as well as interacting with) human capital, the diffusion of
technology is affected by trade, ICTs and domestic R&D efforts. Now, we will
provide a brief review of the related literature on these channels starting with

the human capital.

Human capital channel. Based on our theoretical intuition and the empirical

results in the literature we expect human capital to have positive impact on the

% See Chen and Dahlman (2004) for more detail.
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growth rate of the country.27 For example, Cohen and Soto (2001) on their
analysis 95 countries for 1960-2000 period found that education had a positive
effect on economic growth. However, as noted by Kruger and Lindahl (2001),
model specification and the measurement of human capital are highly
important for assessing the role of human capital on economic growth with

macro data.

R&D channel. R&D is both an important determinant of innovation and
promoter of technology transfer by raising the absorptive capacity.28 There
seems to be ambiguity with regards the impact of R&D on TFP. While some
economists have found that R&D had significant positive impact on TFP and
thus on growth performances of the economies (see for example, Coe and
Helpman (1995)) some economists have found significant negative impact on
TFP due to the uncertainty and ambiguity that R&D entails due to its nature

(see for example, Cozzi and Giordani (201 1)).29

Trade channel (Openness to Foreign Trade). Trade increases the innovation
capability of a country through the transfer of embodied technology with the
imported capital goods and ideas (patents and licenses) or feedbacks from
exported goods.”® Moreover, by importing technologically intensive products
the follower countries can increase quality of their products and their
production efficiency. Thus, as argued by Coe et al. (1997) if trade involves
positive externalities such as embodied knowledge then it would have positive
impact. However, the impact of openness on economic growth depends

significantly on the absorptive capacity of the country. For example, Fagerberg

Y For example, Benhabib and Spiegel (1994, 2000 and 2004), Cohen and Soto (2001), Collins
et al. (1996) and so on find that education has positive effect on economic growth.

28 See, for example, Griliches and Lichtenberg (1984), Griliches (1992) and Aghion and Howitt
(1992) on R&D as the determinant of innovation and Geroski (2000) and Griffith et al. (2000)
for R&D and absorptive capacity.

»See Welch (1975), Bartel and Lichtenberg (1987), Coe and Helpman (1995), Caselli and
Coleman (2001), Caselli and Wilson (2004), Xu (2000) and Benhabib and Spiegel (2005) for
more detail.

% Coe and Helpman (1995) have found that this had a positive impact on domestic
productivity.

23



and Srholec (2008) in their analysis for 115 countries during 1992 -2004 period
found that the trade (or “openness”) is influenced by the absorptive capacity of
the country. That is, the absorptive capacity of the country determines the
impact of trade on economic growth.” So, interactive effect of trade via catch-

up efforts of the country on growth is an important issue.”

ICT channel. ICTs on the other hand provide a channel for fast and effective
flow of technological knowledge which also has a positive impact on the
domestic productivi‘[y.33 The impact of ICTs on productivity has been through
various channels. For example, the continuously decreasing computer and
software prices has led to the incentive of replacing other capital goods with
them and this in turn contributed to higher total factor productivity growth. The
computerization along with the developments in other ICTs, such as internet,
made it much easier to acquire information from suppliers and/or customers to
develop new products or processes. Some country specific studies have found
that ICT usage had an important impact on TFP (see for example Jorgenson
and Stiroh (2000)). Moreover, OECD (2012) in a recent report considers ICT
to be a general purpose technology that changed the world drastically. This can

be attributed to ICTs both direct and indirect affect on growth and productivity.

Based on theory it is expected that all ICTs would boosts knowledge creation
and have positive impact on TFP and thus economic growth of countries.*

However, there seems to be ambiguity in terms of empirical studies. For

*! Fagerberg and Srholec (2008) use trade and foreign direct investments to proxy for openness
of an economy and find that “...openness to imports and foreign direct investment seems to
matter more for the richer economies ... poor countries due to lack of absorptive capacity are
much less likely than other countries to benefit from foreign direct investments ... [a]lthough a
positive correlation between openness and growth is reported ... [it is] sensitive to changes in
the composition of the sample...it is among the richer economies that openness to trade and
foreign direct investment seems to matter most for growth (Fagerberg and Srholec, 2008:
1422-1427)".

32 See section 2.3.3 for detail.

 For example, the ICTs provide the opportunity of an efficient, continuous and permanent
connection to the global markets, which increases the flow of information into the economy.
This newly acquired information, in turn, contributes to productivity increase.

3* See, for example Aghion and Howitt (1998) and Barro and Sala-i-Martin (2003).
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example, OECD (2012) in a study on the impact of internet in OECD countries
has found that the impact of internet on the per capita income growth across the
countries varied among countries, while there was positive impact in US, this
did not hold for all the other OECD members (even in some of the European
countries). In terms of the less developed countries since there is limited access
for the capital required to build the internet infrastructure and impact of ICT
does not seem to be significant.35 On the other hand, Choi and Yi (2009) in
their study for 162 countries during 1991-2000 period found that the internet to
have a positive and significant role in economic growth. Thus, taking into
consideration the evidence provided by the empirical research just like in the

case of openness we do not have a priori expectations with regards ICT.

Comin and Hobijn (2004) investigated the evolution of 25 technologies in 23
countries during a span of 200 years. They found that most new technologies
originated in rich countries and the following countries were slow to adopt
these new technologies. Comin and Hobijn (2004) found that the speed of
adoption is positively related to per capita GDP, human capital, and openness

to trade, and is also related to the type of government.

In the light of these arguments, the Nelson and Phelps’ framework and
Benhabib and Spiegel (2000) framework needs to be augmented by
incorporating these additional channels that can help technological diffusion

and catch-up. We will attempt to do this in the following sub-section.

2.3.2. Knowledge and Technological Catch-up: The Augmented Approach

In the Benhabib and Spiegel (1994) framework (Equation 2.2) the technology
gap is a function of human capital (h;). They emphasize the role of human
capital for the growth process of countries through its impact on productivity

growth. That is, the potential for catching up of countries, with a technology

 See, Kenny (2003) for more detail. Also several other studies have negative impact of ICT
on economic growth especially for the developing countries (Dewan and Kraemer (2001) and
Satti and Nour (2003)).
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gap, depends on the country’s absorptive capacity which is proxied by human

capital.

In our model, starting with a production function as in Benhabib and Spiegel
(1994) framework, different channels of knowledge are used to determine the
speed to catch-up the leading country. That is for (follower) country i the

growth rate of total factor productivity will be as follows:

:::_g;=f(h, R, 0. D+h| f()(max A;(1) = A M)/ A(0)] =

where h is the human capital, R is research and development, O is trade, I is
information and communication technologies and other variables are as defined

earlier.

There are several important points regarding this set-up. First, the level of
knowledge represents the overall ability of a country to use and imitate
available technologies and, more importantly, the ability to innovate new
technologies. In other words, knowledge has two effects on total factor
productivity. It helps both to use and improve imported technologies

[f (h, R, O, I) (max Aj(t)—Ai(t))/Ai(t))] and it is the basis for the ability to

innovate new technology.

Secondly, in this framework “broad level” of knowledge —via four different
channels— rather than human capital alone (as in Benhabib and Spiegel’s

framework) determines the speed of catch-up and the diffusion of technology.
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2.3.3. Structural Specification

This section provides structural specification for Equation (2.5).

In line with Benhabib and Spiegel (2000) first we consider the following Cobb-

Douglas production function,

Y, = Av‘zKizé’lLizé’2

(2.6)

where A is TFP,Y is output, K is capital and L is labor of country i at time t.

Following Benhabib and Spiegel (2000) we imposed constant returns to scale

(6, +06,=1) equation (2.6) can be rewritten in per capita log linear form as

follows,

Y =a,; + 0k, @2.7)

where y=In(Y/L), a=InA and k=In(K/L).*

After taking the first difference it can be rewritten as follows in per worker

growth form,

Ayit :Aazt +01Akit (2.8)

3 For the sake of simplicity we use the terms “per worker” and “per capita” interchangeably
throughout this thesis.
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where Ax is the growth rate of X (i.e. log difference of X) and all other variables are

as defined earlier.

As is clear from Equation (2.8) the growth rate of output is related to the
growth rates of total factor productivity (A) and physical capital (K). Total

factor productivity is, in turn, dependent on the level of knowledge.

As mentioned previously, one of the objectives of this chapter is to investigate
the role of knowledge in the catch-up process—via total factor productivity. In
doing so, by augmenting the Benhabib and Spiegel’s (2000) framework the
speed of catch-up and diffusion of technology for follower countries is

modeled as follows:

Y —Yp.
Aait =0+ alhit + a2Rit + aBOit + a41it + ﬂlh” [M}
Yp,
Y; —-Yp. Y; —Yn. Y; Y.
+pB,R, LPivaxs —2Pi | 5.0, Pmaxs — P + 8.1, LPmaxt = TP (2.9)
Yp, Yp. Yp,

where Yp;, is the per capita output of country i at time t, Ypmax iS the per capita output
of the leading country at time t, [(Ypmax/ Ypi)/ Ypi] represents the economic
backwardness (technological gap) of country i and all the variables are as defined

before.

In Equation (2.9) the first four terms represent the endogenous technical
progress (ability) of country i at time t to innovate and the second four terms
show the catch-up effects. That is, in this set-up there is a leading country and
the speed at which the other countries catch the leader is a function of the

factors of knowledge, which, in turn, depends on the various channels (pillars)
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of knowledge as explained before. Following Benhabib and Spiegel (2000) and

others in this model the leader country is assumed to be USA.

By combining Equation (2.8), Equation (2.9) and introducing panel fixed
effects (by following Benhabib and Spiegel, 2000), we obtain the following
(fully specified) model:

Y
Ay, =a,+ah, +a,R, +a,0, +a,l, + ﬂlhit |:

Y; -Yp. Y —-Yp Y —-Yp
+ﬁ2Ri; pmaxr pzr +ﬂ30it pmaxr pzr +ﬂ4li; pmaxr pzr
Yy Y Ip,

it it

+0 Ak, + ¥t + @i (2.10)

where all the variables are as defined earlier and t and i are the time and country

specific fixed effects.”’

In the above complete specification (fully specified model) we introduce all
four knowledge indicators directly into the model (Equation 2.10); however, it

should be noted here that Benhabib and Spiegel’s (2000) model can be
considered as a special case of the above model (0, =03 =04 =0and B, = B3 =

B4 =0). That is,

Y, —Yp, .
Ay, =a,+ah, + Bh, [%} + 7t + 9i + 6 Ak, 2.11)

it

where all the variables are as defined earlier.

37 Introduction of country-specific variable (i) is aimed to capture heterogeneity due to country
specific factors (e.g. institutional environment). Similarly, time variable (t) is aimed to capture
the overall changes in growth across time such as time-specific effects of global economic
crisis.
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Along with the Benhabib and Spiegel (2000) model (Equation 2.11) we also
consider other special cases to check whether our results would change
empirically, if we introduced the four dimensions (indicators) of knowledge on
growth separately. As we shall explain later, this is particularly important when
we consider the potential detrimental effects of possible multicollinearity
between knowledge indicators.” Hence, we also consider the following special

cases,

Y; —Yp. .
Ay, =a,+o,R, + B,R, [%} + 7t + 9i+ 6 Ak, (2.12)

Y —-Yp.
Ay, =a,+a,0, + 13301': Lonase 7P +yt+ gi+ 6, Ak,
‘ Ypi (2.13)

Y, —-Yp.
Ay, =a,+a,l, + :B4Iir {w} + Y+ Qi+ elAkit
it (2.14)

2.4. The Empirical Models, Data and Results: The Augmented
Technological Catch-up

2.4.1. Empirical Strategy and the Models

Equation (2.10) is re-stated for empirical purpose in stochastic form as

follows™’

3 The result of this analysis is provided in Section 2.4.3.

% Following Benhabib and Spiegel (1994, 2000) and Inklaar and Timmer (2013) among many
others, USA is selected as the leader country.
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Ypmaxt — Ypit j|
Yp,

Ay, =a,+ah, +a,R, +a,0, +a,l, + ﬂlhit |:

YD =YD, YD, — Y0, Yo —Yp
+ﬂ21?it [%}4—&0{[ [%}—Fﬂzlln[ pmaxt ptt:|

it

+yt+ Qi +6,Ak, + €, (2.15)
where all the variables are as defined before and ¢; is the error term.

Based on the related theoretical background and the empirical results in the
literature (see Sections 2.2 and 2.3.1) we expect capital stock (k;), human
capital (h,) and ICTs (I,) to have direct positive impact on the growth rate of

the countries.

We also expect a positive direct effect of R&D on economic growth,
particularly based on the theoretical arguments of new (endogenous) growth
models (see Section 2.2 and 2.3.1). However, there seems to be empirical
ambiguity with regards the impact of R&D on TFP. While some economists
have found that R&D had significant positive impact on TFP and thus on
growth performances of the economies (see for example, Coe and Helpman
(1995)) other economists have found significant negative impact on TFP due to
the uncertainty and ambiguity that R&D entails considering its nature (see for

example, Cozzi and Giordani (2011)).

As mentioned before, the direct impact of openness on economic growth
depends significantly on the nature of the traded good. For example, imported
machinery or capital goods have statistically significant positive effect on
growth of per capita income compared to other consumption goods. That is,

importing higher quality intermediate goods with improved technologies
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enhances productivity of the economy.40 Fagerberg and Srholec (2008) also
indicate that in the empirical studies there is no or little support that openness
(to trade) has on innovation and catching-up. Therefore, we do not have a

priori expectations with regards openness.

Considering the indirect effects of knowledge indicators via the catch-up terms
there is no clear cut answer with respect to the theoretical expectations. This is
succinctly emphasized by the well known technology-gap theorists Jan

Fagerberg and Bart Verspagen,

Rather than a global public good, available to everyone for free, it
became clear to observers that there were large technological differences
(or gaps) between rich and poor countries, and that engaging in
technological catch-up (narrowing the technology gap) was perhaps the
most promising avenue that poor countries could follow for achieving
long-run growth. But the very fact that technology is not a global public
good, i.e., that such technological differences are not easily overcome,
implies that although the prospect of technological catch up is promising,
it is also challenging, not only technologically, but also institutionally
(Gerschenkron, 1962) Fagerberg and Verspagen (2001: 2).

In our specification the technological gap or economic backwardness of
countries are represented by the terms in brackets in Equation (2.15).
Considering the above remarks by Fagerberg and Verspagen (2001), based on
the ideas of Gerschenkron, while the higher gap size (economic backwardness)
is promising, it can also become an obstacle if it is not handled properly by the
governments (e.g. if they fail to create conducive institutional environment).
Therefore, we do not have a priori expectations for the catch-up terms in

Equation (2.15)."

As explained before, we also introduce the variables one by one into the

empirical analysis before considering the full specification (Equation 2.15). For

40 See Frankel and Romer (1999) for more detail.

* Recall that the catch-up terms are interactive variables represented by the interaction of each
knowledge indicator with the technological gap variable.
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instance, Benhabib and Spiegel (1994) model’s stochastic version is provided

below;

Y, —-Yp. )
Ay, = o, +ah, + lglh’it [%} +yt+9i+6Ak, +€, (2.16)

where all variables are defined as earlier.

Similarly we introduce other knowledge variables into the analysis; for
example, individual role of R&D stock in the catch-up process can be analyzed

with the following stochastic version,

Y -Yp. .
Ay, =a,+a,R, + ﬁ2Rit {M} +yi+ i+ elAkit +&, (2.17)

where all variables are defined as earlier.

Now we will discuss the issues related to the estimation.

Due to the heterogeneity of countries there will be correlation between the
independent variables (i.e. the assumption that individual effects should be
uncorrelated with other independent variables is violated) the OLS estimates
become inconsistent and suffer an upward bias. Therefore, to overcome this
problem and considering other advantages of traditional panel data regression,
that are explained below, Equation (2.15) and other specifications, such as
Equation (2.16) and (2.17) are estimated with panel data regression (fixed
effects) methods using balanced panel data from 34 OECD countries from

1995 to 2011.
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Majority of the studies conducted in the related literature have utilized cross-
section analysis, particularly during the 1990s. However, in this study panel

data analysis is preferred over cross-section analysis because;**

i. panel data analysis assumes that countries are heterogeneous. Since the
cross section studies do not control for this heterogeneity they run the risk of

obtaining biased results.

ii. panel data simplifies computation and statistical inference. In panel data
when time series data are not stationary43 and observations among cross-
sectional units are independent then the limiting distributions of many
estimators remain asymptotically normal.** Panel data, with multiple
observations for a given country or at a given time, helps us to overcome under
identification problem resulting from measurement errors. That is, panel data

gives more informative data and more variability.
iii. panel data are better at uncovering dynamic relationships.

iv. panel data has greater capacity for capturing the complexity of variables
(in our case countries) than a single cross-section. Because it can also; uncover
dynamic relationships; construct and test more complicated behavioral
hypotheses; control the impact of omitted variables; identify and measure
effects that are simply not detectable; and generate more accurate predictions

for individual outcomes by pooling the data.

V. panel data has less multicolinearity among the variables, more degrees

of freedom and more efficiency compared to cross section.

42 See Hsiao (2005 and 2006) for more detail.

* However, in this study we use macro panel data and hence extra care should be given for
nonstationarity (we consider this issue in Section 2.5).

* See Binder et al. (2005), Im et al. (2004), Hsiao (2005 and 2006) and Levin et al. (2002) for
more detail.
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2.4.2. The Definitions and the Sources of Data

The main variables that are used in the model are output (Y), capital stock (K),
human capital per worker (h), R&D stock (R), openness (O), and ICT term (I).
While the former three are obtained from PWT 8, the others are from the WDI

database.**¢

QOutput (Y) is the real gross domestic product (GDP) at current purchasing
power parities (PPPs) (in million 2005 USS$). For international comparison

GDP is converted to international dollars using the PPP rates.

Capital stock (K) is the real capital stock measured at current PPPs (in million

2005US$). In the PWT 8 data, capital stocks are “estimated based on

cumulating and depreciation past investments using the perpetual inventory

method” (Inklaar and Timmer, 2013:5).

Human capital per worker (h) is obtained by calculating the index of human

capital per person based on years of schooling (Barro and Lee, 2012) and
returns to education (Psacharopoulos and Patrinos, 1994). Education is an
important indicator of the capacity of the labor force to use the available
information. Barro and Lee (2012) use a combination of data sources to infer
the percentage of each country's adult population (aged twenty-five and older)
the particular level of education they obtained for each year. Census data
provide direct measures of a country's stock of education but, especially, in
developing countries such data are only available for selected years. Barro and
Lee (2012) use enrollment data and data on literacy rates to interpolate between

census years to fill the missing data.

Labor (L) is represented with the number of persons engaged in employment

(in millions).

4 The World Development Indicators (WDI) data set of World Bank and recent version (July
2013) of the Penn World Tables (PWT 8) are used in this study.

* Tt is important to mention that PWT 8.0 provides two set of data for capital and output as
well as productivity for cross country comparison and for country specific analysis. Since this
essay is based on a cross country comparison we use the data set relevant for our analysis. See
Feenstra et al. (2015) and Inklair and Timmer (2013) for more detail.
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Research and development Stock (R) is calculated based on the perpetual
inventory method following Griliches (1980) (in million 2005US$). As
underlined by Griliches (1980) and discussed in detail by Schankerman (1981)

there are two important measurement problems when we use indicators such as
research and development expenditure (% of GDP) as a proxy of R&D in our
analysis. First, we face the problem of double counting because the
conventional proxies of capital and labor include elements of R&D. For
example, R&D workers are included in the labor force and also R&D
investment is included in the total capital stock and the “failure to recognize
the double-counting of R&D inputs and the expensing of R&D can be framed
as an omitted variable problem” (Eberhardt et al. 2013:438). Secondly, in the
value added calculation R&D is treated as intermediate expense. Thus, in order
to avoid the problem of double counting and mutlicollinearity we have

calculated the R&D stock for the OECD countries as follows,

R,=(1-9)R,_, +RE, (2.18)

where R; is the R&D stock of country i at time t, RE;; is R&D expenditure of country i

at time t and § is the depreciation rate (0 <3 < 1).

The depreciation rate is used as 0.15 following Griliches (1998) and Ruge-
Leira (2015). The initial R&D stock (for 1995) is determined by following
Ruge-Leira (2015). That is, the initial R&D stock is calculated as
Rios=RE;s/(gi+d), where g is average growth rate of GDP of country i over
1995-2011 and as above 6 is 0.15.

Openness (0) is measured by dividing total trade (exports plus imports) to
GDP. It gives us information about the economic structure of the country,
regarding the degree of integration to the world economy via foreign trade.
That is, the share of trade (exports and imports) in GDP can viewed as an
indicator of that countries level of globalization and competition in the global
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economy. Foreign trade is also a channel for knowledge spillovers across
national borders. That is, trade is a mean to access foreign knowledge which is
embedded in the traded goods. Sometimes the imitation of this acquired new

knowledge may spur innovation that will enhance economic growth.

However, it should be noted that “[d]espite the overwhelming popularity of
the simple trade ratio measure, researchers should be aware that this measure is
a measure of country size and integration into international markets rather than
trade policy orientation ... [T]he five least open countries are (in order) Japan,
Argentina, Brazil, the United States, and India ... While it is clear that these
countries have trade restrictions in varying degrees, it is difficult to believe that
they are the most restrictive countries in the world in terms of trade policies.”

(David, 2007:9).

Information and Communication Technologies (I). Telephone lines, internet

hosts/active Internet Protocol (IP) addresses, mobile phones, personal
computers are the variables used to capture the levels and the growth rates of

ICT.

In this study we will use information “I” dimension of ICT and it is proxied by
using fixed broadband Internet subscribers, which is measured on per 100

people basis for the entire country.

As indicated before this chapter utilizes a dataset formed by merging WDI data
set and PWT data sets. The WDI provides various indicators, ranging from
demographic to environmental topics and it contains more than 800 indicators
for 214 countries for the years 1960 to 2012, compiled from officially
recognized sources. Whereas the PWT provides 30 variables on purchasing
power parity and national income accounts indicators for 167 countries for the

1950-2011 period.

The two datasets were matched at country level. Before matching the datasets
first a country code key was developed. Prior to merging the two datasets 47
countries that did not have data in the PWT database and the data for the year

2012 were dropped from the WDI dataset, thus we lost 3052 observations.
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Then by using with the country code key the two datasets was merged. Finally,
only data for the 34 OECD member countries for the 1995-2011 period was
kept. This is particularly dictated by the availability of data on R and I as well
as the presence of newly established countries - after the breakdown of

U.S.S.R. - in the OECD.

The descriptive statistics of the variables and the correlation between these

variables are presented in Table 2.1 and Table 2.2, respectively.

The correlation matrix (Table 2.2) indicates that there is positive and moderate
correlation between the growth rates of per capita capital stock and per capita
output. There is also positive and a much stronger correlation between human
capital and ICTs. The other positive and moderate correlation is between
human capital and R&D stock. On the other hand there seems to be negative
and moderate correlation between R&D stock and trade. The negative
correlation between R&D stock and openness may possibly indicate that
countries that lack the R&D capability to produce advanced technologies
would import high tech products, this is not a surprising relationship. One
unexpected result is the negative correlation between the per capita output

growth and ICTs. The correlation between the rest of the variables are weak.

Nevertheless, even though information on correlation gives us an opinion on
the nature and the strength of the relationship between two variables, it is
worthwhile to mention that all these pair wise correlations are not substitute for
an econometric analysis based on theoretical models. In the next section we

will provide such empirical analysis.

2.4.3. Empirical Results

To analyze the relationship between knowledge indicators and economic
growth we used panel data analysis as explained in Section 2.4.1. Due to the
possibility of unobserved heterogeneity in the explanatory variables of our
model and the possible correlation of the disturbance term with the explanatory

variables, fixed effects estimator was used, to allow for a country fixed effect
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that is correlated with the determinants.*” To control for autocorrelation and

heteroskedasticity we used Huber/White or sandwich estimators and hence

heteroskedasticity and autocorrelation robust (HAC) standard errors.*®

In line with our empirical strategy as set out in Section 2.4, first we introduce

each variable separately and then we estimate our fully specified model by

introducing all knowledge indicators together to see their joint impact on

growth rate of output per labor and catch-up effects. Regression results are

provided in Table 2.3.

Table 2.1. Descriptive Statistics of the Variables

internet subscribers
(per 100 people)

Variable Definition Obs Mean Min Max Std. Dev.
Growth Rate Log difference of 578 1.596 -7.794 16.361 2.509
of Per Capita real GDP  per
Output (Ay ) worker at current

PPPs (in  mil

2005US$) [%]
Growth Rate  Log difference of 578 2.222 -4.342 13.026 2.100
of Per Capita capital stock per
Capital ( Ak) worker at PPPs (in

mil. 2005USS$) [%]
Human Human capital per 578 3.006 1.978 3.6187 0.303

. worker (based on

Capital (h) years of schooling

and returns to

education)
R&D Stock  R&D Stock (in 578 1.36x10'" 0.0035x10" 23.2x10" 3.46 x10"
R) mil. 2005US$)
Openness (O) Trade (% of GDP) 578 87.715 16.749 333.5 49.883
Internet (I) Fixed broadband 578 42.075 0.082 95.020 29.127

" The Hausman Test also supported our decision.

* The option ‘robust’ in STATA helps us to obtain sandwich estimators.
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As can be seen in Table 2.3, six models were estimated. Model 1 is the
benchmark model with only one explanatory variable (capital stock). Model 2
is the Benhabib and Spiegel (1994) model that investigates the relationship
between the growth rate of per capita output and growth rate of per capita

capital and human capital stock (as well as its catch-up effect).

Model 3 to Model 5 contain both the direct and indirect (catch-up) effects of
other knowledge indicators, albeit individually. The last model in Table 2.3,
Model 6, is our fully specified technological catch-up model which includes all

knowledge variables and their catch-up terms

Table 2.2. Correlation Matrix

Ay Ak h R 0 I
Ay 1
Ak 0.3494* 1
h -0.0265 -0.0075 1
R -0.0417 -0.0984* 0.3301°* 1
0 0.0503 0.0215 0.1406* -0.3438* 1
I -0.2849*%  -0.1496% 0.4215*  0.1319% 0.1701* 1

Note: * p<0.05

As can be seen from Table 2.3 the panel fixed effects estimations of all six
models have serious problems. The first issue that draws our attention is that,
with the exception of Model 6, growth rate in per capita capital is statistically
insignificant in all models.* Another issue is that some signs of the estimated
coefficients are not in line with our a priori expectations. For example, in
Model 2 where we analyze the impact of human capital and its catch-up effect
(Benhabib and Spiegel model) the human capital has a negative coefficient

which is contradictory to our theoretical expectation.

> In Model 6, Ak is only significant at 10% level. Considering this anomaly, we also re-run the
models by using the levels of y and k. The results are provided in Appendix 2.B.
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Table 2.3. Results of Panel Data Analysis (Ay)

Model1 Model 2 Model 3 Model4 Model 5 Model 6

Growth 0.2434 0.2049 0.2342 0.1972 0.2359 0.27160%*
Rate of Per [0.1487]  [0.153] [0.1472] [0.1554]  [0.1516] [0.1522]
Capita

Capital

(Ak)

Human -5.672%*%* -2.2147

Capital (h) [1.419] [2.2599]

Human 0.5697*** -0.2126

Capital [0.1804] [0.3044]

Catch-up

(C_h)

R&D -0.000002%* 0.000001

Stock (R) [0.000001] [0.000001]

R&D -0.00001 0.000012*

Stock [0.000007] [0.000007]

Catch-up

(C_R)

Internet (I) -0.023 %% -0.022%%**
[0.00353] [0.0071]

Internet -0.006419 -0.006406

Catch-up [0.00531] [0.003894]

(C_D

Openness -0.0177* 0.01835

(9)) [0.0091] [0.0118]

Openness 0.0201***  0.0175%*%*

Catch-up [0.0031] [0.0062]

(C_0)

Constant 1.06***  16.198***  1.6996%**  2269%**  (0.55659 5.6303
[0.3305] [4.34096] [0.4019] [0.43336] [1.13496] [6.5167]

Observation 578 578 578 578 578 578
R-squared 0.032 0.134 0.038 0.125 0.123 0.191
Countries 34 34 34 34 34 34

Robust standard errors in brackets *** p<0.01, ** p<0.05, * p<0.1
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Similarly, all of the results of our panel data estimation, regarding the direct
effects of knowledge variables, are either theoretically inconsistent or they are
not statistically significant. In the fully specified model, all of the four direct
effects are theoretically inconsistent or statistically insignificant and two of the

catch-up terms are not statistically significant.50

Considering all these results there seem to be serious problems related to

specification and estimation. Now we will discuss these issues.

° It is a commonly faced problem in dynamic panels where traditional
panel data analysis, such as fixed effects model, fails to capture the dynamic
nature of the time dimensions and the heterogeneity among the countries,

regarding the dynamic adjustment.”’

° In traditional panel data analysis it is assumed that some parameters
(for example, slope parameters) are same across the panel, i.e. the pooling
assumption. When this assumption does not hold, that is when we have
heterogeneous panel, bias arises in both static and dynamic panels.52 Another
situation that results in inconsistent fixed and random estimators is when we
have small T and large N, as in our case. Thus, when T is small and the
dynamic panel data is biased we might end up with misleading results. Most
commonly used alternative, to overcome the heterogeneity bias is the pooled

mean group (PMG) estimator introduced by Peseran et al (1999).

° Considering the theoretical background of our model, the core

knowledge variables such as human capital and R&D expenditure can play

%% As explained in Appendix 2.B., empirical results with the level form specification are
considerably better. But it should be noted that the level form specification does not have a
similar interpretation with either our models or that of Benhabib and Spiegel’s approach.
Nevertheless, “better” results from the level form specification indicates the danger of
differencing the level form relations like production function. That is, when nonstationary
variables are differenced, valuable information is lost form the data (see Asteriou and Hall,
2011)

51 See Asteriou and Hall (2011) for more detail.

32 Peseran and Smith (1995) have proved that in these cases both fixed and random effects may
be inconsistent.
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different roles in different theoretical setups. For instance, human capital can
play two different roles in endogenous growth models. While Lucas (1988)
introduces human capital as an additional input and hence emphasizes human
capital accumulation over time, Nelson and Phelps (1966) emphasize the role
of human capital in adopting new technology and hence improving total factor
productivity.53 As we explained in Section 2.3 we have followed the approach
by Nelson and Phelps (1966). However, in our above specifications (Models)
we neglected the role of human capital accumulation in the growth process as
emphasized by Lucas (1990). Additionally, in line with Griliches (1979) and
Eberhardt et al. (2013), one can also include the other critical knowledge
variables (e.g. R&D) as a shift factor in the production function without

affecting the returns to inputs.

Therefore, in the following section, we will introduce a new (augmented
knowledge) model and estimate it with PMG method, by considering all of the

above mentioned issues.

2.5. An Augmented Knowledge Production Function: When Griliches

Meets Lucas

As we explained in the introduction section one of the objectives of this
chapter is to analyze the role of knowledge on OECD countries by developing

an augmented knowledge production function.

In the previous section, we considered human capital as a factor in productivity
however considerable empirical literature (e.g. Bosworth and Collins (2003),
Senhadji (2000) and Inklaar and Timmer (2013)) consider human capital as an
input (a la Lucas) in the production function. Therefore, by following those
studies we consider the following production function with a skilled adjusted

labor (human capital) input,

Y = AK*H?” (2.19)

3 Kruger and Lindahl (2001) provide detail discussion of these issues.
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where Yis output (real GDP), K is capital stock and A is total factor productivity, H is
human capital and it is also called adjusted labor input (H=hL, where h is human

capital per labor and L is total employment).

Griliches (1979) emphasized that it is important to consider knowledge as an
additional input to the traditional inputs, such as labor and capital, in the
production function. More formally, he considers the following production

function,

Y = f(L,K,R) (2.20)

where L is labor and R is the R&D stock and the rest of the variables are as defined

before.

Additionally, we also consider the role of ICTs and openness as important

knowledge indicators in our model (see Section 2.2 and 2.3.1 for more detail).

Thus when we come Griliches’s approach and Lucas’s approach with our
above argument on the role of ICTs and openness we can obtain an augmented
production function. More specifically, we use the following Cobb Douglas

production function,

Y=K*HP?R7C?0O° (2.21)

where C represents ICTs™, O represents openness and all variables are defined as

earlier.

> To avoid any confusion with panel data notation we choose to represent ICT with C rather
than I, as has been used in the previous section.
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Following Bosworth and Collins (2003) and Senhadji (2001) among others we
impose constant returns to scale assumption (a+f3=1) and hence we transform

Equation (2.21) to per efficient worker form (Y/H and K/H) as follows,

Y K\
[Ej:(ﬁj R7C?0* (2.22)

where all variables are defined as earlier.

We obtain the following equation by taking the log of Equation (2.22)

Vi =a’l€+7/r+¢c+go (2.23)

here 3 ln(yjlé ln(Kj In(R), ¢ = In(C) and o=In(0)
where y = — |, k= — |, r=In(R), ¢ = In(C) and o=In(O).
Y H H

Therefore, in line with Griliches (1979) and Eberhardt et al. (2013) we
included the knowledge variables as a shift factor in the production function

without affecting the returns to inputs.

We re-state Equation (2.23) for empirical purpose in stochastic form as

follows,

)All.t =¢+a//’€\+}/r+¢c+g0+8 (2.24)

where all the variables are as defined before, @is constant term and €is the error term.
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Thus, the above (augmented) log linear production function can be thought as a
long-run equilibrium relationship between factor inputs, knowledge variables

and output.

Peseran and Smith (1995) argue that even though the dynamic specification is
not common for all countries, in the long run the parameters might be common.

Thus, they suggest

either averaging the individual country estimates, or by pooling the long
run parameters, if the data allows, and estimating the model as a system
... [thus we can possess] the efficiency of pooled estimation while
avoiding the inconsistency problem following from pooling
heterogeneous dynamic relationships (Asteriou and Hall, 2011:436).

In the PMG estimator, only the long run coefficients are same across countries
and the short run coefficients vary. For this exact reason, Bassanini and
Scarpetta (2002) have used PMG estimators in their analysis of the long-run
relationship between factor inputs and output in their sample of OECD
countries over 27 years. Similarly, as noted by Eberhardt et al. (2013) the PMG
estimators are preferable when we have small set of similar countries (as in the
case of OECD) rather than large diverse macro panels. Furthermore, as
underlined by Asteriou and Hall (2011) another critical advantage of the PMG
is that “the parameter estimates are consistent and asymptotically normal for
both stationary [I(0)] and non-stationary I(1) regressors” (Asteriou and Hall,

2011:427).

Thus, when we are analyzing group of countries such as the OECD, by
following Peseran, Shin and Smith (1999), we may expect a common long-run
equilibrium relationship. That is, we can estimate common long run
coefficients for the augmented production function for the OECD countries.
Therefore, following Peseran, Shin and Smith (1999) we use the following

error correction model in our empirical analysis;
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Aj}il = ¢it +agtA]<il +é’ilA’lTl +y/ilAC.it +w;tA0it

Ay, — -0k, — ¥, — ¢, —G0, ) +E, (2.25)

where @, ¢, y, and @, are the short run parameters and A; is the error correction
L

term. The term in the brackets represents the deviation from the long run relationship

in the previous period.

It should be noted that while long run coefficients are same across (OECD)

countries short run coefficients are allowed to vary. Hence

“[tlhe PMG method of estimation occupies an intermediate position
between the MG method, in which the slopes and the intercepts are
allowed to differ across countries, and the classical fixed effects method
in which the slopes are fixed and the intercepts are allowed to vary”
(Asteriou and Hall, 2011:436).

The alternative pooled estimates for the knowledge production function with
no restrictions, Mean Group (MG), and with common long-run effects (PMG)

are provided in Table 2.4.

As is seen from the last column PMG estimates of the production function is in
line with theory and statistically significant. However, MG estimates are not
consistent with the theory (in terms of signs and/or magnitudes of estimates)
and statistically insignificant. The Hausman test statistic also prefers the PMG
estimator. That is the efficient estimator under the null hypothesis (PMG) is not

rejected.

According to our results (based on PMG estimates) a 1% increase in capital
stock increases output per efficient worker by 0.28%. A 1% increase in R&D
stock, ICT and openness increases output per efficient worker about 0.16%,
0.03% and 0.04%, respectively. Thus, according to the results of our analysis

in the long run, knowledge variables, especially the R&D stock, seems to play
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an important role in the economic growth performances and catch-up efforts of

OECD countries.

Table 2.4. Alternative Pooled Estimates of Augmented Production

Function
MG PMG

Capital Stock (]2)’ o 2.06726 27698
R&D Stock (7), y -.90317 15651 %**
ICT (¢), ¢ .01957 .02796%#*
Openness (0), ¢ -.19542 .04446%**
ecm, A - 78879%** -.36514%**
Observations 544 544
Number of code 34 34
Hausman [Prob>chi2=0.9171]

Finally, the sign and magnitude of overall error correction term (-0.36514) of
the PMG estimates is in line with a priori expectations and it is statistically
significant. This result implies that the OECD countries, taken together,
converge to the common long-run equilibrium represented by the augmented
knowledge production function. In other words, our results indicate that there

is convergence among the OECD members in the long—lrun.55

2.6. Concluding Remarks

One of the widely used models in the economic growth and catch-up literature
belongs to Nelson and Phelps (1966). In their seminal study Nelson and Phelps

underlined the importance of human capital in adoption and imitation of

% In the previous model (the augmented catch-up model), due to the static nature of the model,
the catch-up (interaction) terms were included to test the catch-up performance (convergence)
of lagging countries. However, in this new set-up due to the structure of the error correction
models catch-up (or convergence) enters the model directly via the error correction term.
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technology. Later this model was taken once step further by Benhabib and
Spiegel (1994) who introduced the catch-up term to analyze the role of human

capital in the catch-up efforts of follower countries.

In the theoretical part of our study we wanted to take Benhabib and Spiegel’s
study another step further and analyze the impact of knowledge variables on
economic growth and catch-up performances of follower countries. In our
model we included four knowledge variables (human capital, R&D
expenditure, ICTs and trade) such that they have two effects on a countries’
total factor productivity. Firstly, they can improve the ability of a follower
country to use and improve imported technology. Secondly, these knowledge

indicators as a whole determine the speed of catch-up of the follower countries.

We carried a multi-country empirical analysis for OECD countries using panel
data from 1995 to 2011 to analyze the relationship between knowledge
indicators and economic growth by employing traditional fixed effects model.
However, the results of our econometric analysis contradict our theoretical
expectations. That is, majority of the results of our panel data estimation, both
the direct effects of knowledge variables and the catch-up terms, are found to

be either theoretically inconsistent or statistically insignificant.

When we further investigated as to why we ended up obtaining such
controversial results to our a priori expectations, we found that there were
serious limitations with the specification used by Benhabib and Spiegel who

have followed the Nelson and Phelps’ specification.

In their model Nelson and Phelps emphasize the role of human capital in
adaptation/using new technology and hence improving total factor
productivity. Thus, human capital enters the model via total factor productivity.
In our specification we have also followed Nelson and Phelps and introduced
our knowledge indicators (including human capital and R&D stock) into the

model through total factor productivity.

However, as underlined by Lucas (1988) when human capital enters the model

as an additional input it captures the role of human capital accumulation in the
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growth process. Following Lucas (1988) in our new model we introduced
human capital as an additional input together with capital stock and also
included the other critical knowledge variables as a shift factor in the
production function (as suggested by Griliches (1979) and Eberhardt et al.
(2013)). We named this new production function as the augmented knowledge

production function.

In contrast to Benhabib and Spiegel’s (1994) static panel data analysis we also
utilize dynamic panel data techniques which are more suitable for macro panel
data. Our new framework also utilizes the long-run information in the data by
focusing on the equilibrium relations. This was not possible with the previous
analysis based on Benhabib and Spiegel approach which focused on the
differenced form of production function which looses the valuable long run
information. Following, Peseran et al. (1999) we used PMG estimator where
only the long run coefficients are same across countries and the short run
coefficients vary. One advantage of PMG method is that it takes into account
non stationary cointegration that is commonly observed in macroeconomic
analysis with panel data where there is large number of countries over short
period of time. Considering the aim of this essay another advantage of this
framework is that in this new set-up convergence or catch-up efforts can be

tested directly, i.e. by testing the significance of the error correction term.

The results of the PMG estimation of our new production function were both
theoretically and statistically significant. That is, our analysis of 34 OECD
countries for 1995-2011 period, indicates that knowledge variables as a whole
have positive impact on the economic growth performances of OECD countries
and they seem to be converging to the common long-run equilibrium

represented by the augmented knowledge production function.
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CHAPTER 3

THE ROLE OF KNOWLEDGE ON ECONOMIC GROWTH:THE
CASE OF TURKEY, 1963-2010

Although the impact of knowledge on economic growth is an important topic,
it has not been investigated thoroughly for the Turkish economy. When the
studies on the role of knowledge in economic growth performance of Turkey
are analyzed, to the best of our knowledge, majority of them are descriptive
and/or review articles.”® Most of the empirical studies on the relationship
between knowledge and the economic growth of Turkey focus on the role of a
single or specific dimension or pillar of knowledge (for example, education or
R&D)’’ on economic growth. Without any doubt, these studies attempted to
provide useful insights on the role of specific dimensions of knowledge on
economic growth, however considering the multidimensional structure of
knowledge as a whole, unfortunately, they are not sufficient either in terms of
empirical analysis or data or scope. Therefore, a more efficient analysis would
be to use a production function framework to see the overall effect of various
pillars of knowledge -education, R&D, ICTs and openness on economic

growth of Turkey.

This chapter analyzes the impact of knowledge on economic growth in Turkey
over the 1963-2010 period by using a production function approach. In doing
so popular time series methods, such as cointegration and impulse response
analysis, were used to analyze the role of knowledge on economic growth in
Turkey. In contrast to early studies, which have analyzed the impact of a

single dimension of knowledge on economic growth we construct a knowledge

% For example, Saygili (2003), Kelleci (2003), Cakmak (2008), Kibritcioglu (1998) and Uckan
(2006).

57 See, for example, Kar and Agir (2004), Ozsoy (2009) and Simsek and Kadilar (2010).
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index that helps us to see the impact of various dimensions of knowledge with
a single and comprehensive measure of the “level” of knowledge in the
economy. As we shall explain later, this approach (construction of a single
measure) also has a methodological advantage due to the presence of severe

multicollinearity among the knowledge indicators.

The following section introduces the developments in the Turkish economy
during the 1960-2010 period, then Section 3.2 presents the literature survey
and Section 3.3. introduces our model. Section 3.4 provides the knowledge
index, Section 3.5 provides the empirical results and finally, Section 3.6

provides the concluding remarks.

3.1. Main Developments in the Turkish Economy during the 1963-2010
Period

In this section we will analyze the developments in the Turkish Economy

during the last five decades.

Without any doubt the most profound event in the Turkish Economy during
this period has been the shift from import substitution led development
strategies to export oriented development strategies, in 1980. Thus, we will
analyze the developments in the Turkish economy by dividing it into two main
periods; the import substitution period (1963-1979) and the export/outward

oriented period (1980 onwards).

During the first period (1963-1979), in order to catch up with the industrialized
countries, like most of the developing countries, Turkey implemented import
substitution led development strategies. The State Planning Organization
(SPO) had started to prepare™ five year development plans and annual

programs, which outlined the main goals and strategies in the process of

% The SPO (currently Ministry of Development) is still preparing five year plans which lack
their previous powers and aspirations (Ekinci, 2000:2).
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development.59 In these plans and programs main emphasis was given to the
manufacturing sector and the lion share of the public investment was
transferred to this sector. Another important sector was the agricultural sector

which was implicitly supported via support purchases.*

The growth performance of the Turkish economy during the 1960s was quite
impressive (see Figure 3.1). Additionally, Turkey registered low levels of
inflation rate during this period (see Figure 3.2). However, the domestic
economic instability61 combined with the two oil shocks of 1970s, showed its
impact on the Turkish economy. From mid-1970s onwards inflation became
the dominant characteristic of the Turkish economy (Figure 3.2). Apart from
the monetary factors®® the main source of inflation was the deficit of public
sector™ (it was financed by the central bank®) which is also regarded as one of
the leading sources of the debt burden experience. During the late 1970s, this
debt burden turned into debt crisis (Celasun and Tansel, 1993:273) and hence
negatively affected economic growth (see Figure 3.1). By 1980 it was evident
that the import substitution policy was insufficient to accommodate economic
growth and Turkey was trapped in economic instability.65 In 1980 with the
support of IMF and World Bank Turkey adopted a comprehensive stabilization
and adjustment program. The switch from import substitution policy to the

export oriented policy was one of the key elements of the 1980 program. The

% For more detail see Celasun and Rodrik (1989).

5 This is also regarded as one of the causes of inflation in 1970s (see for example, Celasun and
Rodrik (1989)).

%! Increasing public debt burden, inflation and so on.
62 For example, money and exchange rate.

5 For example, during the 1963-1977 period the public sector accounted for 50-55% of the
total investment in the economy (Celasun and Rodrik, 1989:626).

% See Lim and Papi (1997) for more detail.

5 The instability during the late 1970s was mainly due to the debt and the severe balance of
payment crisis. See, Celasun and Rodrik (1989) and Ekinci (2000) for more detail.
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main impact of this policy until mid-1980s was an increase in aggregate saving

and decrease in domestic absorption (Celasun and Tansel, 1993:273).
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Figure 3.1. Growth Rate of Real GDP (%)

During the early 1980s, Turkey was somewhat successful in lowering inflation
rate and increasing economic growth rate (see Figure 3.1 and 3.2). In mid-
1990s, once again, Turkey experienced chronic inflation rate (see Figure 3.2)
mainly resulting from excessive domestic borrowing, debt mismanagement and
populist policies of governments. In 1994 Turkey entered into financial crisis

and the inflation rate reached to its peak (three digit) level.®’

Hence, Turkey implemented an IMF based stand-by agreement in 1994 and by
1995 succeeded to reduce the inflation rate to two digits. Mainly due to

populist policies and political instability Turkey had failed to take the

66 Turkey experienced a military intervention in 1980 which has lasted until the end of 1983.

57 For more detail on the 1994 crisis see Celasun (1998), Ekinci (2000) and the references
therein.

54



necessary precautions and actions to overcome the same problems68 during the
1990s that she had been facing since mid-1970s. Even though it was too late
for adjustment, the last coalition government nevertheless signed a new
stabilization program with the IMF but could not avoid entering a severe
economic crisis in 2001. Along with the structural problems of the IMF
program, the institutional weaknesses of the banking sector is seen as the main
cause of the crisis in 2001 which was the most severe economic crisis in the

Turkish economy (its GDP shrunk by 5.7%).%”
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Figure 3.2 Inflation Rate (%-age change in GDP Deflator)”

Turkey signed a redesigned stabilization program with IMF right after the

crisis in February 2001.

68 Inflation, inefficient public finance and debt burden.
% See for example, Ozatay and Sak ( 2002), Ozkan (2005) and Yeldan (2002) for more detail.

70 Source: SPO (Ministry of Development).
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The successful implementation of the new IMF stabilization program, along
with reforms, positive developments in relationships with the EU, inflation rate
has decreased from high and chronic level of roughly 60-70% in 1990s to a
single digit inflation rate during the post 2004 period (see Figure 3.2). As a
result of this normalization in the economy the growth rate of the Turkish
economy has increased at an impressive rate during 2002-2006 period (see
Figure 3.1). Nevertheless, this growth performance has not been sustained due
to excessive reliance on short term capital inflows which resulted in chronic

current account deficit.
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Figure 3.3 Trade-to-GDP Ratio (%)71

However, it should be underlined that even though the macroeconomic policies
implemented during the early 2000s has contributed to decreasing economic
instability and high level of economic growth this had a transitory impact (see
Figure 3.1). Even though there has been sharp increase in foreign trade during

the end of the 20™ century (especially after 1996 when the customs union

" Source: See Section 3.5 for the details on the data.
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agreement with the European Union entered into force) and beginning of the
21" century (see Figure 3.3), its contribution to the Turkish economy has been
limited. In other words the accelerated rate of increase in imports compared to
the rate of increase in exports has made Turkey dependent on foreign resources
and worsened its current accounts and thus has made it vulnerable to external
shocks. As a result, Turkey has been influenced by the latest global crisis in

2008/9 and experienced a significant decrease in growth rates (see Figure 3.1).
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Figure 3.4 Share of R&D in GDP (%)

Finally, it should be noted that research and development and innovation
policies have been in the agenda of the Turkish policy makers since 1960s.”*
As seen in Figure 3.4, even though the share of R&D in GDP has slightly
increased from 0.5% (2001) to 0.94% (2013) (way below the EU average of

3%) there have been some important steps taken to enhance R&D activities and

7> Appendix 3A provides a comprehensive overview of the developments in science technology
and innovation policies in Turkey.
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funds allocated to R&D during the last decade. During this period Turkey has
shown considerable effort to increase R&D activities. The aim, as clearly
indicated in the 2023 national strategy, is to further increase the share of R&D

expenditures in the national income to 3% by 2023.

3.2. Literature Review

In this section we will provide a review of the prominent growth theories
starting with the Solow model (1956), the exogenous growth model, which is
considered as the building block of the modern growth theory.”> However, in
line with the aim of this chapter we will focus on the endogenous growth
models with particular emphasis on the pillars of knowledge. Thus, in this
section first we will introduce the exogenous (Solow) growth model and then

examine the endogenous growth models and the relevant empirical evidences.

3.2.1. The Exogenous (Solow) Growth Model

The neoclassical growth theory is based on production functions which are
characterized by strict neoclassical assumptions. That is, in many neoclassical
models the production functions exhibits constant returns to scale, diminishing
returns to inputs and there is the perfect competition assumption which ensures
that the firms are price takers. According to this model economic growth
performance of a country was influenced by an exogenous factors, namely,

technology’* and population growth.”” Solow (1956) had considered

7 However, it should be mentioned that the modern growth theory has evolved from studies
that have introduced new aspects or criticisms to the classical growth theory that dates back to
Malthus. In the classical growth theory there is a subsistence level and the real gross domestic
product (GDP) growth is always temporary. During the early 20th century Harrod (1939) and
Domar (1946) have tried to introduce Keynesian aspects to economic growth theory. In
contrast to the classical economy, in these models the economy does not reach full employment
and stable growth rates naturally.

™ Technology is available and accessible for every single country in the world free of charge
because it is “manna from heaven”, i.e. public good.

> Technology enters the production function as a residual of total factor productivity, i.e. the
Solow residual.
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technology as exogenous variable and had simply postulated that time was the
only variable that affected the level of productivity (or productivity). That is,
the exogenous technology term was added to allow for long-run growth in

GDP per capita. He used the following aggregate production function:

Y =A@ F(K,L) 3.1

where Y is the level of aggregate output, K is the level of the capital stock, L is the

size of the labor force, A is total factor productivity and t is time.

In the long run, it is assumed that the GDP per capita of all countries grow at
the same, exogenously determined rate. In other words, the most important
prediction of the exogenous growth models was that poorer countries due to
their higher grow rates would eventually converge to the growth levels of
richer countries. But in reality, rather than converging, the growth gap between
the poor and rich increased. For example, while the rich countries grew at an
average rate of 2.5% per year during the 1960-2004 period, the developing
countries, with the exception of East Asian Countries, has had disappointing

growth rate especially since 1980 (see Rodrik (2007) for more detail).”®

Since the mid-1980s, economists argued that endogenous factors within the
economies were the factors that determined the economic growth rate and such

divergence of growth performances will be explained in the following section.

3.2.2. Endogenous Growth Models

Lucas (1988) and Romer (1986) stressed the importance of knowledge

(particularly human capital) and technological progress in economic growth

76 For instance, especially the Latin America and Caribbean countries and sub-Saharan African
countries have grew less than 1% since 1980.
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performance of countries.”” They modified the production function by adding
human capital along capital and labor. In this framework the human capital has
been recognized as the most important factor that influenced performance of
the richer countries. Most importantly, human capital is considered to be the
key input in R&D which accelerates technological progress (Romer, 1990).
Investment in R&D in the richer countries is seen as the primary cause of
technological progress (or innovations) which improved the capital goods
(machinery or other intermediate inputs) used in the production process. Thus
this new strand of growth theory by internalizing technological progress tried
to explain the growth rates of countries. The assumptions, in general, are more
flexible and more realistic compared to the neoclassical models. There is
increasing returns to scale and in some sectors of the economy there is
imperfect competition. Other issues such as policy decisions, the role of state
and trade have entered into growth theory through endogenous growth

models.”®

Below, therefore, the endogenous models based on human capital, research and

development, government spending and new trade theories are presented.

Endogenous Models Based on Human Capital

As mentioned previously, in their seminal papers, Arrow (1962), Nelson and
Phelps (1966) and Uzawa (1965) introduced the ideas of education and
learning by doing into the literature. Therefore, these authors could be
considered as the forerunners of the endogenous growth models. Nelson and
Phelps (1966), for instance, argued that education speeded up technological

diffusion simply because educated human resource was much faster in

" Initially, with their seminal papers Arrow (1962), Nelson and Phelps (1966) and Uzawa
(1965) drew attention to the importance of education and learning by doing for economic
growth.

"The improvements in the mathematical techniques have also made it possible for economists
to abandon the assumption of perfect competition and work with imperfect competition.
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adopting the new technology. According to some economists this was the main

factor behind the East Asian Miracle.”

The production function can be written broadly as follows:

Y =A() F(K, L) (3.2)

where h is the stock of human capital and all other variables are as defined earlier.

During the late 1980s, while retaining the neoclassical perfect competition
assumption Romer (1986) has stressed the importance of knowledge and Lucas
(1988) has stressed the importance of human capital. Romer introduced
knowledge as the key factor that caused long-run growth and increasing returns
to scale.®” Therefore, considering the above arguments of the forerunners
Romer (1986) has enlarged the concept of capital by including investment in
knowledge alongside accumulation of capital goods. Knowledge in this case is

a public good which is available to every single firm.

Lucas (1988) separated the effects of human capital into two groups; the
internal and the external effects. The production function in this case consists
of accumulated physical and human capital and both inputs exhibit constant

returns to scale.

The production function, without the externality effect, can be written as

follows:

Y=AKP [uhL]"P (3.3)

" See for example, Collins and Bosworth (1996), Chen (1996), Nelson and Pack (1999) and
Barro and Lee (1994) for more detail.

8 However, some economists (for example, Sala-i-Martin (1990b)) argue that increasing
returns to scale is not necessary to generate endogenous growth.
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where u is the fraction of time that individuals devote to work (non-leisure), h is the
average quality of workers and L is the number of workers (uhL is the human capital)

and all other variables are as defined earlier.

The internal effects (due to the learning by doing during the training process)
and the external effects are spillovers of knowledge, where individuals tend to

learn more when they work with more qualified people.81

With the inclusion of externalities the production function becomes

Y = AKP[uhL]"P h%, (3.4)

where all variables are as defined earlier. In this production function uhL is the total
effective labor used during the production of the output and the externality enters in

the form of average (quality) human capital (h%)).

Lucas (1988), rather than focusing on the effects of investment has
concentrated on the intentional accumulation of knowledge. In this case
building a human capital has expenses, but it is also considered as an asset with
a financial return.®” It is assumed that there are infinitely lived households
where stock of human capital is passed from the present generation to the
future generation. Just like Romer’s model, the positive external effects of
knowledge are acknowledged and it is treated as a public good. Thus, human

capital in these models is the main accelerator of economic growth.

81 Similar argument had been made by Nelson and Phelps (1966) who argued that educated
managers would much easily integrate new technologies into the production process.

82 Therefore, the externality introduced in this model explains migration.
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Endogenous Growth Models Based on Research and Development

The seminal contributions of Romer (1990), Grossman and Helpman (1994),
and Aghion and Howitt (1992)** have specified the R&D sector as the growth
engine of the economy. The R&D sector establishes innovations and new
products or ideas on new product/production techniques, for the other sectors
in the economy. It uses human capital and accumulated knowledge to produce
new knowledge. The technological spill-overs are important and the
accumulated public knowledge contributes to the productivity of the R&D
sector. New knowledge (or innovation) is used in the production of new
products or production techniques and it also increases the total stock of
knowledge and the amount of individuals employed in the R&D sector. The
innovator in this set-up has been given some property rights on the blueprints
but does not have any rights on the way this innovation is used in further
research. In other words, the innovator has been given some temporary
monopolistic rights on this new innovation to cover for the investment that has
been made, this is a reflection of the Schumpeterian idea.® So, the argument in
this strand of the literature is that monopolistic power (and hence profits)

emerges as the essential motivation behind the innovational activities.

According to the first-generation R&D growth models, the long-run rate of
economic growth is proportional to the total amount of research undertaken in
the economy. In these models, the rate of economic growth is permanently
influenced by an increase in the number of researchers employed in the R&D
sector. Jones (1995) criticized this prediction by arguing that the rate of total
factor productivity (TFP) growth had remained constant in advanced countries
despite the increase in R&D expenditure. This argument led the way to the

second generation growth models without scale effect.

8 Romer (1990), Barro and Sala-i-Martin (1990) and Grossman and Helpman (1991) are the
seminal studies in this strand of endogenous growth literature.

% The Schumpeterian idea indicates that new innovations are motivated by the possibility of
obtaining profits.
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One strand of the second generation growth models, known as the semi-
endogenous growth models,ssargues that economic growth is characterized by
weak scale effect. That is, the level of steady-state per capita income is an
increasing function of the size of the economy, but not its growth rate.
Because, as argued by Solow, the long-run rate of economic growth is

determined by the exogenous rate of population growth.

The other strand of the second generation growth models are known as
“Schumpeterian” fully-endogenous growth theory.*® This strand of second
generation models support the predictions of first generation growth models
that a permanent increase in the number of R&D workers permanently
influences the rate of economic growth. However, unlike the first generation
models, in this case, policy measures effect the rate of economic growth over

the long run without the scale effect.

Cameron et al. (2005) in their analysis on the productivity growth in United
Kingdom manufacturing industries between 1971 and 1992 have found that
R&D raised the rate of innovation. Similarly, Harhoff (1998) in his study on
443 manufacturing firms in Germany R&D’s impact on productivity finds a
positive and significant result only for high-tech firms."’ Ucdogruk (2009)
found that the smaller firms had higher R&D intensity and foreign ownership
had no significant effect on R&D intensity in her analysis on the effect of size

on R&D intensity.

8 See, for example, Jones (1995), Kortum (1997) and Segerstrom (1998).

86See, for example, Aghion and Howitt (2008), Dinopoulos and Thompson (1998), Peretto
(1998) and Young (1998).

8 However as Kalayc1 (2012) underlines ... there is inconclusive evidence in the case of
developing countries whether R&D has any effect or any positive significant effect on
productivity, particularly when taking the technological opportunities of different industries
into account” (Kalayci, 2012:76).
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When we consider the empirical findings, in addition to the above mentioned
factors other factors such as the type of the R&D expenditure (Falk, 2007)**
and government incentives have proven to affect the successful outcomes in

developing countries (Castellani and Zanfei, 2006).

Ozcelik and Taymaz (2008) and Taymaz and Ucdogruk (2009) have found that
government support programs for R&D together with technology transfers
encourage private R&D investment and has a positive significant effect on
R&D intensity. However, the harmony between government policies is
essential for a successful outcome. For example, Pamukc¢u and Erdil (2011)
found that if foreign capital policies and R&D policies are not in harmony and
do not complete each other, this negatively influences the foreign R&D capital

investment, as is the case in Turkey.

Endogenous Growth Models Based on Government Spending

The seminal works of Barro (1990) and Barro and Sala-i Martin (1990) have
emphasized government investment as an essential factor for economic growth.
They argued that investments of governments both on human capital (e.g.
education) and on infrastructure (e.g. telecommunications, roads and
electricity) are necessary for economic growth. Considering the experiences of
the developing countries, one cannot help but agree with this argument. To
develop a sufficient level of absorptive capacity, it is essential to invest in

infrastructure and human capital.89

In these models the government services which accelerate the productivity of
the private capital is incorporated within the production function. Barro (1990)
model assumes that some of the goods that are used in production process are

private goods provided publicly. Another important assumption of the model is

8 For example, the industrial expenditures in general have more impact on the long run
economic growth and factor productivity (see, Bassanini et al. (2001), Coe and Helpman
(1995) and Nadiri (1993)).

8 See, for example , Smeets (2008) for more detail.
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that when government expenditure and capital are used together the production
function exhibits constant returns to scale, but on the other hand when they are

separately considered there is diminishing returns.

The Cobb-Douglas specification of the aggregate production function of the

Barro (1990) model is as follows:

y = Ak ¥g” (3.5)

where g represents government services and all other variables are as defined before.

In this model, the government has to balance its spending and the only source
of government income is assumed to be income tax and it is also assumed that
the society takes the government spending as given. One of the most important
implications of this strand is the argument that, the government expenditure

which is financed via taxes is distortionary in the long-run.

Endogenous Growth Theory and the New Trade Theory

Grossman and Helpman (1989) with their seminal study have underlined the
importance of international trade and the trade policy for economic growth.
They argued that engaging in liberal trade activities, made it easier for the
developing countries to transfer stock of knowledge and increase participation
of foreign direct investments. In 1991, Grossman and Helpman (1991)90
introduced an open economy framework and argued that countries could
acquire foreign technology through imports because imported goods embodied

technological know-how.

%Coe and Helpman (1995) in their study on developed countries found that domestic and
foreign R&D had significant impact on total factor productivity (TFP).
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Another implication of this strand of endogenous growth theories is that trade
would be more beneficial for larger countries, because, compared to small
countries they can make much better use of economies of scale and invest on
R&D activities more than the developing countries. Cameron et al. (2005) in
their analysis on the United Kingdom manufacturing industries found that
international trade enhanced the speed of technology transfer. Hasan (2000) in
her study on Indian manufacturing firms for the ten years from 1977 to 1987
found that imported technologies (both embodied and disembodied) had
positive impact on productivity. Meshi et al. (2011), found positive effect of

R&D expenditure and foreign technology on skill upgrading.

Madsen (2007) found a robust relationship between imports of technology and
TFP, and that 93% of the increase in TFP over the past century has been
primarily due to imports of knowledge for the OECD countries over the period

1870 to 2004.

Moreover, other economists’ have found positive impact of different
knowledge diffusion channels, such as trade and FDI, on the growth rates of

countries.

3.2.3. Endogenous Growth and the Primacy of Knowledge

Chen and Dahlman (2004), based on the endogenous growth models,
postulated that economic and institutional regime, educated and skilled
population, dynamic information infrastructure and efficient innovation system
are the four main pillars (or preconditions) of knowledge economy which
transforms knowledge into an effective engine of growth. They argue that
when these four pillars are strengthened this would increase the accumulation
of quality knowledge used in production, and thus increase economic growth

via affecting total factor productivity (TFP).

*ISee, for example, Wang (1990), Wang and Blomstrom (1992), Eaton and Kortum, (2001) and
Glass and Saggi, (2001) for more detail.
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Chen and Dahlman (2004) suggested the following production function

framework for the analysis of the role of knowledge on economic growth,

Y =A(g,e,r,i)FXK, L) (3.6)

where g represents institutional and/or economic regime of the economy, e represents
education and training, r represents country’s level of domestic innovation, i
represents country’s information and communication infrastructure and other variables

are as defined before.

It is worth to emphasize that the knowledge indicators (of the four pillars)

affect the output growth via total factor productivity (A).

Considering the above arguments of Chen and Dahlman (2004), it seems to be
worthwhile to construct a single indictor for measuring the various dimensions
of knowledge. Later on, based on Knowledge Assessment Methodology
(KAM) the World Bank developed the Knowledge Economy Index (KEI), as
well the Knowledge Index (KI), for ranking countries. The KI is basically the
simple average of the normalized performance scores of a country on the key
variables; education and human resources, the innovation system and the ICT

(i.e. as can be seen from Figure 3.5 they are the three knowledge pillars).

Without any doubt the KI is useful in providing a general snapshot regarding
the positions and rankings of countries in terms of their overall knowledge
base. However, the drawback of KI is the limitation in the availability of all the

variables for a long time period (the KI is available for 2002-2012 period).92

°2 There is a serious skepticism about its ability to fully capture the actual knowledge levels of
countries. As can be seen from Figure 3.5 each pillar consists of a large number of knowledge
economy indicators. Considering the differences in the level of incomes of countries it is
impossible for all of them to invest in all of the indicators. In general countries select the pillar
of knowledge that they are investing based on their expected contribution to their economic
growth and their available financial resources. See Sunda¢ and Krmpoti¢ (2011) for more
detail.
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Thus, the KI does not reflect the reality for most countries (especially the low
and lower middle income group). Thus, this chapter introduces a single

measurement that is capable to capture the knowledge indicators for a longer

period.

EDUCATION INNOVATION ICT

INDEX INDEX INDEX

® Secondary Enrollment L Roya.lty Payments and ® Telephones
® Average Years of Receipts ® Computers

Schooling ®  Patent Count ® Internet Users
® Tertiary Enrollment ®  Journal of Articles

KNOWLEDGE
INDEX

Figure 3.5 Knowledge Index”

3.2.4. Empirical Findings on the Role of Knowledge on Economic Growth

of Turkey

Majority of the studies on the role of knowledge in economic growth that are

conducted in Turkey are descriptive and/or review articles.”® Furthermore,

% The figure has been prepared by the author using information in KAM (2012)
(www.worldbank.org/kam).
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most of the other (empirical) studies are, unfortunately, not sufficient either in
terms of empirical analysis or data or scope. For example, majority of the
empirical studies on the relationship between knowledge and the economic
growth of Turkey focus on a single or specific dimension of knowledge; for
example, the role of human capital (education)’® and R&D.”° For example, Kar
and Agir (2004) have found that improvement in human capital (measured as
the share of education expenditures in GDP) during the 1926-1994 period had a
positive impact on the long-run economic growth performance of Turkey.
Similarly, Bozkurt (2010) in her empirical analysis analysing the relationship
between education, health and economic growth for the 1980-2005 period in
Turkey has found that these two factors had positive impact on economic

growth performance of Turkey.

Agir (2010) in his comparative analysis of Turkey and South Korea tried to
find out the reason as to why there is wide gap between the two countries that
had similar economic indicators up to 1970s. He finds that the determinant
stand of the South Korean policy makers on science and technology policies
has contributed to their research and development (R&D) and thus economic

growth.

Yumusak and Bilen (2010) based on the low performance of Turkey” in
various indices developed by the World Bank, underline the importance of
ICT, health and especially education investment in order to be a part of the

information economy.

 See, for example, Saygili (2003), Kelleci (2003), Cakmak (2008), Kibrit¢ioglu (1998) and
Uckan (20006).

% See, for example, Kar and Agir (2004), Ozsoy (2007) and Simsek and Kadilar (2010).

% See, for example, Yaylali et al. (2010)

7 Turkey ranked 61* (among 145 countries) in the information economy index, 74™ in the
information index, 44™ in the economic and institutional regime index, 55" in the innovation
index, 75" in the information and communications index and 87" in the education index (in

2009).
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3.3. The Model

In this section we attempt to develop an augmented production function model
by considering the strands of endogenous growth models on knowledge as

explained above.

The following Cobb-Douglas production function is used -as the initial
specification- in our empirical investigation of the role of knowledge on

economic growth.

Y =40 E PP CPKALY (3.7)

where O represents the economic structure (regime) of the economy, E denotes
education, P represents country’s level of domestic innovation and C denotes

country’s communication infrastructure, Y, is output, K, is capital and L, is labor.

It should be noted that TFP (At) is explicitly modeled in Equation (3.7), and
equals to B,0E”P"C’.

Equation (3.7) can be restated in log-linear model as follows

LnY, = B, + BLnO, + B,LnE, + B,LnP. + B,LnC, + BLnK, + B.LnL, (3.8)

where B, '=Ln B, and B;’s represent the respective elasticities (e.g. Ps is the elasticity

of output (Y) with respect to capital (K)).

Equation (3.8) allows us to investigate the role of the four dimensions
(indicators) of knowledge on growth (that is, the role of openness, education,
country’s level of domestic innovation and country’s communication
infrastructure) as mentioned in Section 3.2.3. However, these four indicators

are highly correlated (see Section 3.4); therefore, we attempt to construct a
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proper knowledge index (KNIW). As mentioned before, construction of such
an index provides us a single but comprehensive measure on the “level” of
knowledge in the economy, which has multi-dimensional facets (see, for
instance, World Bank, 2006). Thus, considering all these issues, equation (3.8)

can be re-written as follows,

LnY = B +6 KNIW + B.LnK, + B.Lnl, (3.9)

where KNIW is the knowledge index’ and all the other variables are as defined

earlier.

In line with the literature (for example see Chen and Dahlman (2004)) constant
returns to scale is imposed on Equation (3.9) and we obtain the following

specification.

y, =B, +6 KNIW, + Sk, (3.10)

where y, [= In(Y/L)] is the natural log output per labor, k, [=In(K/L)] is the natural log
physical capital per labor and KNIW is the knowledge index.

We will use the following empirical (stochastic) log-linear model in the

empirical applications.

Y, =&, +o,KNIW, +a,k, +u, (3.11)

where u, is the disturbance term and all other variables are as defined earlier. Note that

(Xo=l30*, a,=0, (12=[35-

% Details of the knowledge index are provided in Section 3.4.
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Considering the growth models and their implications (see Section 3.3) we
expect positive signs for k; and KNIW, (a;; >0 and 0, >0). In other words, we

expect to see an increase in broad level of knowledge (KNIW) and capital per

labor (k) to have positive effect on output per labor (y).

From here onwards our empirical analysis proceeds in two steps. First we
construct the knowledge index in the next section. Then we estimate the

production function provided in Equation (3.11) in Section 3.5.

3.4. The Knowledge Index

In the previous section the main determinants of knowledge were introduced as
the economic structure (regime) of the economy, education, level of domestic
innovation and communication infrastructure to our (augmented) production
function framework. In our empirical analysis they are proxied with foreign
trade to GDP ratio (O), average years of schooling (E), total patent applications
(P) and total number of telephone subscribers (C), respectively. The choice of
these indicators are mainly dictated with the availability of data. More detail
regarding measures, definitions and the choice of data are provided in Section

3.5.1.

As noted before, construction of a knowledge index would provide us with a
single and comprehensive measure on the “level” of knowledge in the
economy. Moreover, such an index could also prevent the potential problem of
multicollinearity in the empirical analyses, particularly with the time series
data, since as mentioned before the indicators of knowledge economy are
highly correlated (Table 3.1). As can be seen from Table 3.1 the coefficient of

correlation between our variables is significantly very high.99

% The correlation between openness (LNO) and domestic innovation (LNP) (0.68) is moderate
but it is still significant.
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The knowledge index (that will be referred to as KNIW from here onwards) is

basically the average of normalized indicators (sub-indices) for each of the four

dimensions.

Table 3.1. Correlation Matrix of the Knowledge Indicators

LNC LNP LNE LNO
LNC 1.000000 0.780799 0.988333 0.955331
LNP 0.780799 1.000000 0.718296 0.680130
LNE 0.988333 0.718296 1.000000 0.967248
LNO 0.955331 0.680130 0.967248 1.000000

The procedure of calculating KNIW is summarized in Figure 3.6. So far the

dimensions (pillars) of KNIW and the indictors that will be used to proxy each

dimension have been determined. Now we will explain the details of the

calculation of each dimension index (sub-index) for every single dimension of

knowledge.

Since the four dimensions of knowledge are in different units and have

different ranges (minimums and maximums), the Human Development Index

(HDD)'® methodology is used to obtain a common range for them. That is, a

minimum and a maximum bound is set to each of the four indicators and a

number (index value) is obtained for each of these indicators between O and 1.

After this conversion all of the raw variables turned into unit free indices,

between 0 and 1, that can be compared or used together.

100 See UNDP (1990) for more detail.
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Figure 3.6. Calculation of KNIW

In sum, with this transformation the four indicators become dimension indices
which are labeled as ILNC, ILNP, ILNE and ILNO. The four dimension

. . 101
indices are calculated as follows:'°

LNC, — Min(LNC)

ILNC, =

Max(LNC) — Min(LNC) (3.12)
ILNP = LNP, — Min(LNP)

Max(LNP) — Min(LNP) (3.13)
ILNE, = LNE, — Min(LNE)

Max(LNE) — Min(LNE) (3.14)

' Since in our log-linear model (Equation 3.8) C, P, E and O entered in log (In) form we used
these variables in our calculations in log form as well.
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ILNO, = LNO, — Min(LNO)
Max(LNO) — Min(LNO)

(3.15)

where LNC,, LNP,, LNE, and LNO; represents (natural) log of foreign trade to GDP
ratio, log of average years of schooling, log of total patent applications and log of total
number of telephone subscribers, respectively. Min (X) is the minimum value and
Max (X) is the maximum value of variable X during the time interval (1963-2010) that
is being investigated. The minimum and maximum values of each variable during the

1963-2010 period is presented in Table 3.2.

Table 3.2. The Minimum and Maximum Values of Variables (1963-2010)

LNC LNE LNP LNO
Minimum Value 12.20332 0.84587 6.23637 1.59919
Maximum Value 18.23827 2.04083 8.15880 3.80682

For example, the minimum value for the communication index was observed in
1963 (0) and the maximum value was observed in 2008 (1). Thus, in those
years our indicator (C) contains the minimum and maximum values the

following calculations provide the details;

12.2033-12.2033 _
18.2382-12.2033

ILNC,y; =

_18.2382-12.2033 _1

ILNC,, . = =
2008 18.2382-12.2033

The value for any other years is in between these two extremes, for example,

the value of the communication index in 2000 is;
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ILNC,y,, = 17.3575-12.2033 —0.8541

18.2382-12.2033

The time plots of all four dimension indices (ILNC, ILNP, ILNE and ILNO)

are provided in Figure 3.7.

After normalizing the indicators and obtaining the dimension indices next we
calculate the Knowledge Index (KNIW) as a weighted average of the four sub-

indices, as follows:

KNIW= w; ILNC+ w; ILNE + w3 ILNP + w4 ILNO (3.16)

where w;’s denote weights of the respective dimension indices.

HDI used simple average methodology to determine the weights of each
dimension index simply because all three dimensions were considered to be
equally important.lo2 However, rather than using the simple average
methodology following Alesina and Perotti (1996) among many others,
principal component analysis was used to determine the weights of each

. . 103
dimension.

102 That is, the three dimension indices (Life expectancy index, Education index and GNI
index) were considered to have equal weights (1/3 each).

103 Principal components analysis basically takes the high dimensional data and then uses the

dependencies between the variables to represent it in a lower dimensional form, with minimum
loss of information.
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Principal component analysis results are shown in Table 3.3. These results
indicate that the first principal component (Comp 1) explains a high proportion
of the variance (89%) in the data. The rest of the principal components have
very low explanatory power in terms of explaining the variance in the data.
Therefore we use the first principal component to calculate the respective

weights for our index.

Table 3.3. Principal component Analysis

Comp 1 Comp 2 Comp 3 Comp 4
Eigenvalue 3.559614 0.392161 0.041368 | 0.006857
Variance Prop. 0.889903 0.098040 0.010342 | 0.001714
Cumulative Prop. | 0.889903 0.987944 0.998286 1.000000

Eigenvectors:

Variable Vector 1 Vector 2 Vector 3 Vector 4
ILNC -0.525308 0.120199 0.456715 | -0.707824
ILNE -0.519244 0.276525 0.410120 0.696937
ILNP -0.441353 -0.883181 -0.126428 | 0.095994
ILNO -0.509553 0.359274 -0.779249 | -0.063629

Nevertheless, as can be seen from Table 3.4, the principal component analysis

has yielded practically similar results as the simple average methodology.lo4

Finally, by using the results of the principal component analysis presented in

Table 3.4, KNIW is constructed as follows:

1% Similar result was found by Nguefack-Tsague et al. (2010).
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KNIW=0.2633 ILNC+ 0.2602 ILNE + 0.2212 ILNP + 0.2554 ILNO (3.17)

where all the variables are defined as before.

Table 3.4. Weights Determined by Principal Component vs. Simple

Average
Principal Component Analysis Simple Average Analysis
Variables
[Relative Weights (w;)] [Equal Weights (w;)]
ILNC 0.2633 0.25
ILNE 0.2602 0.25
ILNP 0.2212 0.25
ILNO 0.2554 0.25

As can be seen from Figure 3.8 the time plot of the knowledge index of Turkey,
during the 1963-2010 period, indicates that over the years there has been a

steady increase in the level of knowledge of Turkey.

In sum, the knowledge index (KNIW) is a composite of the four sub-indices
which roughly captures the four main dimensions (pillars) of knowledge.
Therefore, the KNIW shows the level of knowledge in a given time period. As a
consequence, KNIW gives us the possibility to analyze performance of Turkey,
in terms of the attainment of knowledge over time. For example, if Turkey has a
higher KNIW value in the current year compared to the previous year, then we
may say that there has been improvement in the knowledge level. Nevertheless,
it should be noted that some components (ILNO and ILNP) of the KNIW are

sensitive to economic conditions (for example, economic crisis).
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Figure 3.8. KNIW Index of Turkey, 1960-2010

3.5. The Data and the Empirical Results
3.5.1. The Data

Output (Y) is measured by Gross Domestic Product (GDP) at 1998 constant
prices. The Turkish Statistical Institute (TurkStat) has provided a new GDP
series (at 1998 prices, billion TL) from 1998 onwards. The Turkish State

105

Planning Organization (SPO) ™ extended the series back to 1950s.

Capital Stock (Ky) is constructed based on the perpetual inventory method'®,
that is,

195 Ministry of Development.

1% See, for example, among many others, Bosworth and Collins (2003) and Altug et al. (2008).
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K= (1-8) Ket + I, (3.18)

where I; is gross fixed capital investment and J is the depreciation rate (0 < d < 1).

TurkStat has recently changed the definitions of investment series (I;) for 1998-
2010 period and Saygili and Cihan (2008) extended it back to 1948. In
accordance with various studies (see for example, Bosworth and Collins (2003))
we have set the depreciation rate at 5% (& =0.05). Initial capital stock is
calculated in line with Altug et al. (2008)."” It should be noted that the

estimated capital stock series is at 1998 constant prices.

Labor (L) input is measured by employment data. TurkStat uses a broad
definition for employed persons. Employed persons are “persons engaged in any
economic activity during the reference period for at least one hour as a regular
employee, casual employee, employer, self employed or unpaid family worker;
all self-employed and employers who have a job but not at work; regular
employees with a job who did not work if they have an assurance of return to
work within a period of 3 months or if they receive at least 50% of their wage or
salary from their employer during their absence; and apprentices or interns who
are working to gain any kind of benefit are considered to be employed”

(TurkStat, 2014). The employment statistics are yearly and given in thousands.

Since TurkStat provides employed persons only from 1988 onwards, for 1963-
1988 period, following Saygili and Cihan (2008) and Altug et al. (2008) we use
the data series in Bulutay (1995).

Foreign trade to GDP ratio (O) is used as an indicator of the openness that has

been followed by Turkey. It is calculated as the ratio total foreign trade to GDP
(i.e. (export+import)/GDP). The data is obtained from TurkStat. According to

one (trade) strand of endogenous growth models (see Section 3.3) openness is

197 The initial capital stock is calculated as Ky9=Is0/(g+0), where g is average growth rate of
GDP over 1950-2010.

82



favorable to economic growth hence we consider it as an indicator of

knowledge.

Education (E) is measured by the average years of schooling of the labor force
(age 15-64). We used the series in Altug et al. (2008) and extended this series
to 2010. Altug et al. (2008) have used the data on educational attainment by
gender and age groups that are available at five-year intervals through General
Population Censuses. They have used survival rates by gender and five-year age
groups to depreciate the educational stock. Then they construct the human
capital series by multiplying the number of persons that are alive and the
particular school they completed with the years of education required for that

degree.

As been thoroughly explained in previous sections, education has the most
important impact on the economic growth performances of countries. Thus, we
expect education to have positive and statistically significant impact on the
growth performance of Turkey. We, therefore, choose to include this variable as
a knowledge indicator (proxy for) human capital in our analysis (particularly in

our knowledge index).

A Country’s Level of Domestic Innovation (P) is measured by using proxies

such as patent and R&D expenditure. As Smith (2005) underlines the number of
patents is a common proxy used because it is easy to measure and the patent
data is easy to access. Moreover, the time span of the patent applications is
longer than R&D data, therefore, we have selected the patent as a proxy for the

domestic innovation variable and used the series of World Bank (WDI).

Park and Ginarte (1997) conducted a cross-national analysis of economic
growth and patent rights. They found that general property rights have a positive
and statistically significant effect on economic growth. Hu and Png (2013) also
investigated whether patent rights fostered innovation and economic growth in
54 manufacturing industries of 72 countries between 1981-2000 period. They

found that stronger patent rights were associated with faster growth in more
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patent-intensive industries, and the effect was larger in higher-income countries.
Thompson and Rushing (1999) in their study for 55 on both developing and
developed during 1975-1990 period have found positive relationship between
patent and economic growth. Thus, in line with these studies we also expect
patents to have positive and statistically significant impact on the growth
performance of Turkey and hence we also consider this indicator as a proxy for

the domestic innovation dimension of knowledge.

Total number of telephone subscribers (C) including mobile phone

subscribers, is used to represent communications infrastructure. The data on
telephone subscribers are obtained from the TurkStat and Telecommunications

Authority.

When analyzing the impact of ICT on economic growth in a long time
dimension some researchers use ICT product/measure methodology due to data
constraints. That is they take one of the dimensions of ICT (e.g. IT
(hardware/software), = data  communication  (internet/broadband) and
telecommunication (telephone or mobile)) in their analysis.'” Due to similar
constraints, following Correa (2006) and Roéller and Waiverman (2001) we use
telecommunication dimension (telephone subscribers) to determine the impact
of ICT on economic growth. Both of these studies confirmed a positive and

significant effect of ICT on productivity.

In sum, considering the data limitations we only considered the
telecommunication sub-dimension as a proxy for communications infrastructure

(as a pillar of knowledge).

3.5.2. Unit Root Tests

Before estimating the production function with the yearly time series data from

1963 to 2010, it is essential to check for the presence of a unit root in each

108 See Kretschmer (2012) for more detail.
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series. Figure 3.9 provides the time plots of y; [=In(Y/L)], k¢ [=In(K/L)] and

KNIW. There is a visual evidence of nonstationarity in each series (Figure 3.9).

Table 3.5 provides the unit root test results. Both ADF and DF-GLS'” tests
yield similar results. As is clear from this table, for the levels of all the
variables, the null hypothesis of a unit root is not rejected at the 5% significance
level, including only constant term in deterministic components of the tests.
Furthermore, the null hypothesis of a unit root for the first differences of all
variables is rejected at the 5% significance level. Considering these results, it
can be stated that all variables contain a unit root. However, if we consider unit
root results with the inclusion of linear trend as a deterministic component, the
null hypothesis of a unit root -for the levels of all the variables- is not rejected at
the 1% significance level but rejected at the 5% significance level for y; and
KNIW,. Therefore, there is some evidence of the existence of deterministic
(linear) trend in these two variables. Fortunately, Johansen cointegration method

is capable for handling this empirical issue.

Nevertheless when we apply the Zivot and Andrews (1992) test to the data we
found unit roots with possible breaks at 1975, 1979 and 1996, respectively for y,
k and KNIW. Therefore we will also analyze the effect of structural change in
those years as well as in 1980 considering the developments in the Turkish

economy.

3.5.3. Cointegration Analysis

We use Johansen cointegration analysis (Johansen, 1995) for investigating the
long-run relationship between knowledge and output (growth).110 Considering

the possibility of linear trends in data and following Hendry and Juselius (2001),

1 The Elliott-Rothenberg-Stock (ERS) DF-GLS tests (Elliott et al.,1996) are considered to be
better (i.e. more powerful) than ordinary ADF tests (see for example, Zivot and Wang (2006)
and Enders (2010)).

"9 Johansen approach is more efficient than the Engle-Granger approach in the case of more
than two variables.
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the deterministic components of the VAR model is specified as constant term

entering unrestrictively and with no trend term in the cointegration relation.

Johansen cointegration tests; namely the Trace and Max tests suggest one
cointegration relation among the three variables in Equation (3.11) (see Table

3.6). Table 3.6 also provides the normalized cointegration vector.

Johansen method estimated the production function in Equation (3.11) as

follows:'!

y,=4.1910+0.5914 KNIW, +0.3974 k, (3.19)
(0.1418) (0.0708)

where standard errors are presented in brackets.

Equation (3.19) implies that the output per labor is positively affected by both

physical capital per labor and knowledge index. These findings are statistically

significant and consistent with theoretical expectations.112

"1 Considering the sample size, lag length of the VAR is chosen as 1. Residuals of the equations
of vector error correction (VEC) model are not serially correlated and homoscedastic at 5% and
satisfy normality at 1% level of significance. After examining the residuals plot of the equations,
we also re-performed the analysis by including an impulse dummy for 1994, to account for the
significant economic crisis. In this case (including 1994 impulse dummy), residuals are not
serially correlated, homoscedastic and normal at 5% level of significance. Estimated equation is
quite similar to that of equation (3.19).

"> Appendix 3B provides the sensitivity analysis of the main cointegration analysis provided in
this section with respect to the various structural changes suggested by Zivot and Andrews
(1992) test (see Section 3.5.2) as well as structural change due to policy change in 1980.
Appendix 3C checks the robustness of individual indicators of knowledge and then introduces
them together to the model for the sake of sensitivity.
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Table 3.5. Unit Root Tests

ADF Test DF-GLS Test
Variables Level First Difference Level First Difference
Without Trend With Trend Without Trend Without Trend With Trend Without Trend
Vi -1.0704 (0)* | -3.6344 (0) )*" -8.2537 (0)* 1.1518 (0) | -3.4266 (0)*"® -8.3375 (0)*
k¢ -2.4703 (0) -1.0787 (0) -5.2510 (0) * -0.2111 (2) -0.8158 (0) -5.6709 (0)*
KNIW; 0.01832 (0) -3.6023 (1) * -5.9158 (1) * 1.6291 (0) -3.3598 (1)* -5.9842 (1)*

? The optimal lag chosen by SBC (Schwarz Bayesian Criterion) are given in parentheses. The maximum lag length is 2. SBC is recommended by ERS (1996)

for selecting lag length (Also see Enders (2010:241)). PThe asterisk indicates the rejection of null hypothesis (i.e. the existence of unit root) at the 5%

significance level.




Fully Modified Least Squares (FM-OLS) method (Philips and Hansen, 1990)

provided similar results:'"

y, =4.0134+0.4731 KNIW, +0.4244 &, (3.20)
(0.1567) (0.0857)

. 114
where standard errors are presented in brackets.

Table 3.6. Johansen Cointegration Analysis Results

Cointegration Tests

Eigenvalue 0.416716 0.117626 0.021231
Null Hypothesis r=0 r<l1 r<2
Trace Statistic 32.22694* 6.890156 1.008623
Max-Eigen Statistic 25.33679% 5.881533 1.008623

Cointegration Vector
Vi k¢ KNIW, Constant

1 -0.3974 -0.5914 -4.1910

Note: r denotes cointegration rank (the number of cointegration relation). The * indicates the

rejection of null hypothesis at the 5% significance level.

'3 The FM-OLS approach takes into consideration the endogenity problem and non-stationary of the

data (Philips and Hansen, 1990). Finally, note that the OLS method has provided quite similar results
but unsurprisingly the estimates are not as close as the estimates of Johansen and FM-OLS techniques.

14 Newey-West standard errors are used. Residuals are normal.
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As before, these findings are statistically significant and consistent with theoretical

expectations.

Both Johansen and FM-OLS methods yield similar estimates for Equation (3.11) and
they are consistent with the theory. Thus, we can confidently conclude that
knowledge has a positive impact on the Turkish economy during the 1963-2010

period.

3.5.4. Impulse Response Analysis

In order to investigate the short-term dynamics of the production function model, this
section provides the impulse response analysis. Figure 3.10 provides the generalized

impulse response functions of y; and k; to a positive unit shock in KNIW.'*?

As is seen from the upper panel of Figure 3.10, y; is initially negatively affected from
an increase in KNIW. However, y; is eventually positively affected from KNIW.
That is, in the end a rise in the level of knowledge has favorable effects on output per
worker. This result clearly shows the importance of the absorptive capacity. It takes
time for the economy to establish the necessary infrastructure so as to absorb the new
knowledge (or technology). This is consistent with the theoretical arguments that we
have mentioned before (see Chapter 2): improvements in TFP (here, via knowledge
indicators) is not “manna from heaven” but requires deliberate policy actions and is

available at a cost.

Lastly, as can be seen from the lower panel of Figure 3.10, the dynamic effects of a

rise in KNIW on k; is not favorable. This result is also in line with the theory since

"5 We preferred generalized impulse responses rather than the ones based on Cholesky

(orthogonalized) innovations because generalized impulse responses are not sensitive to the ranking of
the variables within the model (Peseran and Shin, 1998).
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higher level of knowledge (or a rise in total factor productivity) requires less capital

per labor to produce same output.

Unlike much of the literature, which generally considers a single dimension of
knowledge, such as human capital, we consider several dimensions of knowledge
together. Thus, the key contribution of this study is that it gives us the opportunity to
analyze the effect of knowledge diffusion channels together on the economic growth
performance, which would otherwise be impossible due to the high collinearity
between the variables. Secondly, to our best of knowledge, it analyzes the impact of
various knowledge diffusion channels together for the first time in Turkey. Last, but
not least, it has clearly shown that absorptive capacity is crucial to fully utilize the
knowledge stock available in the economy and it takes time to see the returns of
knowledge. Taken together, designing policies and programs that entail knowledge
factors should envisage creation of an economic environment that is conducive to

enhance the level of knowledge and hence long run economic growth in Turkey.

In order to shed more light on these results, in the following chapter we investigate
the economic impact of knowledge at micro level to see the spillover effect it has on
the productivity of manufacturing firms in Turkey using firm level panel data from

2003-2010.
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CHAPTER 4

THE IMPACT OF KNOWLEDGE ON THE PRODUCTIVITY LEVEL OF
FIRMS: A MICROECONOMIC ANALYSIS OF THE TURKISH
MANUFACTURING SECTOR

A macro level analysis enables us to investigate the impact of knowledge on
productivity by providing an insight on how knowledge indicators contribute to the
economic growth of the overall economy. On the other hand, a micro (or firm) level
analysis provides a “great deal of variability that occurs at lower levels, and that
macro statistics often mask” (ONS, 2014: 142). Hence, micro data gives us the
opportunity to analyze the relationships between determinants of growth

(productivity) and knowledge indicators more closely.

Productivity is vital for the existence of firms. In other words firms with higher
productivity have higher revenue growth and thus, lower probability of future exit.
So, the level of productivity determines the success and hence the mere existence
(survival) of firms. Therefore, majority of the firm level studies have focused on

16 These factors are either firm

factors that contribute to the growth of productivity.
specific (for example, size, human capital, R&D investment etc.) or external (for
example, industry specific characteristics such as labor mobility, degree of
concentration and institutional background) or both. For example, Griliches (1992,
1994) points to human capital, economies of scale and industry specific factors as the

main determinants of firm level productivity.

16 See, for example, Romer (1990), Grossman and Helpman (1991) and Cohen and Klepper (1991
and 1992).
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In terms of catch-up, we have arguments similar to the ones that we have analyzed in
the cross country analysis (see Chapter 2/Essay 1). On the one hand the argument is
that growth rates of firms will eventually converge as new knowledge will be
diffused to the follower firms. For example, Findlay (1978) argues that the higher the
technological distance of follower firms from leader firms the faster the improvement
will be in their productivity because there is so much to catch-up.''” On the other
hand, researchers such as Cohen and Levinthal (1990) argue that firms that are more
similar to the leader, both in terms of technological knowledge and skills, will
engage in similar R&D activities and will reach the productivity level of the leader

much faster than the other (backward) followers.

There are only few studies that have investigated the relationship between the
knowledge indicators and the economic growth performance of the firms in the
manufacturing sector in Turkey. One of the most recent and thorough studies on the
Turkish manufacturing sector is by Ulkii and Pamuk¢u (2015), who have
investigated the impact of R&D and knowledge diffusion channels on the
productivity of the Turkish manufacturing firms during the 2003-2007 period, using
the Industry and Service Statistics database of the Turkish Statistical Institute
(TurkStat). The results of this study indicate that an increase in R&D intensity leads
to an increase in the productivity levels of firms that have technological capability
above the threshold level. That is, the level of technological capability of firms
determines both their ability to use the available R&D knowledge and their ability to
undertake new R&D activities. Thus, we attempt to take Ulkii and Pamukcu’s (2015)
study one step further by utilizing a more comprehensive dataset, established by
using three different data sets of TurkStat, i.e. the Industry and Service Statistics
database, the Foreign Trade database and the R&D database for the 2003-2010
period. This is an important departure from Ulkii and Pamukcu (2015), that is, the

R&D data that we will use in our analysis is compiled according to the Frascati

"7 As the follower firms Findlay (1978) considers domestic firms and he considers foreign firms as
the leader firms, in our study we will use a different distinction.
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Manual.'"® Our second departure will be the time period of our dataset which covers
a longer time period -from 2003 to 2010- we believe that this will give us better
insight on the R&D performance of firms in the Turkish manufacturing sector. This
is important since as underlined by Mairesse and Kremp (1993) our understanding of
productivity improves with the quality, relevance and scope of our data. Therefore,
we hope that our new dataset will provide a better insight on the relationship between
various factors of knowledge and the productivity of firms in the Turkish

manufacturing sector.

The remainder of the chapter is organized as follows: The following section
introduces an overview of the manufacturing sector of Turkey. Section 4.2 provides a
literature review on theoretical and empirical studies followed by Section 4.3 which
introduces our model and the empirical results. Finally, Section 4.4 provides the

concluding remarks.

4.1. The Turkish Manufacturing Industry

The manufacturing sector has been one of the most important drivers of the Turkish
economy. As can be seen from Figure 4.1 the share of manufacturing sector in GDP
has been generally above 20% with the exception of crisis periods. In 2014, the
manufacturing sector accounted for 24.2% of total GDP. The subsectors of the
manufacturing sector have experienced substantial transformation''” between 1996
and 2008. Especially due to competitive pressure coming from India and China, the
share of garments, textile products and food decreased while the share of
automotives, machinery, white goods, electronics, petroleum products and rubber-

plastic products in the total manufacturing industry increased considerably.

"8 The R&D data Ulkii and Pamukcu (2015) have used is from the Industry and Service Statistics
database.

"9 The manufacturing sector has been transformed from low technology -driven sectors to relatively
higher technology- driven sectors.
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The manufacturing sector has also had the largest share in the foreign trade of
Turkey. As can be seen from Figure 4.2 even though the share of manufacturing in
total trade has decreased during the 1998-2014 period, its share is still well above
80%. Thus, this sector continues to be the main engine of the Turkish economy. The
distribution of the exports according to manufacturing sub sectors, provided in
Appendix 4A, gives us a clear indication of the substantial transformation in the
manufacturing sector during the last 30 years. However, there is also the other side of
the coin. One of the most important problems in this sector is the high dependence on
imported inputs, so rather than using domestic inputs imported inputs are used,

especially by big manufacturing companies.
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Figure 4.1 Share of Manufacturing Sector in GDP (%)™

120 Prepared by the author using the information in www.tiiik.gov.tr.
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As can be seen from Table 4.1 the textile and leather (33%), metal products (11%),
food (10%) and machinery (9%) are the largest sub-sectors in the manufacturing
sector measured by the employees. This slightly changes when we look at the
distribution of the number of employees in terms of foreign ownership.'?' In terms of
foreign ownership the largest share is in textile and leather (15%), chemicals (13%),

metal (11%), food (11.7%) and transport (11.6%) (see Table 4.1).

The total number of firms in the manufacturing sector has significantly increased
from 2003 to 2008 from approximately 13.000 to 19.000, and in 2009 -mainly due to
the global financial crisis- this number has decreased approximately to 16.000 (see
Table 4.2). As can be seen from Table 4.2 the main impact of the 2008 global crisis
has been on domestic firms which have decreased from approximately 18.000 in
2008 to 15.000 in 2009. The decrease in the number of foreign firms has been less

drastic compared to the domestic firms (see Table 4.2).
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Figure 4.2 Share of Manufacturing Sector in Foreign Trade (%)"**

2! In our sample firms that have more than 10% foreign share are considered as foreign firms.
122 prepared by the author using the information in www.tiiik.gov.tr.
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Figure 4.3 provides the share of firms in the sub sectors in the Turkish manufacturing

sector. 123

As can be seen with 35.1% the textile and leather sector is the largest sub
sector in the manufacturing sector followed by metal products (11.6%), food
(10.7%), machinery (8.9%), minerals (7.5%), transport (6.3%), plastic (6%), paper
and publishing (5.9%), electrical (4.5%), chemicals (3.3%), coke and petroleum

(0.2%) and recycling (0.1%).

Table 4.1. Percentage Share of Employees in Sectors Firms over the period
2003-2010 (Foreign, Domestic and Total)

Sectors Domestic Foreign Total

Food 9.8 11.7 9.8
Textile_leather 34.0 14.6 33.3
Paper_publishing 5.6 4.9 5.5
Coke_petroleum 0.1 0.4 0.2
Chemicals 2.7 12.8 3.1
Plastic 5.7 8.0 5.8
Mineral 6.8 5.9 6.8
Metal 10.9 9.5 10.8
Machinery 8.7 7.7 8.7
Electronics 4.2 7.7 4.3
Transport 5.6 11.6 5.8
Furniture 5.7 4.0 5.6
Recycling 0.1 0.1 0.1

Source: Prepared by the author using the Industry and Service Statistics database.

Table 4.4 also provides information with regards to the distribution of firms
according to the subsectors in 2010. As has been mentioned previously majority of
the firms in manufacturing sector are engaged in textile and leather sector (4611)

followed by metal (1815), food (1804), machinery (1371), minerals (1211), plastic

123 The sub sectors of the manufacturing sector are formed using Nace 1.1 provided in Table 4A.1 of

the Appendix section.
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(980), paper and publishing (911), transport (876), electronic/electrical machines and
devices (719), chemicals and products (488), recycling (27) and coke and petroleum
(26).

In terms of foreign ownership, the share of foreign firms active in the Turkish
manufacturing sector is approximately 11% of the firms engaged in the
manufacturing sector (see Table 4.3). As can be seen from Figure 4.4 and Table 4.4,
the share of foreign firms is the highest in the chemicals and products (19%),
transportation vehicles (9%), coke and petroleum (7.7%) and electronic (7%) sub-

sectors.

The total number of R&D performing firms in the manufacturing sector has
increased from 1,426 in 2003 to 1,837 in 2006 then remained at a steady level until
2008 and decreased in 2009 and stayed approximately at the same level in 2010 (see
Table 4.3).

When we analyze R&D conducting firms at sub-sector level, in 2010, coke-
petroleum, chemicals, electrical and machinery sub-sector are the leading sectors in

terms of their share within the firms actively engaged in R&D (see Table 4.4).

Table 4.2 Number of Firms in the Manufacturing Sector from 2003 to 2010

Year Domestic Foreign Total
2003 12498 530 13028
2004 14610 606 15216
2005 18069 654 18723
2006 18623 804 19427
2007 18264 795 19059
2008 18276 759 19035
2009 15291 691 15982
2010 15100 682 15782

Source: Prepared by the author using the Industry and Service Statistics database.
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Table 4.3 Number of R&D Performers in the Manufacturing Sector from 2003
to 2010

Year Domestic Foreign Total
2003 1267 159 1426
2004 1420 178 1598
2005 1612 173 1785
2006 1631 206 1837
2007 1639 210 1849
2008 1651 199 1850
2009 1597 184 1781
2010 1587 180 1767

Source: Calculated by the author using the R&D database of TurkStat.

As can be seen from Table 4.5, 9.2% of the firms engaged in R&D are foreign firms.
In 2010, the share of R&D conducting foreign firms was highest in the chemicals
(22%), transport (20%) and food (17%) sub-sectors (see the last column of Table
4.4). In terms of domestic R&D firms, machinery, electronic, metals, textile and
leather are the main sub-sectors that domestic conducting firms are engaged in R&D

activities.

Table 4.5 indicates that during the 2003-2010 period on average 37.9% of the R&D
firms conducted in house R&D. Percentage of foreign firms that conducted in house
R&D annually was much higher than the domestic firms during the same period
(96% and 67% respectively). Moreover, during the same period, foreign firms seem
to be much better at taking advantage of knowledge diffusion channels —i.e. licensed
technology stock per labor- than domestic firms. The percentage share of foreign
firms that licensed technology during the same period was 78.4% whereas the share

of the domestic firms that licensed technology was 56.2%.
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24 Calculated by the author using the Industry and Service Statistics database.

125 Calculated by the author using the Industry and Service Statistics database.
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Table 4.4 Distribution of Firms and R&D Performer Firms in Sub-Sectors in 2010

All Firms R&D Performer Firms

Sub Sectors Domestic Foreign Total Domestic Foreign Total

Number % Number % Number % |[Number % Number % Number %
Food 1717 11.37 g7 12.76 1804 11.43 119 82.07 26 17.93 145 8.04
Textile-Leather 4530 30.00 g1 11.88 4611 29.22 147 93.63 10 6.37 157  3.40
Paper-Publishing 877 5.8l 34 499 911 5.77 33 94.29 2 571 35 3.84
Coke-Petroleum 24 0.16 2 029 26 0.16 8 88.89 1 11.11 9 34.62
Chemicals 394 2.61 94 13.78 488 3.09 126 77.78 36 22.22 162 33.20
Plastic 922 6.11 58 8.50 980 6.21 112 90.32 12 9.68 124 12.65
Minerals 1174 7.77 37 543 1211 7.67 96 90.57 10 9.43 106 8.75
Metals 1743 11.54 72 10.56 1815 11.50 182 94.30 11 5.70 193 10.63
Machinery 1321 875 50 7.33 1371  8.69 360 95.24 18 4.76 378 27.57
Electrical 669 4.43 50 7.33 719  4.56 197 92.49 16 751 213 29.62
Transport 794 5.26 82 12.02 876 5.55 125 79.62 32 20.38 157 17.92
Recycling 27 0.18 o 0.00 27 0.17 2 8207 0 0.00 2 8.04
TOTAL 15100 96 682 4 15782 100 1507 90 174 10 1681 100

Source : Calculated by the author using the Industry and Service Statistics database and the R&D database of TurkStat.




€01

Table 4.5 Percentage share and mean values of some variables across various groups of firms (2003-2010 period)

Domestic | Foreign Domestic Foreign
R&D firms | Non R&D R&D R&D non-R&D | non-R&D
Number of observations 18903 150941 17061 1811 142575 4522
Number of firms 2438 16667 2207 225 15890 529
Foreign firms (%) 9.2 3.2 0.0 100 0.0 100
Firms conducting R&D (%) 100 0.0 45.3 54.7 0.0 0.0
Firms conducting in-house R&D (%) 37.9 0.0 36.3 52.7 0.0 0.0
Firms engaging in trade (%) 92.3 68.3 91.7 97.5 67.3 93.5
Firms licensing technology (%) 58.4 43.5 56.2 78.4 41.8 63.5
In house R&D/total R&D (%) 68 0.0 65.7 96 0.0 0.0
In house R&D/Labor (TL) 2492.6 0.0 2288.2 4317.2 0.0 0.0
In house R&D/revenue (%) 0.7 0.0 0.7 0.9 0.0 0.0
Technological capability (%) 23.2 0.1 21.6 38.0 0.1 0.2
Licensed technology/labor (TL) 1202 713 1221 1908.8 662 2296
Foreign ownership share (%) 9.2 3.2 0.0 29.8 0.0 70.2
Import/revenue (%) 46 23 43 75 23 51
Export/revenue (%) 36 24 38 18 25 25
Value added/labor (1000 TL) 62 32 57 106 31 88
Revenue/labor (1000 TL) 224 131 206 374 125 329
Labour 271 74 230 648 41 167
Depreciation allowance/labor (TL) 6902 3198 6439 1087 2995 9782
Herfindahl index (%) 4.5 34 4.4 5.4 3.3 4.6
Source : Calculated by the author using the Industry and Service Statistics database, the Foreign Trade database and the R&D

database of TurkStat.




When we compare R&D firms (both domestic and foreign) to non-R&D firms we
see that firms that have been engaged in R&D have performed better in terms of
revenue per labor, technological capabilities and international trade (export plus

imports) during the 2003-2010 period.

In terms of foreign trade performance, R&D conducting domestic and foreign firms
have been involved in international trade more than non-R&D conducting firms
during the 2003-2010 period. Moreover, in terms of utilizing the knowledge
diffusion channels R&D firms have performed much better than the non R&D
firms: the share of R&D firms that licensed technology was 58% while it was 44%
for non-R&D firms. Similarly the R&D firms performed better in terms of
technological capabilities compared to the non-R&D firms. As can be seen from

Table 4.5 this is more apparent in the case of foreign firms.

In order to enhance R&D activities, Turkey prepared the “Vision 2023 Technology
Foresight Program” with an aim to build a Science and Technology vision for
Turkey, determine strategic technologies and priority areas of R&D, formulate
S&T policies of Turkey, increase the spectrum of stakeholders involved in the
process and create public awareness on the importance of S&T for socio-economic
development (TUBITAK, 2004). Out of the nine sectors covered in the program'*®
five of them are manufacturing subsectors. With respect to the manufacturing
subsectors it contains very ambitious targets for 2023. For example, it foresees
Turkey to become the most preferred machine manufacturer in the world, i.e. the

target is to secure 2.63% share of the global machinery market by 2023.

126 . . . . .

These nine sectors are information and communication, energy and natural resources, health and
pharmaceuticals, defense, aeronautics and space industries, agriculture and food, manufacturing and
materials, transportation and tourism, chemicals and textiles and construction and infrastructure
sectors.
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4.2. Literature Review

In the literature, the analysis of the impact of knowledge on firm productivity
generally focuses on the relationship between R&D activities of firms and their
productivity level. The widely acclaimed studies by Aghion and Howitt (1992,
2008), Grossman and Helpman (1991) and Romer (1990), provide evidence on the
strong relationship between knowledge variables and productivity. These studies
view knowledge as an important input in the process of endogenous growth. Thus,
following Aghion and Howitt (1992), Grossman and Helpman (1991), Cohen and
Klepper (1991 and 1992), and Romer (1990) majority of the studies on knowledge

and the productivity of firms consider R&D as the main source of knowledge.

Basically, the argument in this strand of the literature is that profit maximizing
firms would invest in R&D activities to attain higher productivity (or growth) via
new innovations or new products in the market. That is, R&D and thus innovation
are seen as the engines of firm productivity. For example, Aghion and Howitt
(1992), Loof and Heshmati (2002), Hall and Mairesse (1995), Mairesse and Mohen
(2005) and many others predict that long run growth rate of firms should be
positively correlated with R&D productivity. Moreover, Cohen and Levinthal
(1989) point R&D as the key indicator that shapes the absorptive capacity of the
firm, via increasing its ability to “identify, assimilate, and exploit knowledge from

the environment” (Cohen and Levinthal, 1989:569).

Thus, unsurprisingly, studies that have followed these seminal studies have focused
on factors that enhance the R&D capabilities of firms. Firm size, FDI, technological
opportunities in the industry, such as flow of patents, R&D spillovers,
technological licensing have been analyzed and majority of studies have found that
these factors had, directly or indirectly, a positive impact on the R&D levels,

volume and activities of firms.'>’

127 See Klette and Griliches (1998) for more detail.
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However, some studies have questioned this dominance of R&D in the literature in
analyzing the productivity levels of firms. For example Crépon et al. (1998) and
Blundell et al. (1993) argue that when R&D is considered by itself, there is the
danger of loosing the impact of other activities (such as purchase of new
machinery) in the analysis. Moreover, Crépon et al. (1998) find that different
factors affected the outcomes of different types of innovation. That is, while R&D
had a positive impact on firms’ ability to introduce new products, firm’s investment

in fixed capital determined its ability to introduce process innovations.

Furthermore, compared to the macro strand, in the micro strand of the endogenous
growth literature the impact of human capital as a knowledge variable is generally
considered indirectly, i.e. it is considered as a precondition for R&D performance.
There are only few studies that consider human capital along with R&D in
analyzing the productivity performances of firms. For example, Ballot et al. (2002)
in their study on the productivity of French and Swedish firms have included
human capital as well as R&D in their model. They have found that human capital

contributes positively to the productivities of both French and Swedish firms.'*®

Considering foreign trade, usually firms in industries open to trade are considered
to have an information advantage'*’ over other firms that produce and sell mainly
for the domestic market. Moreover, knowledge spillovers'*® from international

markets provide firms with the opportunity to improve their products and become

128 Ballot et al. (2002) have also included an interaction between human capital and R&D into their
model.

'2 For example, firms that are engaged in international interactions have the chance to receive
know-how via imported goods or feedbacks from foreign markets on the exported products that
could lead to further improvement of products or in some cases the feedback can result in a process
innovation.

0 Such as foreign know-how that is transmitted via the imported goods whether they are
intermediate inputs or final consumption goods.

106



more competitive against both domestic and foreign rivals (Forbes and Wield,

2000).

As can be noticed these are the factors that shape the technological capabilities of
firms which determines firms’ proximity to the leading firm(s) and thus their
capability to catch-up with the leading firms. That is, only firms that are more
similar to the leader firms in terms of the level of knowledge would engage in
similar activities to increase their productivity. Thus, we can say that the degree of
heterogeneity among firms determine their catch-up efforts. For example, Loof and

1! as the main factor

Heshmati (2002) have found that knowledge capita
determining the heterogeneity among the firms. Thus, the catch-up indicators we
will utilize in our essay will also give us an idea about the extent of heterogeneity

of firms in the Turkish manufacturing sector.

To our knowledge there are only few studies on the impact of knowledge on the
Turkish economy and majority of these studies have investigated the relationship

between R&D and growth on the Turkish manufacturing sector.

As indicated previously the most recent study is by Ulkii and Pamukcu (2015)
which has investigated the impact of R&D and knowledge diffusion on the
productivity levels of the firms in the Turkish manufacturing sector during the
2003-2007 period. They have found that factors such as foreign ownership,
technology licensing, R&D intensity and industry level R&D spillovers increased

productivity of the firm depending on its level of technological capability.

One other recent study is Kalaycit (2012) which, using firm-level data from
TurkStat analyzed the impact of R&D on productivity of firms in the Turkish
manufacturing sector. She investigated whether conducting R&D helps the lagging

B! Loof and Heshmati (2002) define knowledge capital as “innovation output measured as the
percentage of innovation sales to total sales” (Lo6f and Heshmati, 2002:63) which is different from
the definition of knowledge employed throughout this thesis.
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firms to attain sector leaders’ productivity level. In contrast to Ulkii and Pamukcu
(2015) she found that foreign ownership had no statistically significant effect on
R&D intensity; and while foreign knowledge spillovers exerted a negative effect on
R&D in the short-run, their effect became positive in the long-run. The R&D
subsidies affected firms’ productivity positively while the firm size affected it
negatively. Moreover, she found that the effect of R&D and skill on productivity
was positive and significant, while the effect of R&D on technical efficiency was
negative. The knowledge spillovers on the other hand exerted a positive effect on

the technical efficiency of the firms.

Lenger and Taymaz (2006), in their seminal study on the Turkish manufacturing
sector, found that R&D intensity promoted innovation which, in turn, increased
output and foreign firms transferred technology from abroad more than their
domestic counterparts. Similarly, Pamukcu and Erdil (2011) have also found that
subsidiaries of multinational companies in Turkey collaborated on R&D projects
with other affiliates of the parent company located abroad and transferred new
technology from their R&D centre. However, just like Kalayci (2012), Lenger and
Taymaz (2006), Ugdogruk (2009) and Taymaz and Ucdogruk (2009) found that
there were no R&D spillovers from foreign firms to domestic firms and foreign

ownership had no significant effect on R&D intensity.
4.3. The Model

In this section we will follow Ulkii and Pamukgu (2015) and extend their analysis
on the impact of R&D and knowledge diffusion on the productivity of
manufacturing firms in Turkey by using a more comprehensive dataset covering the
2003-2010 period. Thus in the remainder of this section first we will introduce
Ulkii and Pamuk¢u’s (2015) model and estimate the model with a new dataset for

the period 2003-2010.
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Ulkii and Pamukcu (2015) utilized a standard Cobb-Douglas production function
where aggregate output is modeled as a function of an endogenous technological

innovation, capital stock and labor as follows:

Y. = A K?L%! (4.1)

where Y/, is output of firm i at time t, A is technology level of firm i at time t, K is physical

capital of firm i at time t and L is labour input of firm i at time t.

Equation (4.1) implies that firms’ growth rate of output is related to the growth
rates of technology level stock (A,) and capital stock (K;). Technology level is

modeled as follows:

A‘t = f(’;t’ t’;t’ f07§,, rsit’ rsfar,it’ tliz) (4-2)

where 1; is in-house R&D stock per labour for firm i at time t, tr; is trade in goods and
services for firm i at time t, for; is share of foreign ownership for i at time t, rs; is R&D
spillovers from other firms from the same four digit industry for firm i at time t, rSg,j is
R&D spillovers from foreign firms from the same four digit industry for firm i at time t and

tl;; is technology licensing for firm i at time t.

Then Equation (4.1) is divided by labor and after taking natural log (and

incorporating Equation (4.2)) the following equation is obtained:
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yit = aflkit +a2’;t +%trl"t +6U4f0’;t +a’5rsit +a6rsfor,it +a7tlit (43)

where y; is labour productivity firm i at time t, k; is per labour physical capital stock of

firm 1 at time t and rest of the variables are as defined earlier.

Cohen and Levinthal (1990) and Yasar (2013) along with many other researchers
argue that the absorptive capacity and technological capability are important
determinants of higher rates of firm productivity, since these capabilities are the
determinants of better utilization of firms’ own R&D and diffusion channels.
Departure of Ulkii and Pamukgu (2015) is that they have incorporated technological
capability (tc) variable into their model to investigate whether this argument holds

for the firms in the Turkish manufacturing sector.

Then Ulkii and Pamukcu (2015) have completed the model by adding the indicators
of technological capability, Herfindahl index and interaction terms between per
labour in-house R&D stock and technology catch-up, between share of revenue and
technology catch-up, between per labour licensed technology stock and technology
catch-up, between per labour R&D spillovers and technology catch-up and between
per labour R&D spillovers from foreign firms and technology catch-up and industry

and year dummies as follows:

Vi =0+ Ok, +0ur, +04tr, + 0, for, + 061, + Ogrs ., + 05, +0gic;, +agherf,
+04,(r _tc), +a (tr _tc), +04,(tl _tc), +04,(rs _tc),

+ay, (15, _tc), + Bind + B yr 44)

where herf; is the herfindahl index, tc; is the technological capability firm i at time t, r_tc;
is an interaction terms between per labour in-house R&D stock and technology catch-up,

tr_tcy is an interaction term between trade share of revenue and technology catch-up, tl_tc;
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is an interaction term between per labour licensed technology stock and technology catch-
up, rs_tc; is an interaction term between per labour R&D spillovers and technology catch-
up, Isfr_tC; 1S an interaction term between per labour R&D spillovers from foreign firms
and technology catch-up, ind is industry and yr is year dummies that are included to take
into account heterogeneity across industries and common shocks to firms and the other

variables are as defined before.

By following Yasar and Morrison (2012) and Kokko (1994), Ulkii and Pamukg¢u
(2015) have introduced all the diffusion channels, in-house R&D, Herfindahl index
into the production function through an innovation function so that these variables

serve as shift variables.

4.3.1. Definitions and Data Sources

In this sub-section we provide the definitions and the sources of data that we will

use in our analysis.

Labour productivity (v) is the total value added per labor and is calculated as the

log of deflated manufacturing industry revenue per labor as follows:
y = log[((Myev/sec_def)x100)/E]

where M., is the revenue obtained from the sales of the manufacturing sector products,
sec_def is the sector deflator (2003=100) at four digit industry level and E is the number of

employees.

Physical capital (k) is the depreciation allowance (proxy of physical capital stock)

per labor and is calculated as the log of depreciation divided by labor as follows:
k =log [((dep/sec_def)x100)/E]
where dep is depreciation and the other variables are as defined earlier.
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In-house R&D stock per labour (r) is the total in-house R&D expenditure per

labor and is calculated as the log of stock of total in house R&D expenditure of

firms divided by labor.

Following Griliches (1980), in order to evaluate firms’ R&D efforts, Ulkii and
Pamukcu (2015) rather than using flow variables have preferred to use stock
variables since the latter is a better proxy because the impact of R&D efforts
persists over several years. We will follow them and calculate all the stock

values'** by using the perpetual inventory method as follows:

1. The initial level of stock is calculated using the following standard formula:
RSt_l = Rt / (1‘8)

where Rs, is the initial R&D stock, R, is the R&D expenditure at time t, r is the 4 digit
sector level average growth rate of R&D flow and 6 is the depreciation rate (assumed to be

15%).

il. Then the R&D stock for the following years is calculated using perpetual

inventory method as follows:
RSt = Rt + (1-6) RSt_l

where Rs,is the R&D stock at time t and the other variables are as defined before.

We do expect positive impact of in-house R&D stock on the firms’ productivity

growth.

32 That is, the stock variables of the R&D and technology diffusion.
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Herfindahl index (herf) is the measure of market concentration and helps us to

measure the competition level in the market.'” It is defined as the sum of the
squared market shares of firms in the sector at the four digit industry level. Market
share is the total product stock ready for sale share of a firm in its four-digit

industry level.

A low level of market concentration indicates high competition, i.e. there are many

firms in the market.

Trade in goods and services (tr) is calculated as the share of revenue from foreign

trade in total revenue and foreign trade is the sum of exports and imports of goods
and services. If a firm engages in foreign trade as an exporter than that firm would
have higher incentive to improve its ability to compete. Moreover, imports could

also contribute to the competitiveness of the firm via the imported know-how.

Share of foreign ownership (for) is the ratio of foreign capital to total capital.

Foreign ownership could either have a negative effect or a positive effect'® or in
some cases even no effect on productivity. In case the local affiliate is at production
stage under the name of the parent firm, we expect a negative relationship
(Tandogan, 2011), but if it has started R&D activities, the foreign owner may back

it up and we could see a positive relationship.

R&D spillovers per labor (rs) is calculated as the stock of four digit industry level

R&D expenditure of all firms (excluding firms’ own R&D stock) divided by labor.

Licensed technology stock per labor (tl) is the licensed technology stock per

labour. It is calculated as the stock of total intangible assets acquired by firms,

133 See Sun (2010) and Wiel (2010) for more detail.

134 See, for example, Fu (2008), Lin and Yeh (2005), Karray and Kriaa (2009) and Kathuria (2010)
for more detail.
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including technology licenses, patents, software and other intangible assets, divided

by the number of employees.

R&D spillovers from foreign firms per labour (rsg,) is the stock of industry

level R&D expenditure of firms with a foreign ownership of 10% and above at the
four digit industry level (excluding firms’ own R&D stock) divided by number of

employees.

Technological capabilities (tc) is the in-house R&D stock of the firm divided by

highest in-house R&D stock in the same four digit industry.

As indicated before, the model (Equation 4.4) also includes interaction terms to
determine whether those firms closer to the leading firms in terms of technological
capabilities can catch up the leaders faster than the firms that are lagging behind in

terms of technological capabilities. These catch up (interaction) terms are;

. an interaction term between per labour in-house R&D stock and

technological capabilities (r_tc);

. an interaction term between trade share of revenue and technological

capabilities (tr_tc);

. an interaction term between per labour licensed technology stock and

technology catch-up (tl_tc);

. an interaction term between per labour R&D spillovers and technological

capabilities (rs_tc);

. and an interaction term between per labour R&D spillovers from foreign

firms and technological capabilities (Sor ).
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Ulkii and Pamukcu (2015) have used the Industry and Service Statistics Database in
their analysis. As noted before, we will depart from their study by establishing a

new dataset as explained below.

Three surveys from Turkish Institute of Statistics (TurkStat) will be used in this
study, namely; the R&D, Foreign Trade and Structural Business Surveys (SBS).
The three surveys were matched at firm level. The most important aspect of this
new data set is that we will use R&D data that has been compiled according to the

Frascati Manual.'®

As can be seen from Figure 4.7 the data for the three surveys were provided
separately for each year in a different data base. Therefore before matching the
three different surveys, first the survey of each year in the R&D survey data was
combined (appended) by firm id from 2003 to 2010. The key for each firm
provided by TurkStat to link all data files to one another was called
‘ARGEYIIDISTIC’. The same key was provided in the SBS survey data as well.
After combining (appending) the other two surveys from 2003 to 2010, first the
combined SBS survey data was merged with the combined R&D survey data using
‘ARGEYIIDISTIC’ and year as the key identifiers. Table 4.6 provides yearly

information on the number of firms that participated in each survey.

Later this “merged file” of the two surveys was further merged with the foreign
trade survey using firm id and year as the key identifiers. The firms that did not
have counterparts in all three surveys were dropped. Since the aim of the study is to
analyze the manufacturing sector, only the data on firms that were active in this
sector were kept, the other sectors were dropped. Moreover, firms that had less than

20 employees were dropped because TurkStat does not visit all of these firms and

'3 The Frascati Manual defines R&D as “creative work undertaken on a systematic basis in order to
increase the stock of knowledge of man and society, and the use of this stock in order to devise new
applications” (OECD, 1993:29).

115



instead interpolates some observations based on collected observations (due to

financial and time constraints).

SBS SURVEY DATA R&D SURVEY DATA
2003-2010 2003-2010
SBS 2003|BBS 2004]|EBS 2005 [RD 2003| [RD 2004 |RD2005]
SBS 2006 |[SBS 2007][SBS 2008 [RD 2006] RD2007][RD2008]
SBS 2009]EBS 2010
DATA

2003-2010

T

FOREIGN TRADE DATA
2003-2010

[FT 2003][FT 2004]FT 2005 |

[FT 2006 ET 2007]FT 2008 |

Figure 4.5 Data Structure

To see the differences between the subsectors of the manufacturing sector, sector
dummy variables were generated following the NACE (Nomenclature générale des
Activités économiques dans les Communautés Européennes” (Statistical
classification of economic activities in the European Communities). TurkStat has
used NACE revision 1.1 classification until 2009 and from 2009 onwards it has
switched to NACE revision 2 classification. Therefore, in order to prevent any
mistakes related to the NACE switch, by using a correspondence table of NACE
1.1 and NACE 2 classification we created a new variable and classifications for

each year was in the form of NACE 1.1 classification.*® Then, to determine the

le of Nace 1.1 and Nace 2 used in our study.
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subsectors that the firms were in we took the mode of the four-digit industry codes
listed for each firm and assigned the firm to the mode of subsectors that it was
active in. The subsector dummies are important because the subsectors vary from
one another in terms of knowledge bases; for example chemicals provide higher
opportunities for R&D than textiles. Thus, by using the sector dummies we will
take account of these technological opportunities between the subsectors. Time
dummies were also included to capture technological advancement and

macroeconomic factors affecting all firms.

Table 4.6 Total Number of Firms in Each TurkStat Survey

Year SBS Survey R&D Survey Foreign Trade
Survey
2003 77592 840 62945
2004 78463 869 69476
2005 63304 1540 74422
2006 85016 1598 78133
2007 83963 2031 87749
2008 82662 2379 85910
2009 99921 3101 83670
2010 106715 3610 87610

Source: Prepared by the author using the Industry and Service Statistics database, the
Foreign Trade database and the R&D database of TurkStat

In our empirical analysis, the data for R&D variables is obtained from the R&D
survey data, foreign trade data is obtained from the foreign trade survey data and
the rest is obtained from the structural business survey data. The descriptive
statistics of the variables used in the analysis and the correlation matrix of the

variables are presented in Table 4.7 and 4.8 respectively.
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Table 4.7 Descriptive statistics of the variables for the full sample (2003-2010)

STD.
VARIABLE DEFINITION N MEAN MIN MAX | DEV

Labor productivity (y) Log of per labor value added of firm 16152 10.63 3.20 14.50 0.96
Physical Capital stock/labor (k) Log of physical capital depreciation per labor 16152 7.35 0.00 12.70 2.89
In house R&D stock/labor (1) Log of in house own R&D stock of a firm per labor 18903 1.88 0.00 13.40 3.56
Herfindahl index (herf) Herfindahl concentration index or market product stock 18903 0.04 0.00 1.00 0.08
Trade/Revenue (tr) Share of imports and exports in total revenue (%) 15766 17.11 0.00| 147.95| 27.94
Technological capability (tc) In house R&D stock for a firm/in-house R&D stock of the

sector leader in-house R&D stock per labour 18891 0.03 0.00 4.19 0.16
Foreign ownership share (%) (for) Share of foreign capital (%) 18872 5.86 0.00| 100.00| 20.92
R&D spillovers/labor (rs) Log of total (foreign and domestic firms) R&D stock

spillovers constructed at the sector level technology

licensing 16799 13.35 0.00 15.45 1.30
Licensed technology stock/labor (tl) | Log of total stock of intangible assets spillovers

constructed at the sector level 16799 3.31 0.00 14.30 3.58
R&D spillovers from FDI/labor Log of foreign R&D spillovers constructed at the sector
(rSgor) level 17991 12.64 0.00 18.03 3.04
TC*in-house R&D stock/labor (rs) | Interaction terms between per labour in-house R&D stock

and technology catch-up 17979 0.27 0.00 39.88 1.61
TC*Trade/Revenue (tr_tc) Interaction term between trade share of revenue and

technology catch-up 15754 1.06 0.00| 268.23 9.36
TC*Licensed technology stock/labor | Interaction term between per labour licensed technology
(tl_tc) stock and technology catch-up 16787 0.21 0.00 36.32 1.41
TC*R&D spillovers/labor (rs_tc) Interaction term between per labour R&D spillovers and

technology catch-up 16787 0.40 0.00 53.51 2.20
TC*R&D spillovers from foreign Interaction term between per labour R&D spillovers from
firms/labor (rs¢,_tc) foreign firms and technology catch-up 17979 0.25 0.00 40.16 1.40
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Table 4.8 Correlation table for the full sample (2003-2010)

y Vi1 k r herf4 tr tc rs tl ISor tr_tc rs_tc tl_tc ISior tC  T_tC
y 1
Vi1 0.6328* 1
k 0.4066*  0.3861* 1
r 0.1475*  0.1475*  0.1033* 1
herf4 0.0368*  0.0404*  0.0320* 0.0321%* 1
tr 0.2356*  0.2469*  0.1856* 0.1980* -0.0165* 1
tc 0.0898*  0.0927*  0.0587* 0.3874* 0.0329*  0.1327* 1
rs 0.1115*%  0.1249*  0.0601* 0.1002* -0.0632*  0.0591*  0.0022 1
tl 0.2769*  0.2752*  0.2434* 0.1983* 0.0113*  0.2212* 0.1112* 0.0621* 1
Sfor -0.0471*%  -0.0624* -0.0367* 0.0091*  0.1216* -0.0776* -0.0550* 0.1989* -0.0758* 1
tr_tc 0.0623*  0.0659*  0.0385* 0.2543* 0.0032  0.1877* 0.7355* 0.0035 0.0701* -0.0258* 1
rs_tc 0.0900*  0.0965*  0.0587* 0.3934*  0.0276*  0.1379* 0.9917* 0.0144* 0.1130* -0.0534* 0.7572* 1
tl_tc 0.0793*  0.0861*  0.0516* 0.3284*  0.0286*  0.1202* 0.9403* 0.0150* 0.1192* -0.0476* 0.7378* 0.9530* 1
IS tc | 0.0932%  0.0976*  0.0599* 0.3950*  0.0093*  0.1419* 0.8267* 0.0185* 0.1108* -0.0185* 0.7229* 0.8362* 0.7780%* 1
r_tc 0.0867*  0.0910*  0.0562* 0.3756* 0.0294*  0.1293* 0.9867* 0.0108* 0.1097* -0.0508* 0.7410* 0.9909* 0.9580* 0.8175* 1

Note: * indicates 5% significance level.



4.3.2. The Empirical Model

Equation (4.4) is re-stated for empirical purpose in stochastic form as follows:

yiz :% +aikit +a’27;t +a/3t’;t +6{4f0};t +a’5rsit +6{6rsfor,it +a7tlit +%ICH +a’9h€}’]l;.t
+04,(r _to), +04,(tr _tc), +04,(tl _tc), +04,(rs _tc), (4.5)
+a4, (7, _tc), + Bind + B,yr +€,

where all the variables are as defined before and g; is the error term.

Ulkii and Pamukcu (2015) have first provided an carried out least squares (OLS)
estimation, as they indicate this estimation takes into account first order
autocorrelation (AR1), industry fixed effects, year effects and heteroskedasticity.
Then, in order to control for the endogeneity problem, they have used two step

system GMM method following Blundell and Bond (1998).

The generalized method of moments (GMM) method is widely used in dynamic
panel data analysis. There are two popular GMM estimator used in the literature
and they are the difference GMM estimator (widely referred to as Arellano—Bond
estimation) and the system GMM estimators (Blundell and Bond, 1998). Both are
general estimators designed for situations with few time periods and many
individuals. The difference GMM estimation starts by transforming all regressors
(i.e. differencing) and uses the generalized method of moments whereas the system
GMM allows for more instruments and improves efficiency."”’ That is, it builds a
system of two equations that contains the original equation and the transformed

equation and is sometimes referred to as the two-step System GMM estimator.'*®

137 As will be explained in more detail in the next section the maximum number of instruments used
in our regression models is 298 for the full sample and 284 for the domestic sample.

1% See Roodman (2009) for more detail.
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An important advantage of the two-step System GMM estimator is that it is

consistent even in the presence of unit root (Binder et al., 2003).

Ulkii and Pamukcu (2015) have used system GMM instead of difference GMM
analysis since the latter has poor precision when the series are persistent and yields
less efficient estimators when the number of time series observations is small and N
is large (Blundell and Bond 1998). This is the exact situation with our data where
our time dimension is eight years (2003-2010) and we have a large N (13960). This
is also the first condition for System GMM results to hold, i.e. small T and large N.
The second condition is that the instruments should be valid, which is determined
according to the results of the Hansen Test."* In addition to the differences taken in
the difference GMM in this case levels are also used, i.e. lagged differences
instrument the levels. It is assumed that the past changes in the dependent variable
are not correlated with the current periods’ error in levels, including fixed effects.
The other condition is that there should be no second order autocorrelation in first
differences. That is, in line with Arellano-Bond test for AR(1) and AR(2), the null
hypothesis states that there is no autocorrelation in first differences and as
Roodman (2008) underlines there should not be second order autocorrelation in the
series, i.e. we need to fail to reject the Arellano Bond test for AR(2) so as to avoid

second degree autocorrelation in first differences.

4.3.3. The Estimation Results

We have estimated a benchmark model based on OLS estimation with time and
industry dummies and lagged dependent variable (i.e. log labor productivity). The
results of the benchmark model for the full sample and domestic sample are
reported in Table 4.9 and Table 4.10, respectively. In both full sample and domestic

sample benchmark models most of the variables are statistically significant and

'3 The null hypothesis is that the instruments are valid.
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have the expected signs. However, these results can only give us preliminary
information about the relations between the variables due to the possibility of

endogeneity.

To deal with the endogeneity of firm-level variables, Ulkii and Pamukcu (2015)
have employed two-step system GMM estimation technique. One important feature
of this estimation technique is that it does not assume normality and it allows for
heteroskedasticity in the data which is a common problem of dynamic panel models

that can be controlled (Baltagi, 2008).

The two step system estimation approach assumes linearity and no second order
autocorrelation, in other words the applied instruments in the model are exogenous.
So we test for both the validity of instruments (Hansen Test) and for autocorrelation
in the error terms. The system GMM estimator requires that there is first-order

serial correlation and no second-order serial correlation in the residuals.'*

Ulkii and Pamukcu (2015) in their regression models have used maximum 96
instruments for the full sample and 91 instruments in the domestic sample whereas
in our regression models we have used maximum 298 and 284 instruments in our
full sample and domestic sample, respectively.141 In our analysis both the full
sample and the domestic regressions use unbalanced panel data from 1695
manufacturing firms that were present in the dataset at least four times and more
during 2003-2010 period, providing us with 10242 observations.'** This has

provided us with valid instruments and no second order autocorrelation (see Table

140 The null hypotheses are that there is no first-order or second-order serial correlation however one
needs to reject the null hypothesis of no first-order but not second-order serial correlation to get
appropriate diagnostics (Arrelano and Bond, 1991).

'*! We have used lags 2 through 6 of the levels as instruments for the transformed data, i.e. laglimits
(26).

2 Including lagged dependent variables, industry and year dummies. In the dataset that we have
used the number of firms that have been in the sample once was 170; twice 324; three times 642;
four times 1436; five times 1730 and six times 5940 during the 2003-2010 period. Six times was the
maximum number of years that firms have been present in the regression sample.
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4.11 and Table 4.12) compared to other numerous alternative regressions that we

have tried.

The results of our two step system GMM analysis for the full sample and the
domestic sample are provided in Table 4.11 and Table 4.12, respectively. In the full
sample capital stock, trade and licensed technology stock remain statistically
significant with the expected signs (see Table 4.11). In the domestic sample, in
addition to these variables in house R&D (only in model 3 and 6) and interaction
terms between technological capability and trade are statistically significant with
the expected sign (see Table 4.12). This result seems to suggest that there is
relationship between trade and technological capability in the Turkish

manufacturing sector.

Compared to Ulkii and Pamukgu (2015) the first difference between the estimation
results of the full sample is that in their estimation foreign ownership share,
licensed technology, and the interaction terms between technological capability and
in-house R&D intensity and R&D spillovers from FDI are significant with the
expected signs. Whereas in our results the lag values of the dependent variables,
physical capital stock per labor, trade revenue and the licensed technology per labor
are significant with the expected signs. In terms of the interaction terms, unlike
Ulkii and Pamukcu (2015), the interaction terms between technological capability

and in-house R&D intensity and R&D spillovers from FDI are insignificant.

On the other hand, in the case of the domestic sample contrary to Ulkii and
Pamukc¢u (2015) in our analysis, once again the lagged values of the dependent
variables, physical capital stock per labor, trade revenue and the interaction term
between technological capability and trade are significant with the expected signs.
This can be interpreted as a reflection of the importance of trade for the domestic

firms in the Turkish manufacturing sector.
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Table 4.9. Baseline Regression Analysis of Labor Productivity, y, Full Sample, 2003-2010

VARIABLES MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5 MODEL 6
Lag of labor productivity (y.;) 0.4153%#%#%* 0.41527%%#%* 0.4153%#%%* 0.41527%%%* 0.4149%%*  (0.4153*%**
[0.0092] [0.0092] [0.0092] [0.0092] [0.0092] [0.0092]
Lag of labor productivity (y.,) 0.2468*%#%* 0.2468*%#%* 0.2468#%*%* 0.2469%#%%* 0.2465%**%  (0.2468***
[0.0087] [0.0087] [0.0087] [0.0087] [0.0087] [0.0087]
Physical Capital stock/labor (k) 0.0449%#:#* 0.0449%#:#* 0.0449%##* 0.0449%##* 0.0449%*#%  (0,0449%*:*
[0.0025] [0.0025] [0.0025] [0.0025] [0.0025] [0.0025]
In house R&D stock/labor (r) 0.0044** 0.0044** 0.0044#* 0.0042%** 0.0041%** 0.0043**
[0.0018] [0.0018] [0.0018] [0.0018] [0.0018] [0.0018]
Herfindahl index (herf) 0.2308#%#%* 0.23527%#%#%* 0.23271%#%%* 0.2455%%%* 0.2482%##%  ().2308***
[0.0842] [0.0844] [0.0844] [0.0848] [0.0850] [0.0842]
Trade/Revenue (tr) 0.00127%#%#%* 0.0012%#%#%* 0.0011%#%%* 0.0011%#%%* 0.0011%#%*%  (0.0012%***
[0.0002] [0.0002] [0.0002] [0.0002] [0.0002] [0.0002]
Technological capability (tc) 0.0746* -0.1874 0.0630 -0.5061 -0.0762 0.1020
[0.0409] [0.2829] [0.0606] [0.4037] [0.1075] [0.1077]
Foreign ownership share (for) 0.0011%#%* 0.0011%#%* 0.0010%** 0.0010%#* 0.0010%** 0,001 1 ***
[0.0003] [0.0003] [0.0003] [0.0003] [0.0003] [0.0003]
R&D spillovers/labor (rs) -0.0144*%* -0.0151%%* -0.0145%%* -0.0159%%* -0.0140**  -0.0143%%*
[0.0062] [0.0063] [0.0062] [0.0063] [0.0062] [0.0063]
Licensed technology stock/labor (tl) 0.0082##%* 0.0082##%* 0.0082%#*%* 0.0081%#%*%* 0.0082##*  (0.0083***
[0.0017] [0.0017] [0.0017] [0.0017] [0.0017] [0.0018]
R&D spillovers from FDI per labor (rs,,) 0.0070%##%* 0.0070%##%* 0.0070%##* 0.0070%** 0.0065***  (0.0071***
[0.0022] [0.0022] [0.0022] [0.0022] [0.0022] [0.0022]
TC*Trade/Revenue (tr_tc) 0.0277
[0.0296]
TC*R&D spillovers/labor (rs_tc) 0.0002
[0.0008]
TC*Licensed technology stock/labor (tl_tc) 0.0457
[0.0316]
TC*R&D spillovers from for ownership/labor (rsg,_tc) 0.0172
[0.0113]
TC*in-house R&D stock/labor (r_tc) -0.0037
[0.0135]
Constant 3.4037*%* 3.4129%** 3.4040%%** 3.4245%%*%* 3.4110%**  3.4020%**
[0.1076] [0.1080] [0.1076] [0.1085] [0.1077] [0.1078]
Observations 10242 10242 10242 10242 10242 10242
R-squared 0.545 0.545 0.545 0.545 0.545 0.545

Robust standard errors in brackets *** p<0.01, ** p<0.05, * p<0.1
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Table 4.10. Baseline Regression Analysis of Labor Productivity, y, Domestic Sample, 2003-2010

VARIABLES MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5 MODEL 6
Lag of labor productivity (y,.;) 0.4085%##%* 0.4084 ##* 0.4086%#** 0.4083##* 0.4080%##* 0.4085%##*
[0.0097] [0.0097] [0.0097] [0.0097] [0.0097] [0.0097]
Lag of labor productivity (y,.,) 0.2454 %% 0.2455%#%* 0.2456%%* 0.2455%#%* 0.24571 #%* 0.2454 %%
[0.0091] [0.0091] [0.0091] [0.0091] [0.0091] [0.0091]
Physical Capital stock/labor (k) 0.0440%** 0.0441#%#%* 0.0441%#%%* 0.04471%%%* 0.04407#%%* 0.04407#%%*
[0.0025] [0.0025] [0.0025] [0.0025] [0.0025] [0.0025]
In house R&D stock/labor (r) 0.0043** 0.0044** 0.0045%* 0.0043** 0.0040%* 0.0043**
[0.0019] [0.0019] [0.0019] [0.0019] [0.0019] [0.0019]
Herfindahl index (herf) 0.2579%#%#%* 0.2636%%#%* 0.2659%#%%* 0.27827%#%#%* 0.27667#%* 0.2579%#%%*
[0.0912] [0.0914] [0.0914] [0.0923] [0.0920] [0.0912]
Trade/Revenue (tr) 0.0015%%#%* 0.0015%%#%* 0.0014%#%* 0.0015%%#%* 0.0015%#* 0.0015%#*
[0.0003] [0.0003] [0.0003] [0.0003] [0.0003] [0.0003]
Technological capability (tc) 0.0956 -0.1975 0.0293 -0.5495 -0.0487 0.1399
[0.0582] [0.3101] [0.0780] [0.4637] [0.1116] [0.1235]
R&D spillovers/labor (rs) -0.0127* -0.0134%%* -0.0131%* -0.0139%* -0.0121%* -0.0125%*
[0.0065] [0.0066] [0.0065] [0.0066] [0.0065] [0.0065]
Licensed technology stock/labor (tl) 0.0083##* 0.0083##* 0.0083#*%* 0.0083##* 0.0083#*%* 0.0085%**
[0.0018] [0.0018] [0.0018] [0.0018] [0.0018] [0.0018]
R&D spillovers from FDI per labor (rs,,) 0.0066#%#%* 0.0066#%#* 0.0066%##* 0.0066#%#* 0.0061 #%#* 0.0066%##*
[0.0023] [0.0023] [0.0023] [0.0023] [0.0023] [0.0023]
TC*Trade/Revenue (tr_tc) 0.0309
[0.0321]
TC*R&D spillovers/labor (rs_tc) 0.0015
[0.0012]
TC*Licensed technology stock/labor (tl_tc) 0.0505
[0.0360]
TC*R&D spillovers from for ownership/labor (rsg,_tc) 0.0185
[0.0122]
TC*in-house R&D stock/labor (r_tc) -0.0068
[0.0167]
Constant 3.4692%** 3.4785%** 3.4746%+%* 3.4878%*** 3.4761%%* 3.4665%**
[0.1126] [0.1130] [0.1127] [0.1134] [0.1127] [0.1128]
Observations 9260 9260 9260 9260 9260 9260
R-squared 0.522 0.522 0.522 0.522 0.522 0.522

Robust standard errors in brackets *** p<0.01, ** p<0.05, * p<0.1
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Table 4.11. Two Step GMM System Regression Analysis of Labor Productivity, y, Full Sample, 2003-2010

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
First Lag of labor productivity per labor (y.1) 0.306%** 0.312%** 0.294%%** 0.316%** 0.341%%* 0.326%**
[0.062] [0.060] [0.061] [0.063] [0.062] [0.061]
Second Lag of labor productivity per labor (yi.2) 0.080%** 0.080%** 0.082%** 0.083*** 0.083%** 0.078%**
[0.021] [0.021] [0.021] [0.021] [0.021] [0.021]
Physical Capital stock per labor (k) 0.04 1% 0.043 % 0.045%#%* 0.044 0.0427#%* 0.040%%*
[0.013] [0.013] [0.013] [0.013] [0.013] [0.013]
In house R&D stock per labor (r) 0.007 0.009 0.010 0.010 0.007 0.009
[0.007] [0.007] [0.007] [0.007] [0.006] [0.007]
Herfindahl index (herf) 0.117 0.225 0.039 0.112 0.009 0.254
[0.656] [0.648] [0.649] [0.633] [0.650] [0.661]
Trade/Revenue (tr) 0.004 % 0.004##* 0.003*** 0.004#* 0.003*** 0.003#**
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
Technological capability (tc) 0.072 -0.160 -0.072 -0.195 -0.045 0.019
[0.065] [0.328] [0.109] [0.632] [0.134] [0.167]
Foreign ownership share (for) 0.000 0.000 -0.000 -0.000 -0.000 0.000
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
R&D spillovers per labor (rs) -0.060 -0.079 -0.069 -0.063 -0.075 -0.093
[0.065] [0.064] [0.064] [0.063] [0.064] [0.065]
Licensed technology stock per labor (tl) 0.014%** 0.014%** 0.014%** 0.013%** 0.013%** 0.013%**
[0.004] [0.004] [0.004] [0.004] [0.004] [0.004]
R&D spillovers from FDI per labor (rsgr) 0.004 0.004 0.004 0.003 0.003 0.003
[0.004] [0.004] [0.004] [0.004] [0.004] [0.004]
TC*in-house R&D stock per labor (r_tc) 0.022
[0.032]
TC*Trade/Revenue (tr_tc) 0.002
[0.001]
TC*R&D spillovers per labor (rs_tc) 0.021
[0.047]
TC*R&D spillovers from FDI per labor (rsfor_tc) 0.016
[0.012]
TC*Licensed technology stock per labor (tl_tc) 0.007
[0.019]
Constant 6.428%%* 6.456%%* 6.635%%** 6.331%%* 6.197%#%* 6.387#%*
[0.753] [0.705] [0.737] [0.731] [0.743] [0.734]
Hasen-Pv 0.181 0.242 0.267 0.281 0.188 0.197
ARlp 0 0 0 0 0 0
AR2p 0.628 0.569 0.774 0.613 0.458 0.446
Observations 9106 9106 9106 9106 9106 9106
Number of id 1695 1695 1695 1695 1695 1695
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Table 4.12. Two Step GMM System Regression Analysis of Labor Productivity, Domestic Sample, 2003-2010

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
First Lag of labor productivity per labor (yt.1) 0.329%** 0.328%#** 0.324%#%* 0.326%** 0.350%** 0.328%**
[0.068] [0.066] [0.067] [0.068] [0.067] [0.066]
Second Lag of labor productivity per labor (y.,) 0.0857%#* 0.0827%#** 0.088#** 0.086%** 0.086%** 0.085%**
[0.022] [0.021] [0.022] [0.021] [0.022] [0.022]
Physical Capital stock per labor (k) 0.04 2% 0.044 % 0.04 3% 0.04 5% 0.042%* 0.04 3%
[0.013] [0.013] [0.013] [0.013] [0.013] [0.013]
In house R&D stock per labor (r) 0.010 0.011 0.014* 0.011 0.008 0.012%*
[0.007] [0.007] [0.008] [0.007] [0.007] [0.007]
Herfindahl index (herf) 0.376 0.485 0.377 0.374 0.392 0.479
[0.648] [0.638] [0.636] [0.621] [0.625] [0.640]
Trade/Revenue (tr) 0.003*** 0.004*** 0.003** 0.004##%* 0.003*#%* 0.004***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
Technological capability (tc) 0.025 -0.361 -0.156 0.515 -0.021 -0.191
[0.110] [0.382] [0.152] [0.607] [0.115] [0.201]
R&D spillovers per labor (rs) -0.029 -0.043 -0.034 -0.037 -0.043 -0.047
[0.071] [0.069] [0.070] [0.067] [0.070] [0.071]
Licensed technology stock per labor (tl) 0.013%** 0.013%** 0.013%** 0.013%** 0.013%** 0.012%**
[0.004] [0.004] [0.004] [0.004] [0.004] [0.004]
R&D spillovers from FDI per labor (rsgr) 0.004 0.003 0.003 0.004 0.004 0.003
[0.004] [0.004] [0.004] [0.004] [0.004] [0.004]
TC*in-house R&D stock per labor (r_tc) 0.038
[0.037]
TC*Trade/Revenue (tr_tc) 0.003**
[0.002]
TC*R&D spillovers per labor (rs_tc) -0.034
[0.042]
TC*R&D spillovers from FDI per labor (rsgo_tc) 0.012
[0.015]
TC*Licensed technology stock per labor (tl_tc) 0.031
[0.029]
Constant 5.826%** 5.950%** 5.935%** 5.780%** 5.687%%* 5.9309%x**
[0.831] [0.772] [0.817] [0.791] [0.791] [0.796]
Hasen-Pv 0.259 0.368 0.382 0.304 0.359 0.321
ARIp 0 0 0 0 0 0
AR2p 0.381 0.327 0.457 0.398 0.285 0.377
Observations 8104 8104 8104 8104 8104 8104
Number of id 1514 1514 1514 1514 1514 1514




Even though the results of the two-step system GMM for all firms and domestic
firms seem to be quite similar, the most important insight that this analysis provides
is that in-house R&D is more important for domestic firms and technological
capability has an impact on the trade performance of domestic firms. However, we
cannot use the parameter of this variable as an indicator of its average impact on
productivity because of the presence of the interaction terms. To find the impacts of
the marginal variables with interaction terms we have computed their marginal
effects at three different levels of technological capability; average level, minimum
level and maximum level . Results are provided in Tables 4.11 and 4.12. For
example, the marginal effect of in house R&D stock per labor given the
technological capability — using the results obtained from Equation 4.5- has been

calculated as follows:

OE[y,|nte, |
or.
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=+ o fc’*
4.6)

where all the variables are as defined before and tc* is the minimum, average or the

maximum value of technological capability in the sample.

Equation 4.6 implies that the marginal effect of higher level of R&D stock per labor
on labor productivity per labor is increased when the technological capability is
higher. The sample mean is the natural choice for the interaction term (i.e.
technological capability in our case). However, we have calculated the marginal
effects at three different levels of technological capability (i.e. mean, minimum and
maximum) in order to find out the impact the level of technological capability of

firms together with the knowledge diffusion channels have on their level of
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productivity. The results of the marginal effects of knowledge diffusion channels

on labor productivity are provided in Table 413,19

Ulkii and Pamukcu (2015) found that within firms with average technological
capability a 1 % increase in in-house R&D intensity leads to about a 0.3 % increase
in labor productivity in both full sample and domestic sample. The impact of in-
house R&D stock on labor productivity increased within firms with maximum
technological capability, a 0.43 % and 0.50 % increase in the full sample and the
sample of domestic firms, respectively. In terms of in-house R&D intensity our
results indicate that a 1% increase of in-house R&D stock per labor leads to about a
0.01% increase in labor productivity within firms with average technological
capability in the domestic sample (see Table 4.13). From the fall in the number of
both domestic and foreign R&D conducting firms (provided in Table 4.3) after
2008 we could expect that our results would somewhat differ from Ulkii and
Pamukc¢u (2015) but we did not expect it to be as strong as this. Our result on in-
house R&D indicates that not only has the number of firms engaged in R&D
decreased after 2008 global crisis, this crisis also had an important impact on the in-
house R&D structure of the firms remaining in the manufacturing sector. However,
our result on the domestic sample suggests that the technological capabilities of
firms determine their ability to use R&D stock effectively to promote productivity,

as has been emphasized by Gerschenkron (1962) and Cohen and Levinthal (1990).

In terms of industry level R&D spillovers Ulkii and Pamukcu (2015) found a
significant negative impact on productivity among firms with lowest technological
capability and positive among firms with maximum technological capability, in
both full sample and domestic sample. This result indicates that firms with higher
absorptive capacity are more likely to benefit from knowledge diffusion. In our
analysis the industry level R&D spillovers are statistically insignificant (see Table

4.13).

'3 We have computed the marginal effects using the nlcom command in stata.
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Ulkii and Pamukcu (2015) found that R&D spillovers from foreign firms in the
same industry -as in the case of industry level R&D spillovers — had positive
impact on productivity only for firms with high level of technological capability, in
both the full sample and the domestic sample of firms. In our analysis the R&D
spillovers from foreign firms are also statistically insignificant (see Table 4.13).
Thus, compared to Ulkii and Pamukcu (2015) R&D spillovers and R&D spillovers
from foreign firms have no significant impact on productivity at all three levels of
technological capability in both full and domestic samples. These result may
suggest that in terms of R&D the manufacturing sector has been seriously affected
from the 2008 global crisis and that R&D activities of the firms in the Turkish

manufacturing sector seems to be sensitive to external shocks.

Ulkii and Pamukcu (2015) found that technology licensing increased the
productivity of firms with average and higher technological capability. The impact
technology licensing was higher on the productivity of domestic firms compared to
the full sample. As can be seen from Table 4.13, in our analysis technology
licensing increased the productivity of firms with average and lower technological
capability in both domestic and full sample. We found that within firms with
average and minimum technological capability a 1 % increase in licensed
technology leads to about a 0.01 % increase in labor productivity in both full

sample and domestic sample.

Another important difference between our and Ulkii and Pamukcu (2015) results is
that while international trade has no significant impact on productivity at any level
of technological capability in either sample of Ulkii and Pamukcu (2015), in our
analysis it seems to have impact on productivity at all levels of technological
capability in both samples. As can be seen from Table 4.13 in both the full sample
and the domestic sample of firms, a 1% increase in international trade leads to
about a 0.003% increase in labor productivity of firms with average and minimum
technological capability and roughly 0.01% increase within firms with maximum

technological capability. These results indicate that firms with higher technological
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capability due to their higher absorptive capacity are more likely to benefit from

knowledge diffusions via international trade.

4.4. Conclusion

In this essay our aim was to investigate the impact of knowledge indicators on the
productivity of firms in the Turkish manufacturing sector during the 2003-2010

period.

As mentioned before, to our knowledge, there are only few studies that have
investigated the relationship between the various dimensions of knowledge and the
productivity of firms in the Turkish manufacturing sector. The most recent study on
the Turkish manufacturing sector is by Ulkii and Pamukcu (2015), who have
investigated the impact of R&D and knowledge diffusion channels on the
productivity of the Turkish manufacturing firms during the 2003-2007 period. The
results of this study indicate that an increase in R&D intensity leads to increase in
the productivity levels of firms with technological capability that is similar to the
threshold technological capability level. That is, the level of technological
capability of firms determines both their ability to use the available R&D
knowledge and their ability to undertake new R&D activities.

In our essay we attempt to take Ulkii and Pamukcu’s (2015) study one step further
by utilizing a more comprehensive dataset both in terms of scope and time
dimension. This dataset was established by using three different datasets (the
Industry and Service Statistics database, the Foreign Trade database and the R&D
database) of TurkStat, for the 2003-2010 period. As indicated previously this is an
important departure from Ulkii and Pamukgu (2015) since in our analysis we used
R&D data that is compiled according to the Frascati Manual. Our second departure
is the length of the time period of our dataset which contains data from 2003 to

2010.
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Table 4.13. Marginal Effects of Interaction Terms on Labor Productivity

Full Domestic
VARIABLES Min Mean Max Min Mean Max
Trade/Revenue 0.003***  0.003%** 0.012%* 0.003**  0.003%* 0.016%*
[0.001] [0.001] [0.005] [0.001] [0.001] [0.006]
R&D spillovers per labor -0.063 -0.062 0.025 -0.037 -0.038 -0.179
[0.063] [0.063] [0.204] [0.067] [0.067] [0.202]
Licensed technology stock per labor 0.013***  0.014%** 0.041 0.012%%%  (0.013%** 0.141
[0.004] [0.004] [0.080] [0.004] [0.004] [0.120]
R&D spillovers from FDI per labor 0.003 0.003 0.069 0.004 0.004 0.054
[0.004] [0.004] [0.051] [0.004] [0.004] [0.064]
In-house R&D stock per labor 0.009 0.009 0.101 0.011 0.012* 0.169
[0.007] [0.007] [0.136] [0.007] [0.007] [0.157]

Standard errors in brackets *** p<0.01, ** p<0.05, * p<0.1



The results of our essay supports the findings of Ulkii and Pamukcu (2015) with
regards the importance of physical capital stock, in-house R&D stock, the level of
market concentration, trade, technological capability and foreign ownership as the
determinants of R&D activities of the manufacturing firms in Turkey. Our results
also point technological capability as an important determinant of the firm's ability
to use the available R&D in the industry. The most important divergence between
our and Ulkii and Pamukcu’s (2015) estimation results is that, in our results in-
house R&D, R&D spillovers and R&D spillovers from foreign firms have no
significant impact on productivity at all three (minimum, mean and maximum)
levels of technological capability in both full and domestic samples. This result
reflects that there is problem with regards R&D investment in the Turkish
manufacturing sector. Since the time dimension of our dataset is extended to 2010,
our results may be interpreted as containing the adverse effects of global financial
crisis and increasing international competition on the R&D investment efforts of

firms in the Turkish manufacturing sector.

Nevertheless, while formalizing policies for enhancing the competitiveness of the
manufacturing sector, the policy makers should consider the needs of each sub-
sector separately because they vary substantially in terms of both physical and

technological structure.
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CHAPTER 5

CONCLUSION AND POLICY RECOMMENDATIONS

In this Ph.D. thesis we have investigated the role of knowledge on economic
growth both at macro and micro levels in a three distinct but complementary

essays.

The first essay was a multi-country analysis, in which we investigated the impact of
knowledge indicators on economic growth performances of the OECD member
countries using panel data from 1995 to 2011. Additionally, this essay attempted to
analyze the role of knowledge indicators on the catch-up efforts of the follower
member countries in OECD. In the first part of the essay, we developed an
augmented model using Benhabib and Spiegel’s (1994) specification (see Figure
5.1). To our surprise the econometric results of our augmented model contradicted
the theoretical expectations. That is, majority of the results of our panel data
estimation with the traditional techniques (e.g. fixed effects model) were either
theoretically inconsistent or statistically insignificant. When we deepened our
investigation we found that there were serious limitations of the specification used
by Benhabib and Spiegel (1994). In their model Benhabib and Spiegel (1994)
followed Nelson and Phelps (1966), who have emphasized role of human capital in
adaptation of new technology and hence improving total factor productivity. Thus,
human capital enters the model only via total factor productivity. So, accordingly in
our specification we followed this line of reasoning and hence introduced the

knowledge indicators into our model through total factor productivity.

However, later we found out that when human capital enters the model as an
additional input of production it captures the role of human capital accumulation in
the growth process (Lucas, 1988). Thus, we developed another model - the

augmented knowledge production function - where we introduced human capital as
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an additional input together with capital stock and also included the other critical
knowledge variables as shift factors in the production function. Moreover, in this
analysis we also utilized dynamic panel data techniques, which are more suitable
for macro panel data, and this provided us the opportunity to utilize the long-run
information in the data by focusing on the equilibrium relations. Accordingly,
Peseran et al. (1999) we used PMG estimator where only the long run coefficients
are same across countries and the short run coefficients vary. One advantage of
PMG method is that it takes into account non-stationarity as well as cointegration
that are commonly observed in macroeconomic analysis, with panel data where
there is large number of countries over short period of time. Estimation results of
this model were both theoretically and statistically significant. That is, our results
indicated that knowledge variables as a whole had positive impact on the economic
growth performances of OECD countries and the OECD members seemed to be
converging to a common long-run equilibrium represented by the augmented

knowledge production function.
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Figure 5.1. An Overview of Essay 1

In the second essay we analyzed the impact of knowledge on the economic growth

performance of Turkey over the 1963-2010 period, by using a production function
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approach. As can be seen from Figure 5.2, first, we developed a production
function model by considering the seminal studies on different strands of
endogenous growth models that have focused on various dimensions of knowledge.
To see the impact of various dimensions of knowledge with a single and
comprehensive measure of the “level” of knowledge in the economy we
constructed a knowledge index (KNIW). The construction of a knowledge index
not only provided us with a composite and useful measure of the “level” of
knowledge, but it also prevented the potential problem of multicollinearity due to
the high level of correlation between the knowledge variables. Then, time series
methods, such as cointegration and impulse response analysis were used to analyze

the role of knowledge on economic growth in Turkey over the 1963-2010 period.
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Figure 5.2. An Overview of Essay 2

Overall the empirical results indicated that higher level of knowledge had a positive
and statistically significant impact on the growth rate of Turkish economy over the

sample period.
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In the last essay, we investigated the impact of knowledge indicators on the
productivity levels of manufacturing firms in Turkey, by using firm level panel data

from 2003 to 2010.

This essay consisted of two parts. As can be observed from Figure 5.3, in the first
part we utilized the model developed by Ulkii and Pamukcu (2015) to investigate
the impact of R&D and knowledge diffusion channels on the productivity of the
manufacturing firms in Turkey during the 2003-2010 period.

Results support

findings of U&P

additionally we
found

(2015}

« Ulkii& Pamulcu \‘

vulnerability of
Turkish
Manufacturing
SEctor to External
Shocks

Unique Data Set
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Figure 5.3. An Overview of Essay 3

The empirical results of this analysis supported the findings of Ulkii and Pamukg¢u
(2015) with regards the importance of physical capital stock, in-house R&D stock,
the level of market concentration, trade, technological capability and foreign
ownership as the determinants of R&D activities of the manufacturing firms in
Turkey. Our results also underline the importance of technological capability as a
determinant of the firm's ability to use the existing R&D in the industry and engage

in R&D activities.
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Policy Implications

As indicated before, the aim of this thesis was to investigate the role of knowledge
on productivity and economic growth. The results of all three essays have shown
that the knowledge pillars (indicators) contribute to the growth performances and
catch up efforts of countries and firms (albeit at different extent). These pillars both

shape and determine the level of the knowledge in the given economy.

Even though, based on the result of the three essays we will present our policy
recommendations at macro, meso and micro levels, it is important to underline that
in terms of knowledge pillars the lines between these three levels can sometimes be
very blurry and a policy recommendation mentioned at one level can easily be

applied at the other extreme level.

In terms of the pillars of knowledge investigated in this thesis and economic growth

our main macro (national) level policy recommendations are:

e Tailor Made Policies: Our results indicate that knowledge variables are

important for economic growth, but there is substantial variance as to how much of
the available knowledge countries can utilize to enhance their growth performance.
As we have seen in our cross country analysis, countries are heterogeneous in their
structures and this heterogeneity determines their ability to use available knowledge
pillars efficiently and their catch-up capability. Thus, rather than taking the short
cut and implement a policy that has had successful outcomes for another country, it
is important to choose the longer method by starting to analyze thoroughly the
specific country conditions and try to tailor policies that would answer the specific

needs of the country in question.

Moreover, in Essay 1 we saw that the follower country can catch-up with the leader
country/countries only if the initial gap between them is not too wide, otherwise
countries end up in a catch-up trap. That is, in the long-run countries reach similar
steady states only when they have similar structures, such as, institutional structure,

economic structure, quality of human capital and so on. These conditions are the
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main determinants of social and absorptive capabilities. Thus, convergence is much

easier among countries with similar social and absorptive capabilities.144

Therefore, the policy maker should be aware that the heterogeneity among the
capabilities of countries requires special policies that targeted to the needs of the
country in question; there is no standard policy that is available to all countries.'*
This is especially relevant for developing countries that have no luxury to
experiment with their limited resources. Thus, rather than targeting the “edge”
technological frontiers, policy makers should carefully evaluate the capabilities of
the economy and the society and accordingly formulate policy measures that aim

the most appropriate technological frontier.'*®

Thus, policy makers should first map the existing capabilities of the
country/industry. While mapping the existing capabilities the policy makers should
give priority to the analysis of the quality of the workforce, the structure of the
existing infrastructure'”’ and the capabilities of public sector institutions in
supporting and promoting the diffusion of critical technologies. Once the policy
maker has a detailed and thorough analysis on the capabilities of the country, then
he/she can introduce policy measures that are targeted to specific needs that use the
available resources effectively and efficiently. But, to ensure that in the long run
higher economic growth level is achieved, the policy maker has to continuously
monitor and assess the policy measures and if necessary make the necessary

changes and updates.

14 See, for example, Jovanovic (1998) and Hobijn (2001) for more detail. Similarly Basu and Weil
(1998) with their appropriate technology model argue that new technologies can only be
implemented successfully by countries with appropriate endowments.

14> See for example, Rodrick and Subramanian (2003) getting diagnostics right.

For example, as argued in Essay 1 the technological frontier that the country tried to catch-up was
determined by their income group. That is, while the middle income group countries could targeted
the technological frontiers of the higher income countries in the case of the lower income countries,
with their existing economic structure and absorptive capabilities it was more appropriate for them

to target the technological frontiers of the middle income countries.

"7 That is, what type of technologies can be used, create and expand with the existing infrastructure.
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®  Availability and Quality of Data: The most important limitations that we have

experienced in all three essays were related to the availability and the quality of
data. For instance, the main reason for selecting OECD member countries in Essay
1 was related to availability of relatively more dependable, concise and comparable
data for knowledge indicators for most of the countries. Even so, we have
experienced difficulties in obtaining data especially of late joining former Soviet
Union states (e.g. Slovenia). In the second essay we had use patents as a proxy
R&D due to the lack of data of data on R&D expenditure in Turkey for the 1963-
2010 period. In the last essay, in the TurkStat survey that we were utilizing there
was no direct data on the number of computers. Thus, we had to use software

expenditure of firms as a proxy for ICT.

Thus, in order to formulate realistic and dependable policies, policy makers must
give priority to compiling and increasing the quality of data. Because, the quality
of data that is being used determines the accuracy of the information with respect to
the present situation in terms of knowledge indicators and the determination of
efficient and effective policy tools that contributes to the increase of the knowledge
capital. In terms of the Turkish data, time series data on R&D expenditure and data
on ICT variables both at macro and micro level have to be updated and re-
organized with more detailed information (for example, number of computers that

the firm owns).

e  Human Capital is the “Engine” of Knowledge Economy: Our results also

indicate that, in terms of direct and indirect effects, human capital can be
considered as the most important knowledge pillar. This verifies the argument put
forward by Mincer (1958), Becker (1962) and Forray (2004) who place human
capital at the center of knowledge accumulation. The human capital determines the
efficient and effective outcome of the other knowledge indicators; available
knowledge can be fully utilized only when we have human capital that can digest it,
thus quality of human capital is important; and last but not least the quality of the

human capital is the main determinant the technological capability of countries.
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The results of the first two essays (cross country and country specific) points
human capital as the important factor for the observed differences of the economic
growth between OECD countries and the contributor to the growth performance of
Turkey during the 1963-2010 period.'* In the cross country analysis we have seen
that the ability to adopt and initially to imitate the technology of the leading country
depends on the quality of the human capital, which is a fundamental part of the

absorptive capacity.

In the third essay we found human capital to be the most important determinant that
shaped the catch-up ability of the lagging firms. At the firm level, the prerequisite
of R&D is qualified human capital, which shapes the R&D capabilities of firms.
Thus, the quality of the human capital determines the R&D ability of both firms
and countries. Moreover, we have found that it played a major part in “catch-up

trap”.

All these results indicate that the impact of knowledge on economic growth is
primarily determined by the existing structure of human capital. In other words it

could be said that at the core of knowledge accumulation is human capital.

Therefore, in line with our results, our first policy recommendation concerns the
improvement of the quality of human capital. But policies aiming to accomplish
this should not be bounded by simple policy targets such as increasing “school
enrollment rates” which is an indicator of basic education. Without any doubt basic
education increases the capacity to learn and to use information however it is not
enough to understand the advanced and complicated structure of the edge

technologies of today.

In order to catch-up with the leading technologies at international level, a country
needs a human capital with higher education in engineering and scientific areas.
Programs that encourage universities to establish international exchange links will
play a crucial role in enhancing international spillovers to the domestic economies.

Therefore, policy makers should attribute importance to building a strong higher

148See, for example Nelson and Phelps (1966), Romer (1990) and Islam et al. (2011).
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education system that supports the technology sectors and take initiatives to build

an educational exchange networks with countries in the technological frontier.

The results of our sector specific analysis on the Turkish manufacturing sector
(Essay 3) indicate that it is also important to increase the number and quality of
qualified workers. The successful growth performance of the East Asian countries
during the 1990s is a good indicator of the importance of technical secondary level
education that makes it possible for workers to adopt and imitate the transferred
technology. This can be attained by increasing the number of graduates from
technical secondary level with qualifications that will ensure that they have the
background to adopt and imitate the transferred technology. However, firms can

149

also play important role in provision of human capital. Thus, measures ~ that

encourage firms to train their own workers should be incorporated in policies.

However, since the outcomes of these policies will be realized in the long run, in
the short-run priority should be given to decreasing brain drain and present
incentives for researchers that are working in other countries to return. After
determining the targeted sectors policy makers can also establish policies that are

geared with incentives to attract foreign researchers.

o Identifying the Core Institutions: Policy makers have to identify the

institutions that need to be established or improved for an environment that plays

active role for the efficient use of knowledge pillars.

Every country is unique, so a policy that was successful in one country might not
work in another. At the end it is the country specific characteristics, especially
institutional structure determines the outcome. This is nicely summarized by well-

known economist Elhanan Helpman:

Countries that start with similar endowments can follow different
developmental paths as a result of differences in institutional structures,
because institutions affect the incentives to innovate and to develop new
technologies, the incentives to reorganize production and distribution in order

' These measures can be tax incentives and financial support paid directly to firms or cooperation
among firms or universities can be supported.
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to exploit new opportunities, and the incentives to accumulate physical and
human capital. For these reasons institutions are more fundamental
determinants of economic growth than R&D or capital accumulation, human
or physical. ...[T]he ability of a country to grow also depends on its ability to

accommodate ... changes [e.g. technological changes], and the ability to
accommodate change depends in turn on a country’s economic and political
institutions. ... The institutions that are good for one period are not

necessarily good for another (Helpman, 2004:139-140).

e Physical Infrastructure: The results of Essay 2 indicate that building an

efficiently operating ICTs infrastructure contributes to the long-run economic
growth performances of countries. Especially, in the era that we are living in,
information and communication technologies are vital in order to make use of the
readily available information and spillovers of existing information both at firm and

country level.

Nearly all of the edge technologies are based on information technologies, such as
computers. Moreover, the communication technologies help us to keep up with the
recent developments in the industrial countries instantly and contribute to building
an up to date knowledge base. We have seen that some aspects of ICTs, such as
internet, require serious investment infrastructural investment that is difficult
especially for low income countries to finance. However, with relatively low usage
costs and the ability to overcome distance, ICTs are the most efficient means to transfer
information and knowledge around the world. The best part of ICT is that it presents
variety of alternatives to transfer information. Policy makers, especially in the low
income countries, for example, can utilize mobile phone technology to build an

information (internet) system.

Moreover, building or increasing technological capabilities requires physical
infrastructure that can accommodate the targeted research area (for example,
industrial research), technology transfer and so on. Thus, policy makers should give

priority to building an efficiently operating ICTs infrastructure.
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The meso (industry) level policy recommendations that we developed from the

results of this thesis are:

o Determination of the feasible technological frontier: From the results of

Essay 1 we saw that the technological frontier varied according to the level of
income of countries so that policies are based on realistic grounds. After
determining the most feasible technology frontier, policy makers should formulate
means to strengthen technological capabilities according to the requirements of this

arca.

e  Promoting Internal _and External Network Connections: Policy makers

should invest in building a strong network among the universities and research
agencies and take initiatives to build an educational exchange networks with
countries in the technological frontier. For example, Israel supported the high-tech
sector with one of the finest university systems in the world and priority has been
also given to the educational exchange links developed with technologically leading
countries such as the United States in academic and software development (Berry,

2002).

Therefore policy measures should include subsidies that aim to promote to increase
collaboration, especially R&D activities between the private sector and universities.
Some country specific examples indicate that having universities that can engage in
R&D activities and support the private sector with their findings increases the

growth performance of economies.

Centers of technology (for example, techno parks) are other important institutions
where exchange of knowledge among the above mentioned institutions takes place.
The policy makers should also provide financial support and/or incentives that

would promote cooperation among different organizations.

The micro (firm) level policy recommendations that we developed from the results

of this thesis are:
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° Support highly qualified researchers: Universities and research centers

should be supported with various types of incentives to increase the capabilities of
their researchers. In order to enhance their initial human capital base, research
institutes should be encouraged to provide opportunities for their researchers to
improve their skills and knowledge capabilities by attending national and
international training programs. In addition to increasing the human capital
capabilities this will also provide opportunity for the researchers to increase their
network connections, which will contribute to the knowledge accumulation in the

research center.

Research centers can also increase their knowledge capacity by encourage research

centers to recruit highly qualified domestic or foreign researchers.

. Support Foreign R&D Investment: In order to attract foreign investment,
50

such as FDI, apart from economic conditions’ , technological and scientific
capabilities, political stability and public infrastructure are important factors that

should be overviewed and if necessary revised.

As mentioned previously, one of the main determinants of foreign investment in the
R&D sector is the technological and scientific capability. These capabilities are in
turn shaped by the level of qualified human capital, available research base (both
academic and industrial), intellectual property rights and so on. Apart from
enhancing foreign investment improving these factors would also contribute to the

development of domestic firms or domestic R&D centers.

In terms of R&D capabilities policy makers can enhance it by providing support to
both public and private research institutions and ensure that there is an appropriate

policy environment that supports R&D activities.

Moreover, R&D requires, educated human capital base and efficiently operating
institutional infrastructure. For example, public and private research institutions

require appropriate policy environment that supports their R&D activities. For

150 For example, market size, tax incentives and labor market conditions.
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example, adequate protection and enforcement of intellectual property rights
increases the incentive of researchers and scientists to engage in R&D activities.
Thus, securing the rights of the innovators is another important issue that the policy

maker should give priority.

Once a strong R&D base is established a country can increase its innovative
capability that would in turn increases the competitive power and the economic

growth potential of the country.

o Improve coordination and cooperation among different actors in the

economy: Coordination and cooperation among the different public and private
institutes is important for successful implementation and outcome of policies. The
interaction among the different actors in the economy can contribute to enhancing
the available knowledge stock in the industry in question. Thus policy makers

should embody measures that promote collaboration among different parties.

o  Reduction of Administrative Burdens in International Cooperations: Red

tape bureaucracy and other types of administrative burdens are common burdens
for beneficiaries of public supported policies. Thus, decreasing burdens would

encourage international cooperation activities for both firms and research centers.

In sum, access to knowledge by itself is not enough for economic growth. In the
bottom line the “absorptive capacity” and “social capability” of countries determine
the impact of the acquired knowledge on economic growth and catch-up process of
countries. Developing capabilities is a long run process and that catch-up process
is very difficult, especially for very low levels of income groups. Therefore,
patience and continuous monitoring, evaluation and revision of policies are the key

for increasing both the adaptive and social capabilities.
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APPENDICES

Appendix 2.A. OECD Countries

Table 2A.1. List of OECD Countries

COUNTRY Ratification of the Convention on the OECD
Australia 7 June 1971
Austria 29 September 1961
Belgium 13 September 1961
Canada 10 April 1961
Chile 7 May 2010

Czech republic 21 December 1995
Denmark 30 May 1961
Estonia 9 December 2010
Finland 28 January 1969
France 7 August 1961
Germany 27 September 1961
Greece 27 September 1961
Hungary 7 May 1996
Iceland 5 June 1961
Ireland 17 August 1961
Israel 7 September 2010
Italy 29 March 1962
Japan 28 April 1964
Korea 12 December 1996
Luxembourg 7 December 1961
Mexico 18 May 1994
Netherlands 13 November 1961
New Zealand 29 May 1973
Norway 4 July 1961
Poland 22 November 1996
Portugal 4 August 1961
Slovak republic 14 December 2000
Slovenia 21 July 2010
Spain 3 August 1961
Sweden 28 September 1961
Switzerland 28 September 1961
Turkey 2 August 1961
United kingdom 2 May 1961

United states

12 April 1961
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Appendix 2.B. Level vs. Difference Form Specification

In this appendix section we provide the empirical analysis in level form (y and k

enter in their levels rather in difference form, Ay and Ak).

Table 2A.2. Results of Level Panel Data Analysis (y)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Log of Per 0.6442%**  0.4084***  (0.6478***  0.3089***  (0.5296%**  (.2849%**

Capita [0.0846] [0.1008] [0.0981] [0.0864] [0.0869] [0.0937]
Capital (k)
Human 17.3177% 1.3531
Capital (h) [8.9438] [6.588]
Human -5.26087%%** -4.4850%**
Capital [0.7621] [0.9662]
Catch-up
(C_h)
R&D Stock 0.000011%* 0.000015%***
R) [0.000004] [0.000002]
R&D Stock -0.000043 0.000006
Catch-up [0.000041] [0.000020]
(C_R)
Internet (I) 0.09637 5% 0.062131%*
[0.028538] [0.034743]
Internet 0.101174%*** 0.049799%*
Catch-up [0.028686] [0.022619]
(C_D
Openness 0.177560* 0.059206
0O) [0.100980]  [0.039833]
Openness -0.0599***  0.007758
Catch-up [0.019008] [0.013610]
(C_.O)
Constant 1,697.3%%%  1,946.1%%*  1,602.8%**  2.091.6%**  1,825.1%*%*  2,126.9%%%*
[101.374] [101.298] [115.966] [102.257] [100.855] [109.979]
Obs. 578 578 578 578 578 578
R-squared 0.710 0.828 0.715 0.788 0.767 0.862
Country 34 34 34 34 34 34

Robust standard errors in brackets *** p<0.01, ** p<0.05, * p<0.1
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As can be seen from Table 2A.2 capital stock variable (k) is statistically significant
in all models. All knowledge indicators are both theoretically consistent and
statistically significant when they are introduced to the analysis on their own
(Model 2-5). However, in the fully specified model (Model 6) only R&D stock and

ICT is theoretically and statistically significant.

Even though level form specification provides better estimation result compared to
the difference form specification, these results are not directly comparable and

require careful interpretation. We will take up this issue at the end of Section 2.4.3.
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Appendix 3A. Science and Technology Policies in Turkey

The Science Technology and Innovation Policies (STIPs) in Turkey became more
apparent with the start of the planned economy period during the 1960s. The first
five year plan contained a section on research and 0.4% of GDP was foreseen for
R&D expenditures. The main objective was to increase the number of researchers
engaged in R&D through promoting research activities and establishing a scientific
and technical research council. In line with this new strategy, in 1963, the Turkish
Scientific and Technological Research Council (TSTRC (i.e. TUBITAK)) was
established to develop the science, technology and innovation policies and since
then it has been coordinating, organizing and promoting and developing the basic
and applied research and technological developments in Turkey. During this period
research was mainly conducted in mineral and agricultural industries by

universities and state research institutes.

During the 1980s the most important development in STIP was the establishment of

151 .
51 with decree number

the Supreme Council for Science and Technology (SCST)
77 on the 4™ of October 1983. According to this decree the SCST is to meet twice
annually and its duty is to assist the government; in determining long term science
and technological policies; determining targets; determining priority areas;
preparation of plans and programs; appoint government establishments;
cooperation with private organizations; preparation of necessary legal and
regulatory documents; ensure that researchers are trained; take incentives for the
establishment of private research institutions; and ensure the coordinator between
the sectors and the establishments. However it took seven years for it to meet for

the first time in 1989, met for the second time four year later (1993) and five years

later for the third time (1998). From 1983 to 2002 in the total it met for 7 times.

5! The SCST meets under the chair of the Prime Minister or deputy Prime Minister, with the
attendance of related 10-12 Ministers and high rank officials.
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In terms of STIP the most important developments during the 1990s was the
establishment of Turkish Academy of Sciences, in 1993, that was established with
the aim to bring increase scientific research and ensure that social strategies are
defined under scientific principles are technological data. A year later in 1994 the
Turkish Patent Institute was established. In 1995, Scientific and Technological
Research Council started funding industrial R&D projects of large firms and SMEs,
this is still the most important public R&D incentive programme in Turkey. This
programme is coordinated by Technology and Innovation Support Programs
Directorate (TISPD/TEYDEB). Under this programme support is given to;
machinery and manufacturing technologies; electrical and electronics; information
technologies; materials, metallurgical and chemical technologies; and
biotechnology, agriculture, environmental and food technologies. When the project
applications are analyzed we see that machinery (approximately 30%), information
technologies (approximately 20%) and electrical and electronics (16%) are the

leading fields.

As can be seen from Table 3A.1 between the 1995-2011 out of the total of 13.604
project applications (73% SMEs and 27% large firms) 8.371 projects (70% SMEs
and 30% large firms) were supported and the total of the fund was 2.5 billion TL.
The share of the SMEs applying for the projects has increased from 49% (1995-
2001 period) to 79% (2007-2011 period). Later on in 2012 two additional programs
were launched to support the R&D starters.'>

Another important development in the late 1990s was that the SCST started to meet
every single year and has started to play a more effective role in the establishment
and implementation of the Turkish STIPs. Recently the SCST has held its 28th

meeting on the 6™ of January 2015.

The SCST during the 1993-2003 period gave priority to ICTs and biotechnology,

and with the Science and Technology Leap Project set out the goals and measures

32 The 1507 SME R&D Support Program (2012) and the 1511 Priority Areas Research
Technological Development and Innovation Support Program.
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to be taken. The aim of this project was to establish a national innovation system
that would ensure an environment where the new science and technologies

produced are instantly transformed into economic and social wealth.

Table 3A.1 Project Applications between the 1995-2011 period

SMEs Large Firms Total
Project Application 10747 2857 13.604
(73%) (27%) (100%)
Supported Project 5860 2511 8.371
(70%) (30%) (100%)
Firms Supported 3529 436 3.965
(89%) (11%) (100%)
Amount of Fund b1.214 billion | $1.286 billion 12.5 billion
(49%) (51%) (100%)

Source: Calculated by the author using the TUBITAK data.

In 1997, by SCST, once again these targets were introduced in detail under the
Science and Technology Policy of Turkey and decided to be included in the
Implementation Agenda. This agenda underlined the priority of establishing an
effectively operating national innovation system. The state was to reorganize
national funds especially the public funds according to the prioritized areas in the
policies. Moreover, the state was to ensure the interaction and harmony between the
different actors taking part in the process. Thus, during the late 1990s and early
2000s gave priority to the establishment of infrastructural components of national
innovation system, such as; national information infrastructure; national academic
network and information center; electronic commercial network; law on the
technology development regions; legislations on prevention of brain drain; national

R&D budget; university-industry research centers; and supporting patent and other
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trademarks. The programs that have been introduced and the type of supports that

has been provided by them have been summarized in Table 3A.2.

Table 3A.2 Technology and Innovation Support Programs Directorate R&D
Support Programs

Type of Name of the Support Program
Support

1503 Project Market Support Program (2001)

Venture 1512 Individual Venture Support Program (2012)

Starters 1513 Technology Transfer Support Program (2012)

1514 Venture Capital Support Program (2012)

1505University-Industry ~ Collaboration ~ Support
R&D Program (2012)

1515 R&D Laboratory Support Program (2014)

1501 Industrial R&D Support Program (1995)

R&D Starter 1507 SME R&D Support Program (2012)

1511Priority ~ Areas  Research  Technological
Development and Innovation Support Program
(2012)

International | 1509 International Industrial R&D Support Program
R&D (2007)

(L007) weidoiq 1oddng Surpying Ajoede)) axmua A pue uoneaouu] 109

Source: Compiled by the author using information on the Support Programs of TUBITAK.

The share of R&D in GDP has steadily increased, as can be seen from Figure 3.4, it
has increased from 0.54% (2001) to 0.95% (2013) during the last decade.
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The Law on Support of Research and Development Activities has entered into force
in April 2008. This law outlines the conditions that R&D centers must fulfill in
order to benefit from incentives. For example, a R&D center must have at least 50
employees to qualify for the incentives, if there more than 500 researchers then
100% of the R&D expenditures are dropped from the taxable income, decrease of
50% of social security premiums for the employer for a period of 5 years, and so
on. All the incentives under this law encourages R&D centers to employ more
researchers and engage in R&D activities. Until 2012, 134 enterprises out of the
163 enterprises that have applied have been granted R&D Center Certificate.
Currently 129 of these centers are active. The distribution of these centers is
presented in Table 3A.3. As can be seen with 28.7% share the majority of the R&D

centers are from automotive supply industry followed by ICTs industries (10.1%).

Table 3A.3. Distribution of R&D Centers

Sector Share (%)
Automotive supply industry 28.7 %
ICTs 10.1 %
Automotive 9.3 %
Defense 9.3 %
Durable Consumer Goods 9.3 %
Electric and Electronics 7.8 %
Chemistry 6.2 %
Others 19.3 %

Source: Ministry of Science, Industry and Technology.

In 2010, the National Science Technology and Innovation Strategy (2011-2016)

was accepted by the SCST. This strategy aimed to improve the human resources
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engaged in science, technology and innovation; support the transfer of R&D results
into commercial products and services; support the SMEs so that they could
become stronger actors in the innovation system; and activate the R&D
infrastructure and international cooperation in science, technology and innovation.
The main sectors automobile, machine and production technologies, ICTs, energy,
water, food, security and space sectors were the main targeted sectors. The 2009
investment incentive package was revised in 2012. The revised incentive package

contains supports for clusters, support for technology transition.

When we analyze the distribution of the financing of R&D expenditure we see that,
in 2013, the commercial sector with a 47.5% has financed the largest share of R&D
followed by Universities (42.1%) and public sector (10.4%) (see Figure 3A.1).

m Commercial
MW Universities

= Public

Figure 3A.1. Financing of R&D expenditure in 2013 (%)

When we analyze the distribution of the R&D expenditures according to type, in
the same year, more than half of the expenditure has been on personnel (54%) and

the lowest expenditure was made on facilities (see Graph 3A.2).
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m Machine

| Facilities

Figure 3A.2. Distribution of R&D Expenditure According to Type in 1993 (%)

Under the 2023 strategy, by 2023 the R&D expenditures is foreseen to reach 60
billion US$ which is 3% of the national income. The supports that are being
currently given under the R&D law, Support for Technology Developing Areas,
support given by Turkish Scientific and Technological Research Council, supports
for SMEs, Small and Medium sized Industry Development and Support (KOSGEB)
support for SMEs, Industry Thesis (SANTEZ) program, Credits for Technology

Development Projects, Training Support and government incentives for exports.
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Appendix 3B. The Sensitivity of Cointegration Results to Structural Changes

In this appendix section we provide the results of the sensitivity analysis on the
main cointegration analysis provided in Section 3.5.3 with respect to the various
structural changes suggested by Zivot and Andrews (1992) test as well as structural
change due to policy change in 1980, i.e. switch from import substitution to export

promotion strategy.

The (structural) dummy variables are included as an exogenous variable to the main

(benchmark) model in order to account for structural changes.

Table 3B.1. Estimation Results (y;)

CI Variables Modell Model2 Model3 Model4 Model5 Model 6

ki 0.3974*  0.5249* 0.3263* 0.3211*  0.3646* 0.3214*

(0.0758) (0.1082) (0.1060) (0.0962) (0.0833) (0.0951)
KNIW 0.5914* 0.4187* 0.6830* 0.6850*  0.7128* 0.7733*

(0.1418) (0.1631) (0.1642) (0.1582) (0.1849) (0.1963)
Constant 4.1910 3.1823 4.7551 4.7992 4.4141  4.7545
Exogenous DS75 DS79 DS80 DS96 DS80
Variable DS96

Note: (1) The standard errors are provided in brackets. (2) CI (Cointegration) variables are
endogenous variables in the cointegration system. The exogenous variable in the vector error
correction model controls for the structural change (not included in cointegration vector because it is
exogenous). The (structural) dummy variables are included as an exogenous variable to account for
structural change. For example, DS75 takes zero until 1975 and it is one for the following years.
With the inclusion of structural dummies critical values of cointegration tests are not valid therefore
they are not reported in this table. (3) * indicates significance at 5% level.

As can be seen from Table 3B.1 we obtained significant results and the estimates
are quite similar to the main results. That is, Model 1 (cointegration results in
Section 3.5.3) and the models with structural dummy variables (See Models (2)-(6))

yield qualitatively same results.
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Appendix 3C. Sensitivity Analysis on Various Knowledge Pillars

In order to check the robustness of individual indicators of knowledge [sub
(dimension) indices] we introduced the knowledge variables (comprising the
knowledge index (KNIW)) directly, first one by one and then all together, into the

model.

First we introduce the variables one by one into the following model (in spirit of

Equation 3.10):

y, =6, + 6,ILNKN, + 6.k, +u, (3C.1)

where ILNKN;, i= 1,2,3,4 denote ILNC, ILNO, ILNNP and ILNE, and all variables are

defined as earlier.

Equation (3C.1) allows us to investigate whether our results would change if we
introduced the four dimensions (indicators) of knowledge on growth separately. For
the sake of complete specification we also introduce all four indicators directly into

the model as follows:

v, =6, +>." @ILNKN, +6,k, +u, (3C.2)

where all variables are defined as earlier.

It should be noted again that all knowledge indicators are provided as dimension
indices as explained in Section 3.4 so that they are comparable to our main results

provided in Section 3.5.3.
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To analyse the relationship between these variables and output we have once again

used Johansen cointegration analysis as specified in Section 3.3.5. But before

estimating cointegration relations we will check for presence of unit root in

knowledge variables in the following section.

3C.2.1 Unit Root Tests

Table 3C.1 provides the unit root (DF—GLS)153 test results.

Table 3C.1. Unit Root (DF-GLS) Tests

DF-GLS Test
Variables Level First Difference
Without Trend With Trend Without Trend
ILNC -0.6941 (1) -1.9801 (1) -2.1987(0)*
ILNO -0.6066 (0) -3.0840 (1) -5.4431 (0)*
ILNP 0.1519 (0) -3.1409 (1) -4.9973 (0)*
ILNE 0.4834 (2) -1.1739 (0) -6.1521(0)*

Note: (1) The optimal lag chosen by SBC (Schwarz Bayesian Criterion) are given in parentheses.

(2) The maximum lag length is 2. (3) SBC is recommended by ERS (1996) for selecting lag length.

(4) The asterisk indicates the rejection of null hypothesis (i.e. the existence of unit root) at the 5%

significance level

As is seen from Table 3C.1. for the levels of all the variables, the null hypothesis of

a unit root is not rejected but for the first differences of all variables, it is rejected at

the 5% significance level. Thus, knowledge indicators contain unit root.

133 As mentioned previously Elliott-Rothenberg-Stock (ERS) DF-GLS tests (Elliott et al.,1996) are

considered to be more powerful than ordinary ADF tests.
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3C.2.2 Cointegration Analysis

In this section first we introduce each variable (dimension indices) separately to the
model then we estimate our model by introducing all sub indices together to see
their joint impact on capital per labor output as set out in Equations 3C.1 and

Equation 3C.2, respectively. Cointegration results are provided in Table 3C.2.

Table 3C.2. Estimation Results (y;)

Variables Model 1 Model 2 Model 3 Model 4 Model 6

kq 0.357* 0.1775% 0.6705%* 0.2578* 0.3867*
(0.0672) (0.0916) (0.029) (0.111) (0.1197)

ILNC 0.571%* 0.3242
(0.1108) (0.1807)

ILNO 0.9911* 0.1212
(0.0916) (0.0801)

ILNP 0.1098 0.00158
(0.065) (0.0421)

ILNE 1.7170* 2.1832%
(0.200) (0.3646)

Constant 4.544 5.824 2.1003 9.1591 10.1029
Cointegration N N N N

Note: The standard errors are provided in brackets and * indicates significance at 5% significance
level.

The Trace and Max tests, with the exception of Model 3, suggests one cointegration
relation among the variables in all models (see Table 3C.2). As expected, in all
models output per labor (y,) is positively affected by physical capital per labor (k).
In Model 1, Model 2 and Model 4 knowledge indicators have positive significant

effect on output per labor. When we compare their impact on output per labor
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education has the highest impact followed by openness and communication. On the
other hand as can be seen from Table 3C.2 in Model 3 total patents seem to have
positive but statistically insignificant effect output per labor. However, when we
considered domestic patents instead of total patents we have found significant
results. The results of the cointegration analysis with domestic patents is as

follows:

y, =2.412+0.629k,+0.261D P, (3C.3)
(0.035) (0.086)

where standard errors are presented in brackets, DP is domestic patent (in log and

normalized) and the other variables are as defined earlier.

Therefore, these results lend support to our arguments to use various indicators of

knowledge as a determinant of TFP and hence growth in Turkey.

In Model 6 we introduce all variables together into the model. All variables seem to
have positive effect on output per labor however with the exception of capital per
labor and the education sub index the variables are not statistically significant at

conventional critical values (see Table 3C.2).

Finally, as can be seen from Model 5 (complete specification) when all four
knowledge indicators are introduced to the cointegration analysis only the
education variable is found statistically significant. As has been explained in
Section 3.3. these indicators are highly correlated and this seems to be causing a
serious multicollinearity problem. Thus, the results in this appendix section
supports our arguments in favour of constructing a knowledge index to see the
impact of knowledge variables on the growth performance of the Turkish

economy.'™*

'3 When we re-construct KNIW using domestic patents (DP) rather than total patents we obtained
similar results.
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Appendix 4A. Share of the Manufacturing Sub-Sectors in the Total Exports (%)

Manufacturing Sub-Sectors 1996 2000 2007 2008 2009 2010
Basic Metal Industry 10.9 8.8 12.2 17.9 15.8 14.7
Motor Vehicles and Trailers 4.8 6.8 16.8 15.3 13.5 14.9
Garments 23.5 21.2 11.7 9.2 10.1 104
Textile Products 18.6 18.1 10.7 9.1 10.0 9.6
Machinery and Equipments Not Included in Other Groups 4.0 54 7.9 7.8 8.5 8.3
Coke, Refined Petroleum Products and Nuclear Fuels 1.3 1.2 4.9 5.8 3.8 4.2
Foodstuff and Drinks 12.0 7.2 5.1 5.2 6.2 5.8
Metal Commodities (except for machines and equipments) 2.3 2.6 4.2 4.4 4.7 4.5
Electrical Machines and Devices Not Included in Other Groups 3.8 3.2 4.1 4.0 4.3 4.3
Chemicals and Products 6.1 5.5 4.0 4.0 4.5 5.1
Plastic and Rubber Products 2.5 3.1 3.9 3.8 4.2 4.4
Other Non-Metallic Mineral Products 3.8 4.4 34 3.5 3.9 3.9
Furniture and Other Products Not Included in Other Groups 1.2 2.5 3.1 2.8 2.9 3.2
Other transportation vehicles 0.8 3.5 2.7 2.7 2.5 1.6
Radio, Television, Communication Equipments and Devices 1.5 3.8 2.7 1.9 2.0 1.9
Paper and Paper Products 0.6 0.6 0.8 0.8 1.0 1.1
Tanned Hide, Bags, Shoes 1.1 0.7 0.6 0.5 0.5 0.6
Tree and Mushroom Products (except for furniture); woven Materials 0.3 0.2 0.5 0.4 0.5 0.5
(wicker products)

Medical Products, Sensitive Optic Tools and Clocks 0.3 0.3 0.3 0.3 0.4 0.4
Tobacco Products 0.5 0.5 0.2 0.2 0.3 0.3
Publication, Cassette etc. 0.2 0.2 0.1 0.1 0.2 0.1
Office, accounting and data processing machines 0.1 0.2 0.1 0.1 0.1 0.1

Source : TurkStat
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Appendix 4B. The Manufacturing Sub-Sectors in Nace Codes

Table 4A.1 Manufacturing Sub-Sectors in Nace Codes

NACE 1.1 (15-35)

NACE 2 (10-35)

TOBACCO TOBACCO

16: TOBACCO 12: TOBACCO

TEXTILE AND LEATHER PRODUCTS TEXTILE AND LEATHER PRODUCTS
7: TEXTILE AND TEXTILE PRODUCTS 13: TEXTILE

18: WEARING APPERAL
19: LEATHER AND RELATED PRODUCTS

14: WEARING APPERAL
15: LEATHER AND RELATED PRODUCTS

WOOD
20: WOOD

WOOD
16: WOOD

PAPER PRODUCTS AND PUBLISHING
21: PULP PAPER AND PAPER PRODUCTS
22: PUBLISHING AND PRINTING

PAPER PRODUCTS AND PUBLISHING
17: PAPER AND PAPER PRODUCTS

18: PRINTING AND REPRODUCTION OF
RECORDED MEDIA

COKE AND REFINED PETROLEUM PRODUCTS
23: COKE AND REFINED PETROLEUM PRODUCTS

COKE AND REFINED PETROLEUM PRODUCTS
19: COKE AND REFINED PETROLEUM
PRODUCTS

CHEMICALS
24: CHEMICALS AND CHEMICAL PRODUCTS
INCLUDING PHARMACEUTICAL PRODUCTS

CHEMICALS
20: CHEMICALS AND CHEMICAL PRODUCTS
21: PHARMACEUTICAL PRODUCTS




181

Table 4A.1 Manufacturing Sub-Sectors in Nace Codes - Continued

NON-METALIC MINERAL PRODUCTS NON-METALIC MINERAL PRODUCTS
26: NON-METALIC MINERAL PRODUCTS 23: NON-METALIC MINERAL PRODUCTS




81

Table 4A.1 Manufacturing Sub-Sectors in Nace Codes - Continued

TRANSPORT

34: MOTOR VEHICLES, TRAILERS AND SEMI-
TRAILERS

35: OTHER TRANSPORT EQUIPMENT (SHIPS,
TRAMWAY, LOCOMOTIVES, AIRCRAFT,
SPACECRAFT, BICYCLES

TRANSPORT

29: MOTOR VEHICLES, TRAILERS AND SEMI-
TRAILERS

30: OTHER TRANSPORT EQUIPMENT

33: REPAIR OF MACHINERY AND EQUIPMENT

FURNITURE
36: MANUFACTURING n.e.c. (FURNITURE, CHAIR,
KITCHEN, OFFICE ETC.)

FURNITURE
31: MANUFACTURE OF FURNITURE

RECYCLING
37: RECYCLING

RECYCLING
35: RECYCLING




Appendix 5. Turkish Summary

Yasadigimiz yiizyilda iilkeler kiiresel diinya diizeni tarafindan sekillenen bir "bilgi
ekonomisi"ne dogru yol almaktadir. Bu kapsamda, bilginin cesitli boyutlarinin
(stitunlarinin), iilke, sektor ve firma diizeyinde, verimlilik ve sermaye birikimi
tizerindeki etkisi iktisat¢ilar ve aragtirmacilar tarafindan yogun olarak arastirilmaya
baslanan konulardan birisi olmustur. Bu c¢alismalarin sonucunda elde edilen
bulgulara gore bilgi ekonomisinin farkli boyutlar1 arasinda en fazla 6ne ¢ikanlar,
insan sermayesi, arastirma ve gelistirme (Ar-Ge), bilgi ve iletisim teknolojileri ile
uluslararas: ticarettir.'> Bilginin farkli yoOnlerinin her biri iilkelerin verimlilik
diizeyini artirmanin yani sira "girdi” birikimini ve dolayisiyla biiyiime

performansini da etkilemektedirler.

Bu doktora tezinin amaci, hem makro hem de mikro diizeyde bilginin farkli
boyutlarinin ekonomik biiyiime iizerindeki etkilerini incelemektir. Calismanin
mikro ve makro diizeyde yapilmasi bize bilginin, biiylime dinamikleri ve yakalama
stirecindeki etkisine iligkin daha kapsamli bir arastirma yapma olanagi
saglamaktadir. Dolayisiyla bu tez, mikro ve makro diizeyde (iilkelerarasi, ulusal ve
firma seviyesinde) bilginin bir biitiin olarak ekonomik biiyiime performans: iizerine
etkisini detayli olarak irdelemeyi hedefleyen ii¢ tane bagimsiz makaleden

olusmaktadir.

[k makale Ekonomik Isbirligi ve Kalkinma Orgiitii (OECD) iiyesi 34 iilkede, 1995-
2011 doneminde, bilginin ekonomik biiyiime performansi iizerine dogrudan etkisini
incelemenin yam sira Orgiit icerisinde geriden gelen iilkelerin lider iilkeleri
yakalama performanslar1 iizerinde bilginin etkisini de incelemektedir. Ikinci

makale, dort farkli bilgi gostergesinin, 1960 ile 2010 arasindaki donemde,

155 Daha fazla detay Griliches (1962, 1992, 1994), Romer (1986), Lucas (1988), Grossman ve
Helpman (1994), Benhabib ve Spiegel (1994), Nelson ve Phelps (1966) ve Chen ve Dahlman
(2004) makalelerinde bulunabilir.
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Tiirkiye'nin ekonomik biiyiime performansina olasi etkisini incelemektedir. Ugiincii
makale ise 2003’den 2010’a kadar olan donemde, Tiirkiye imalat sektoriindeki
firmalarin, kendi Ar-Ge’leri ile sektdrdeki mevcut bilginin yayiliminin firmalarin

verimlilik diizeylerine etkisini arastirmaktadir.

Asagida, bu doktora tezini olusturan ve yukarida bahsi gecen ii¢ makalenin genis

Ozeti sirasiyla sunulacaktir.

1. Makale: Bilgi, Teknolojiyi Yakalama ve Ekonomik Biiyiime: OECD

Ulkelerini Kapsayan bir Panel Veri Analizi

Nobel odiillii Robert M. Solow basta olmak iizere, baz1 ekonomistler, arkadan gelen
fakir {iilkelerin mevcut teknolojik yeniliklere veya gelismelere hicbir engelle
karsilasmadan rahat bir sekilde erisim saglayabilecegini ve bunun neticesinde uzun
donemde fakir {ilkelerin zengin {ilkelerin gelir diizeyini yakalayacaklarini
(yakinsayacaklarin1) savunmaktaydilar. Daha sonraki donemlerde arastirmacilar
arkadan gelen iilkelerin mevcut teknolojik yenilikleri rahat bir sekilde
kullanabilmelerinin ancak benzer teknolojik altyapiya sahip olmalari durumunda
gerceklesebilecegini vurgulamislardir. Bu akimin adi “teknoloji acig1"dir. Teknoloji
acig1 teorisyenleri, teknolojik farklarin iilkelerin gelir diizeyleri arasindaki farkin
ana nedeni oldugunu ve geriden gelen iilkelerin lider iilkelerin gelir seviyelerine
ulasmak i¢in teknoloji bakimindan onlar1 yakalamaya calistiklarinin altini
cizmektedirler. Buradaki can alici argiiman, ozellikle ¢ok geriden gelen iilkelerin
lider iilkeleri yakalamalarmin neredeyse imkansiz olmasidir. Ciinkii gerideki
ilkeler mevcut teknolojiyi kullanmak icin gerekli kapasiteye sahip olana kadar,
lider iilkeler ileri diizeydeki arastirma ve gelistirme (Ar-Ge) altyapilariyla yeni
teknolojiler gelistirerek daha yeni ve iist diizey teknoloji simirina dogru
ilerlemektedirler. Dolayisiyla, diinyada birkag istisnai iilke disinda (genelde bunlar

lider iilkelerin teknolojik yapilarina yakin olan iilkelerdir), {ilkelerin lidere
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yakinsamalarindan ziyade, zengin ve fakir iilkeler arasindaki teknoloji ve gelir farki

suirekli artmaktadir.

Bu alanda 6nde gelen calismalardan birisi Nelson ve Phelps (1966) tarafindan
yapilmistir. Nelson ve Phelps (1966) makalelerinde egitimi yeni teknolojileri
kullanma ve anlama becerisini sekillendiren en 6nemli faktor olarak sunmuglardir.
Egitimin 6nemini vurgulamak i¢in makalelerinde ¢ift¢i 6rnegini kullanmislardir. Bu
ornekte ancak yeterli diizeyde teknik bilgiye sahip olan ¢iftcinin, piyasaya sunulan
yeniliklerin getirecegi olas1 avantaji daha iyl dngorebilecegi ve bunu ilk kullanan
olarak rakipleri karsisinda daha fazla rekabet giiciine sahip olacag: belirtilmektedir.
Diger bir deyisle, Nelson ve Phelps (1966) yeni teknolojileri ancak bu teknolojiyi
anlamak ve kullanabilmek icin belirli bilgi birikimine (hem yazili hem de zimni)

sahip olanlarin avantajlarina ¢evirebileceklerini vurgulamaktadirlar.

Benzer sekilde iilkelerin bilgi birikimleri de teknoloji agisindan lider olan iilkeleri
yakalamalarinda  belirleyici  rol  oynamaktadir.  Dolayisiyla  bilgininin
mevcudiyetinden ziyade bu bilgiyi anlayabilecek ve kullanabilecek kalite seviyesi
(bilgi birikimi) iilkeler arasindaki yakalama ve yakinsama siirecinde belirleyici

olmaktadir.

Benhabib ve Spiegel (1994) calismalarinda, Nelson ve Phelps'in yaklagimini temel
alarak, yeni biiylime teorilerinin endojen yapisimi kullanip beseri sermayenin, 60
ilkenin 1965’den 1985’ye kadar olan donemde, ekonomik biiylime ve yakinsama

stirecleri iizerine etkisini incelemisler.

Benhabib ve Spiegel (1994) ilk gelistirdikleri modelde beseri sermayenin kisi
basina GSYH {izerinde dogrudan etkisinin olmadigin1 ancak beseri sermaye
stokunun toplam faktor verimliliginin biiylime hizim1 belirledigini gostermislerdir.
Kisacasi, egitim kalitesinin iilkelerin toplam faktdr verimliligini etkiledigini tespit

etmiglerdir.

185



Makalelerinde olusturduklari modelde Benhabib ve Spiegel (1994), lider iilke ile
arkadan gelen iilkeler arasindaki teknolojik agigini, arkadan gelen iilkenin egitim
seviyesinin belirledigini savunmaktadirlar. Diger bir deyisle, beseri sermayenin
ilkelerin teknoloji kabiliyetlerinin {izerinde iki roliiniin oldugunu belirtmektedirler.
Birincisi, beseri sermaye iilkenin teknoloji yenilikleri (inovasyonu) konusundaki
yerel kabiliyetini belirlemekte ve ikinci olarak ithal edilen teknolojinin adaptasyonu

ve kullaniminda belirleyici olmaktadir.

Modelde, lider iilke en yiiksek toplam faktor verimliligine sahip olan iilke olarak
tanimlanmaktadir. Daha sonra arkadan gelen bir diger iilke lider iilkenin egitim
diizeyini gectigi zaman, lider iilke egitim avantajim1 kaybetmekte ve dolayisiyla
arkadan gelen bu iilke lider iilke konumuna yiikselmektedir. Ayrica, Benhabib ve
Spiegel (1994) toplam faktor verimliligi bakimindan lider iilkeye uzak (daha diisiik
toplam faktor verimliligine sahip) olan iilkelerin, yakinsama etkisi nedeniyle, daha
yiiksek diizeyde biiylime oranina sahip olacaklarini varsaymaktadir. Bununla
baglantili olarak lidere hem egitim hem de teknoloji bakimindan ¢ok yakin olan
ilkelerin biiyiime oranlarinin hem daha diisiik olacagi hem de bu durumda

yakalama etkisinin de anlamsiz olacagidir.

Tezin ilk makalesinde olusturulan model, Benhabib ve Spiegel (1994) caligmasini
temel alarak, bilginin iilkelerin uzun dénemdeki biiyiime performans: ve yakalama

(yakinsama) siireclerine etkisinin olup olmadigini incelemeyi hedeflemektedir.

Makalede ilk olarak, Benhabib ve Spiegel’den (1994) farkli olan nokta, beseri
sermayenin yani sira AR-GE, uluslararasi ticaret ve bilisim teknolojileri gibi
bilginin 6nde gelen diger boyutlarin1 da modele eklenerek bilginin daha kapsamli
olarak {iilkelerin yakalama siirecindeki etkisi incelenmeye calisilmistir. Daha sonra,
Griliches (1980) gibi Ar-Ge harcamalarinin GSYH’ya oranimi Ar-Ge gostergesi
olarak kullanmak yerine (bilgi birikiminin mevcut ve ge¢cmis Ar-Ge harcamalarinin
fonksiyonu oldugunu goz Oniinde bulundurarak) makalede Ar-Ge stoku siirekli

envanter sistemi metoduna uygun olarak hesaplanip kullanilmistir. Daha sonra ilk
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modeli 34 OECD iilkesinin 1995’den 2011'i kapsayan donem igin panel veri ile
bilginin ekonomik biiyiime ve iiye iilkelerin lider iilkelere yakinsamasi incelenmeye
calistlmistir. Bu analizin sonucunda elde edilen ampirik sonuglarin ¢ogunlugu
teorik ve istatistiksel olarak beklenen sonuclari vermemistir. Bu sonuclarin
nedenlerini arastirdigitmizda Nelson ve Phelps’in (1966) spesifikasyonunu takip
eden Benhabib ve Spiegel (1994) modelinin yapisinda ciddi kisitlamalar oldugu
tespit edilmistir. Daha ©Once belirtildigi gibi Nelson ve Phelps (1966) yeni
teknolojilerin kullaniminda veya adaptasyonunda egitimin diger bir deyisle beseri
sermayenin kalitesinin belirleyici oldugunun altim1 cizilmektedir. Dolayisiyla
Nelson ve Phelps (1966) beseri sermayeyi modele toplam faktor verimliligi
tizerinden eklemekte ve ayni sekilde onlar takip eden Benhabib ve Spiegel (1994)
ve dolayisiyla ilk basta bizde Nelson ve Phelps’in spesifikasyonunu takip ederek
bilgi gostergelerini (beseri sermaye ve AR-GE stoku dahil) modele yalnizca toplam

faktor verimliliginden dahil ettigimizden dolay1 sorunla karsilagtifimizi tespit ettik.

Yeni modelimize, Lucas’1 (1988) takip ederek, beseri sermayeyi fiziki sermaye gibi
modele bir girdi olarak dahil ettigimizde, biiylime siirecinde beseri sermaye
birikiminin roliinii  yakalamakta daha basarili sonuclara ulasilabilecegi
bulunmustur. Dolayisiyla, makalenin ikinci kisminda, Lucas’1 (1988) takip ederek
beseri sermaye fiziki sermayenin yam sira ilave girdi olarak ve diger bilgi
degiskenlerini (uluslararasi ticaret, Ar-Ge ve bilisim teknolojilerini) ise Griliches
(1979) ve Eberhardt ve ark. (2013) takip ederek degisim faktorleri olarak modele
eklenmis ve bu yeni iiretim fonksiyonu genisletilmis bilgi iiretim fonksiyonu olarak

adlandirlmistir.

Ayrica, makalenin ilk kisminda Benhabib ve Spiegel’i (1994) takip ederek
uyguladigimiz statik panel veri analizi yerine ikinci modelin analizinde dinamik
panel veri analiz teknigi kullamilmistir. Bu yeni yaklagim, modeldeki uzun donem
iliskisini dikkate alarak, verideki bilginin uzun dénemli etkisini gozlemleme imkan1
sunmustur. Bu bir onceki analizde, Benhabib ve Spiegel (1994) yaklasiminda

tiretim fonksiyonunun fark (difference) formunda olmasi nedeniyle degerli uzun
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donem bilgileri kaybedildiginden dolayr miimkiin olmamaktaydi. Bu nedenle
Peseran ve ark. (1999) calismasim takip ederek sadece uzun donemli katsayilarinin
tiim {ilkeler i¢in ayn1 oldugu ve iilkeler arasinda kisa donemli katsayilarin farlilik
gosterdigi Birlesik Agirlikli Grup (BAG) tahmin metodunu kullanmaya karar
verdik. Yeni iiretim fonksiyonunun BAG tahmin sonuglarimi hem teorik hem de
istatistiksel olarak anlamli bulduk. Diger bir deyisle, bu yeni yontemle 1995-2011
doneminde 34 OECD iilkesini kapsayan analizimiz, bilgi (beseri sermaye, bilisim
teknolojileri, Ar-Ge ve uluslararasi ticaret) degiskenlerinin bir biitiin olarak hem
OECD iiyelerinin ekonomik biiylime performanslar: iizerinde olumlu etkisi oldugu
hem de geride kalmis OECD diilkelerinin uzun donem ortak bir dengeye yakinsadigi

sonucuna ulasilmistir.

Ozetle, birinci makalenin ilk 6nemli bulgusu, Benhabib ve Spiegel (1994) modeli
ve bu makaleyi takiben kullanilan ampirik yaklagimlarin ciddi zafiyetlerinin
oldugunu belirlemek olmustur. Bu sonu¢ dogrultusunda, arastirmanin ileriki
asamalarinda bilginin ekonomik biiyiime iizerine etkisini inceleyebilecegimiz yeni
bir alternatif model olusturmaya ve bu modeli yeni bir ampirik metodoloji ile
incelemeye calistik. Neticede olusturdugumuz yeni yaklagim, OECD iilkelerinde
teorik olarak bekledigimiz gibi bilginin ekonomik biiylime iizerinde etkisinin
oldugunu ve bilgi gostergelerinin iilkelerin uzun dénemde ortak biiylime dengesine
yakinsamalarinda etkili oldugunu gostermistir. Sonu¢ olarak, bu makale hem
bilginin iilkelerin biiyiime ve yakinsama performanslar iizerinde etkili oldugunu
hem de literatirde ©Onde gelen bazi caligmalarin da ciddi zayifliklarinin

olabilecegini gostermistir.

2. Makale: Bilginin Ekonomik Biiyiimedeki Rolii: Tiirkiye Ornegi, 1963-2010

Ugiincii boliimde sunulan ikinci makalede, iiretim fonksiyonu yaklasimi ve zaman

serisi teknikleri kullanmilarak, 1963-2010 doneminde, bilginin bir biitiin olarak

188



Tiirkiye’nin ekonomik biiyiime performanst iizerindeki etkisi incelenmeye

calisilmistir.

Bir onceki makalede oldugu gibi bilginin dort farkli boyutu olan beseri sermaye,

Ar-Ge, uluslararasi ticaret ve bilisim teknolojileri kullanilmustir.

Bu makalenin iki tane o6nemli katkisi bulunmaktadir. Ilk olarak, bildigimiz
kadariyla, bilginin Tiirkiye’nin ekonomik performansi iizerine yapilan daha onceki
calismalarda, bilginin farkli boyutlar1 bir arada arastirilmadigl ve genelde sadece
bilginin tek bir boyutu, 6zelikle Ar-Ge, arastirmalarda incelenmistir. Ornegin, Kar
ve Agir (2004), Ozsoy (2009) ile Simsek ve Kadilar (2010) sadece Ar-Ge’nin farkli
boyutlarinin  Tiirkiye’nin ekonomik biiyiime performans: iizerine etkisini
incelemisglerdir. Dolayisiyla, bu makalenin ilk katkis1 Tiirkiye'nin ekonomik
biiylime performansi iizerinde bilginin dort farkli boyutunun (gostergelerinin)
etkisinin bir biitiin olarak incelenmis olmasidir. Bu kapsamda, 6nce ic¢sel biiyiime
modellerinin farkli yapilarini dikkate alarak bilginin farkli boyutlarini (6rnegin,
insan kaynaklari, Ar-Ge, ticaret, vs.) Tiirkiye’nin ekonomik biiyiime siirecindeki

etkisini inceleyebilecegimiz yeni bir model gelistirdik.

Makalenin ikinci katkisi ise bilginin bir biitiin olarak Tiirkiye ekonomisine etkisini
daha iyi bir sekilde yakalayacagini diisiinerek olusturdugumuz “bilgi endeksi”dir.
Diger bir deyisle, bilgi endeksi bilginin farkli boyutlarinin bir biitiin olarak tek veri
halinde ve daha kapsamli olarak bilginin ekonomideki diizeyini 6l¢gmemize olanak
tanimaktadir. Ayrica, bilgi endeksinin olusturulmasi bize sadece ekonomideki bilgi
diizeyinin bir biitiin olarak kapsamli bir Ol¢iimiinii vermekle kalmayip ayni
zamanda bilgi degiskenleri arasindaki olasi c¢oklu dogrusallik problemini de

gidermemize olanak tanimaktadir.

Makalede bilgi siitunlarinin (boyutlarinin) gostergeleri olarak; ortalama egitim
sliresi beseri sermayenin gostergesi; toplam telefon abone sayisi bilisim
teknolojilerinin gostergesi; toplam uluslararasi ticaretin (ithalat art1 ihracat) Gayri

Safi Yurtici Hasilaya (GSYH) orani uluslararasi ticaretin gostergesi; ve son olarak
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toplam patent bagvurulari da Ar-Ge gostergesi olarak kullanilmistir. Bilgi
stitunlarinin  gostergelerinin se¢iminde hali hazirda kullanabilecegimiz mevcut

veriler belirleyici olmusgtur.

Bilginin dort boyutunun farkli degerlere ve farkli iist ve alt sinir (minimum ve
maksimum) degerlerine sahip olmasindan dolayr endeksi olustururken Insani
Gelisme Endeksinin metodolojisinden faydalandik. Bu yontem kapsaminda, ilk
once makalede inceledigimiz bilginin her bir siitunun gostergesinin minimum ve
maksimum sinirlarim belirledik ve bu degerler kapsaminda her bir gosterge i¢in
sifir ile bir arasinda endeks degeri belirlendi. Bu degisimin ardindan ilk basta farkli
birimlerden olusan dort bilgi gostergesinin degerlerini birimden arindirilmis, sifir
ve bir arasinda olan, ham verilere doniistiirerek hem kiyaslanabilmelerine hem de
onlar1 bir arada kullanma olanagina kavusmus olduk. Daha sonra soz konusu dort
farkli bilgi gostergesinden tek bir gosterge (bilgi endeksi) olusturabilmek icin her

bir bilgi gostergesi i¢in ayr1 ayri (alt) boyut endeksi hesaplanmugtir.

Bilgi gostergelerini normallestirdikten ve her bir gostergenin ayri ayr1 boyut
endeksini hesapladiktan sonra Bilgi Endeksini dort alt endeksin ortalama agirlig

olarak hesapladik.

Birlesmis Milletler tarafindan gelistirilen Insani Gelisme Endeksinde her alt
endeksin agirligr belirlenirken basit ortalama agirlik metodolojisi kullanilmaktadir.
Bunun nedeni bu endekste kullanilan ii¢ boyutun esit oranda agirhiga sahip
oldugunun varsayilmasidir. Ancak, biz basit ortalama agirlik metodolojisini
kullanmak yerine, Alesina ve Perotti (1996) ile onun benzeri olan ¢alismalar1 g6z
oniinde bulundurarak, temel bilesen analizini kullanarak her gdstergenin ilgili
agirhigint belirlemeye calistik. Daha sonra temel bilesen analizinin sonucunda elde

ettigimiz agirliklart kullanarak Bilgi Endeksini hesapladik.

Kisacas1 makalede icsel biiylime teorisinden faydalanarak olusturdugumuz
modelimizden sonra bilginin bir biitiin olarak Tiirkiye ekonomisinin iizerindeki

olas1 etkisini incelemek icin bilgi endeksi olusturduk. Bu bilgi endeksi bilginin dort
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farkli boyutunu kapsayan dort alt endeksin birlesiminden olusmaktadir.
Dolayisiyla, bu bilgi endeksi bize belirli bir zaman diliminde bilginin diizeyini
gostermektedir. Diger bir deyisle, bilgi endeksi bize Tiirkiye nin bilgi diizeyindeki
gelisimi analiz etme imkan1 saglamaktadir. Ornegin, eger Tiirkiye’de bir 6nceki yila
kiyasla mevcut bilgi endeksi daha yiiksek seviyede ise bu bize bilgi diizeyinde bir
iyilesme veya gelisme oldugunu gostermektedir. Ancak, bilginin boyutlarini
(stitunlarinin) degerlendirirken, o©zellikle uluslararas1 ticaret ve Ar-Ge’nin,
ekonomik sartlara (6rnegin ekonomik kriz) karsi ¢cok hassas oldugunu g6z oniinde

bulundurmak ve buna gore sonuglar1 degerlendirmek gerekmektedir.

Hesaplamis oldugumuz bilgi endeksi bize 1963-2010 doneminde Tiirkiye’deki bilgi

diizeyinde siirekli bir artisin gerceklesmis oldugunu gostermektedir.

Zaman serisi (esbiitiinlesme) analizinin sonucu bilginin farkli siitunlarinin bir biitiin
olarak soz konusu donemde (1963-2010) Tiirkiye’nin ekonomik biiyiime orani
tizerinde hem pozitif hem de istatistiksel olarak anlamli etkisi oldugunu
gostermistir. Diger bir deyisle, makalemizde inceledigimiz bilginin dort farkl
boyutu bir biitiin olarak 1963-2010 doneminde iilkemizin ekonomik biiyiime

performansina olumlu katki saglamistir.

3. Makale: Bilginin Firmalarm Verimliligi Uzerine Etkisi: Tiirkiye imalat

Sanayi iizerine bir Mikro Ekonomik Analiz

Tezin dordiincii boliimiinde yer alan iiciincii makalede bilginin Tiirkiye imalat
sanayi lzerindeki etkisi firma diizeyinde panel veri ve genellestirilmis momentler

metodu (GMM) kullanarak 2003’den 2010’u kapsayan donem i¢in analiz edilmistir.

Firmalarin varoluslarini belirleyen en dnemli etkenlerden birisi olmasindan dolayi,
firma diizeyinde yapilan bir¢cok calismada verimliligin firmalarin biiylime diizeyi

tizerindeki etkisine yogunlagilmaktadir.
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Firmalarin verimliligine katki saglayan faktorler ikiye ayrilmaktadir. Bunlar igsel
(firma biiyiikliigli, insan kaynaklari, Ar-Ge yatirimlari, vs.) faktorler ve digsal
(endiistriye 0zel Kkarakteristikler, Ornegin 1is¢i hareketi, kurumsal altyapr)
faktorlerdir. Genelde firmalarin verimliligi bu iki faktoriin alt bilesenlerinin
birlesiminden olusmaktadir. Ornegin, Griliches (1992, 1994), insan sermayesi,
Olcek ekonomileri ve endiistriye 6zel faktorlerin firmalarin verimlilik diizeyini

belirleyen temel faktorler oldugunu belirtmektedir.

Yakinsama (yakalama) bakimindan firma diizeyindeki argiimanlar makro
diizeydeki (birinci makalede bahsi gecen) argiimanlarla ortiismektedir. Bir tarafta,
lider firmadan yeni bilginin takip¢i firmalara olacak yayiliminin eninde sonunda
tiim firmalarin biiyiime oranlarim1 yakinlastiracagina iligkin argiimanlar yer alirken
diger tarafta lider firmaya sadece teknik bilgi ve yetenek bakimindan yakin olan
firmalarin, daha geriden takip eden diger firmalara kiyasla, daha hizli bir sekilde
ayn1 diizeyde verimlilik seviyesini yakalayacagim belirtilmektedir. Findlay (1978)
lider firma ile takip eden firmalarin arasindaki teknolojik fark ne kadar fazla olursa
yakinsama mesafesinin de fazla olacagini ve dolayisiyla arkadan gelen firmalarin
Ar-Ge’lerindeki gelismenin de daha hizli olacagin belirtmektedir. Diger yandan
Cohen ve Levinthal (1990) lider firma ile benzer teknolojik altyapiya sahip geriden
gelen firmalarin digerlerine kiyasla daha hizli bir sekilde lider firmanin verimlilik
oranina yakinsayacagini belirtmektedirler. Baska bir deyisle hem firmalarin
arasindaki mesafe hem de kabiliyetlerinin heterojenlik diizeyi geriden gelen

firmalarin lider firmay1 yakalama hizimi belirmektedir.

Ikinci makalede oldugu gibi, birka¢ calisma disinda, Tiirkiye’de firma diizeyinde
bilginin verimlilik iizerine etkisini arastiran ¢alismalarda sadece Ar-Ge’nin farkli
yonleri arastirilmistir. Hi¢ kuskusuz bu c¢alismalar bize firmalarin verimlilik

diizeylerinde etkili olan faktorlere iliskin degerli ve faydali bilgiler saglamaktadir.

Bildigimiz kadariyla, Tiirkiye imalat sanayindeki firmalara iligkin olarak hem

bilginin firmalarin performanslarinin iizerindeki farkli boyutlart hem de bilginin
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farkli gostergelerinin geriden gelen firmalarin yakinsamalar iizerindeki etkisi en

kapsaml1 olarak yakin zamanda Ulkii ve Pamukcu (2015) tarafindan incelenmistir.

Ulkii ve Pamukgu (2015) Tiirkiye’de 2003’den 2007 ye kadar olan dénemde imalat
sanayindeki firmalarin verimliligi {lizerine Ar-Ge’nin etkilerini ve bilginin
difiizyonunun (yayihiminin) Tiirkiye Istatistik Kurumunun (TUIK) Sanayi ve
Hizmetler anket verilerini kullanarak incelemislerdir. Bu calismanin sonuglari, Ar-
Ge yogunlugunun artmasinin esik diizeyde teknik kapasiteye sahip firmalarin
verimlilik diizeyini arttirdi@in1  gostermistir. Daha oOnce belirtildigi gibi, bu
calismay1 bilgi gostergelerinin Tiirkiye imalat sanayindeki firmalarin verimliligi
iizerini etkisini arastiran en kapsamli ¢alisma olmasindan dolay1 temel almaya karar
verdik. Bu karar dogrultusunda, Ulkii ve Pamukcunun (2015) analizini TUIK in ii¢
farkli anketinin verilerini kullanarak olusturacagimiz daha kapsamli bir veri seti ve

daha uzun zaman boyutu ile giincellemeyi hedefledik.

Ulkii ve Pamukgu (2015) ¢aligmalarinda daha 6nce deginildigi gibi sadece TUIK in
Sanayi ve Hizmetler anket verilerini kullanmislardi. Bizim ilk farkimiz TUIK in ii¢
farkli anketini, diger bir degisle Sanayi ve Hizmetler anketi, Ar-Ge anketi ve Dig
ticaret Anketi verilerini kullanarak yeni bir veri seti olusturmak oldu. Bu yeni veri
setinin en Onemli Ozelligi Ar-Ge anketinde yer alan Ar-Ge verilerinin Frascati
Kilavuzuna uygun olarak derlenmis olan verilerden olugmasidir. Ayrica, daha uzun
zaman boyutunda verilerin mevcut olmasindan dolay1 bizim ¢alismamiz daha uzun

bir zaman siirecini (2003-2010) kapsamaktadir.

Ampirik sonuglarimiz Ulkii ve Pamukcu’nun (2015) fiziki sermaye stoku, firma ici
Ar-Ge stoku, pazar konsantrasyonu, uluslararasi ticaret, teknolojik kapasite ve
yabanci sermayenin Tiirkiye imalat sanayindeki Ar-Ge aktivitelerinde belirleyici
oldugu konusundaki bulgular1 desteklemektedir. Sonuclarimiz  teknolojik
kapasitenin  firmalarin  sanayideki mevcut Ar-Ge kullanma becerisinin
belirleyicilerinden biri oldugunu gostermektedir. Ulkii ve Pamukcu (2015) ile bizim

ampirik sonug¢larimiz arasindaki en 6nemli fark, hem tiim hem de yerel 6érneklemde,
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Ar-Ge digsallig1 (yayilmasi) ve yabanci firmalarin Ar-Ge dissalliginin verimlilik
tizerinde her ii¢ (minimum, maksimum ve ortalama) diizeyinde etkisinin
olmamasidir. Sonuglarimiz, Tiirkiye imalat sanayinde Ar-Ge yatirimlar1 acisindan
ciddi sorunlar oldugunun bir gostergesidir. Daha once degindigimiz gibi, bizim veri
setimizde zaman boyutu 2010’a kadar uzatilmistir. Dolayisiyla bizim sonuglarimiz,
2008 yilinda yasanan kiiresel finansal krizinin ve artan uluslararasi rekabetin Tiirk
imalat sektoriindeki firmalarin Ar-Ge yatirimlarinin iizerinde olumsuz etkisinin
oldugunu gostermektedir. Diger bir deyisle, krizden ve artan rekabet ortamindan
dolay1 Ulkii ve Pamuk¢u’nun (2015) calismasini takip eden 2008-2010 déneminde

Ar-Ge yatirimlarini belirleyen bu faktorlerin 6nemlerinin azaldigi goriilmektedir.

Sonu¢ olarak, tezde yer alan {i¢ makale bilginin —verimlilik ve/veya sermaye
birikimi araciligiyla— biiylime {izerine etkisini makro ve mikro diizeyde
(uluslararasi, ulusal ve sektorel diizeyde) incelemektedir. Ozellikle, en 6nemli bilgi
stitunlarinin (beseri sermaye, Ar-Ge, uluslararasi ticaret ve bilisim teknolojileri),
geriden gelen iilkelerin yakalama (yakinsama) cabalar1 (Makale 1); Tiirkiye nin
genel ekonomik biiyiime performansi (Makale 2) ve Tiirkiye imalat sektoriindeki

firmalarin verimliligi tizerine etkisini (Makale 3) incelemektedir.

POLITiKA ONERILERI

Daha once belirtildigi gibi, bu tezin amaci bilginin farkli siitunlarinin verimlilik ve
ekonomik biiylime iizerindeki etkilerinin arastirllmasidir. Tezde yer alan fiig
makalenin sonuglart bilgi gostergelerinin ekonomik biiyiime performanslar
tizerinde hem makro hem de mikro diizeyde katkisi oldugunu gostermistir. Bu
kisim, politika Onerilerimizi makro, mezo ve mikro diizeyde sunmayi

amaclamaktadir.

Ancak, her ne kadar politika Onerilerimizi makro, mezo ve mikro diizeylerde

sunmaya caligsak da, bazen bu {i¢ diizeyin arasindaki c¢izgilerin cok bulanik
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olabilecegini ve bir diizeyde belirtilen Onerinin kolayca diger diizeyde de

uygulanabileceginin altin1 ¢izmek énemlidir.

Makro Diizeyde Oneriler

Bu tez kapsaminda incelenen bilginin farkli siitunlar1 ve onlarin ekonomik biiyiime
izerine olasi sonuglar1 hakkinda elde edilen sonuclar kapsaminda makro (ulusal)

diizeydeki politika onerilerimize asagida yer verilmektedir.

o Ulkelerin ihtiyaclarina uygun ozel politikalar: Sonuclarimiz bilgi siitunlarinin

(degiskenlerinin) iilkelerin ekonomik biiylime siiregleri iizerinde olumlu etkisinin
oldugunu ve bu nedenle iilkelerin gelisimi agisindan onemli oldugunu gosteriyor.
Ancak, biiyiime performanslarin1 arttirma siirecinde {ilkelerin mevcut bilgi
stitunlarin1 kullanma (veya faydalanma) yeteneklerinde onemli diizeyde farklilik
gozlenmektedir. Tezde yer alan birinci makalenin sonuglarindan da goriildiigii
tizere, lilkelerin yapilart homojen degildir ve bu bize iilkelerin sosyal ve ekonomik
yapilarindaki farkliliklarin belirleyici oldugunu gostermektedir. Ulkelerin heterojen
yapilari, halihazirda mevcut olan bilgiyi verimli olarak kullanabilmelerini ve
dolayisiyla lider iilkeleri yakalama kabiliyetlerini belirlemektedir. Ayrica bu
heterojen yapidan dolayi, iilkeler kolay yolu tercih ederek bagka bir iilkenin basaril
sonuglar aldigir politikayr uyguladiklar1 zaman (6zellikle s6z konusu iilkelerin
sosyo-ekonomik yapilar arasinda farklilik olmasi durumunda) olumlu sonug
almalar ¢ok diisiik bir ihtimaldir. Bu nedenle, iilkeler mevcut yapilarini dikkatlice
analiz etmeli ve bunun sonucunda kendi 6zel ihtiyaclarina yonelik olusturulacak
ozel politikalar ile daha basarili sonuclara ulasilabilinece8i hususu goz zrdi

edilmemelidir.

Bu tezdeki caligmalarin sonucunda elde ettigimiz Oonemli bulgulardan bir digeri
arkadan gelen iilkelerin (veya firmalarin) bilgi birikimi bakimindan lider iilkelerden
(veya firmalardan) ¢ok geride olmalari durumunda lider iilkeyi yakalamalarinin
zorlastig1 ve neredeyse imkansizlagtigidir. Diger bir deyisle, uzun dénemde arkadan

gelen iilkeler, lider iilkeleri ancak benzeri bir alt yapiya (Ornegin, ekonomik,
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kurumsal yapi, insan kaynaklar1 vs.) sahip olmalar1 durumunda yakalayabiliyorlar
ve tiim bunlar ayn1 zamanda s6z konusu iilkenin sosyal ve 6ziimseme yetenegini
belirlemektedir. Dolayisiyla yakalama siireci benzeri sosyal ve Oziimseme
yetenegine sahip llkeler/firmalar arasinda daha kolay bir sekilde

gerceklesmektedir.

Bu nedenle, politika yapicilar, iilkelerin yetenekleri arasindaki heterojenitenin séz
konusu iilkenin ihtiyaclarin1 hedefleyen 6zel politikalar gerektirdiginin ve tiim
ilkelerde uygulanabilecek standart bir politika olmadiginin farkinda olmalidirlar.
Bu husus ozellikle, kisitli kaynaklara sahip olan ve bu kaynaklar1 deneme yoluyla
harcama liiksiine sahip olmayan gelismekte olan iilkeler acgisindan biiyiikk onem
tasimaktadir. Dolayisiyla, en ileri diizeydeki teknolojileri iiretmeyi hedeflemek
yerine takip eden iilkeler, mevcut alt yapilarmi1 ve yeteneklerini gz Oniinde
bulundurarak, basarili olabilecekleri ve iilkenin gelisiminde getirisi daha yiiksek

olabilecek teknolojileri adapte etmeye ¢alismalidirlar.

Ozetle, politika yapicilarin ilk yapmasi gereken iilkenin veya hedeflenen sektoriin
(endiistrinin) mevcut durumunu (yeteneklerini) detayli olarak analiz etmelidirler.
Politika yapicilar mevcut durumun analizini yaparken, isgiiciiniin kalitesini, mevcut
altyapiyl, kamu kurumlarinda teknoloji kullanimi ve yayilimini saglama
yeteneklerinin analizine 6nem vermelidir. Politika yapicilar, iilkenin teknoloji
kabiliyetleri konusunda kapsamli ve ayrintili analize sahip olduktan sonra iilkenin
ozel ihtiyaclarin1 hedef alarak mevcut kaynaklar1 etkin bir sekilde kullanabilme
olanagina ve hangi tiir teknolojinin iilkenin uzun veya kisa donem biiyiime
stirecinde etkili olacagin1 belirleyebileceklerdir. Bunun yami sira, uzun vadede
ekonomik biiyiime hedefine ulasilmasi i¢in olusturulan ve uygulanan politikalarin
stirekli gbzden gecirilmesi ve gerekli durumlarda degisiklik yapilarak

giincellenmeleri gerekmektedir.

e Veri kalitesi: Tezde yer alan her iic makalede de yasanan ortak ve en onemli

kisit verinin mevcudiyeti ve kalitesine iliskin sorundu. Ornegin, birinci makalede

196



bilginin iilkelerin ekonomik biiyiime {izerine etkileri ve lider iilkeleri yakinsama
stireclerini incelerken, analizi sadece OECD iilkeleri ile sinirlandirmamizin temel
sebebi birgok iilkenin mevcut olan bilgi gostergelerine iliskin giivenilir ve
kiyaslanabilir verilere sahip olmamasina iliskin sorunla karsilasilmasiydi. Ancak,
her ne kadar OECD iilkelerinin bir¢cogunun bilgi gostergelerine iligkin verileri
mevcut olsa da ozellikle OECD’ye yeni katilan eski Sovyet Birligi iilkelerinin veri
eksikligi olmustur. Tkinci makalede ise, Tiirkiye 'nin 1963’den 2010’a kadar Ar-Ge
harcamalarina iliskin tam (eksiksiz) veri bulunmadigindan patent verileri Ar-Ge
gostergesi olarak kullanilmak zorunda kalinmistir. En son makalede ise
kullandigimz iic TUIK anketinde firmalarin bilgi teknolojileri harcamalart
konusunda somut veri yer almadigindan bu gosterge yerine firmalarin yazilim

harcamalar1 kullanilmistir.

Gercekei ve giivenilir politikalar olusturulabilinmesi i¢in ihtiya¢ duyulan verilerin
derlenmesi ve kalitelerinin artirilmas1 gerekmektedir. Kullanilmakta olan verinin
kalitesi, bilgi gostergeleri agisindan mevcut durumu ve bilgi sermayesinin
artmasina katki saglayacak etkin ve etkili politika araglarinin belirlenmesi acisindan
belirleyici rol oynamaktadir. Dolayisiyla, Tiirkiye’deki bilgi gostergelerinde zaman
serisi analizlerinde Ar-Ge harcamalarinin ve bilisim teknolojileri verilerinin hem
mikro hem de makro diizeyde daha kapsamli veriler ile giincellenmesi ve yeniden

yapilandirilmasi gerekmektedir.

® Bilgi ekonomisinin _ana kaynag ‘‘insan_sermayesi”’: Her {ic makalenin

sonuglart insan sermayesinin incelenen bilgi siitunlar1 (boyutlar1) arasinda en
onemlisi oldugunu gostermektedir. Sonuclarimiz, insan kaynaklarmi bilgi
birikiminin merkezine yerlestiren Mincer (1958), Becker (1962) ve Forray’in
(2004) argiimanlarin1 desteklemektedir. Ayrica, insan sermayesi diger bilgi
stitunlarinin etkin ve efektif kullanimini belirlemektedir. Mevcut bilgiyi tam olarak
sindirebilmek ve kullanabilmek icin beseri sermayenin kalitesi diizeyi iilkelerin

teknolojik kabiliyetlerini belirlemektedir.
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Birinci makalede beseri sermaye OECD iilkeleri arasindaki gézlemlenen ekonomik
biiylime farkinin en onemli faktorii ve lider iilkeden teknolojiyi alip uygulama ve
taklit etme kabiliyetini belirlemektedir. Ikinci makalede de beseri sermayenin
Tiirkiye’nin ekonomik performansinda, 1963-2010 doneminde, 6nemli bir unsur
oldugu gozlenmistir. Uciincii makalede de geriden gelen firmalarin lider firmalari
yakalama siireclerinde beseri sermayenin en belirleyici faktér oldugu sonucuna
ulastik. Firma diizeyinde, Ar-Ge’nin Onkosulunu kalifiye insan kaynagi
olusturmaktadir. Beseri sermaye ayni zamanda firmalarin Ar-Ge kabiliyetlerini
sekillendiren en temel faktordiir. Beseri sermayenin kalitesi hem firmalarin hem de
tilkelerin Ar-Ge kabiliyetini belirleyen en onemli unsurdur. Ayrica, beseri sermaye
bir iilkenin veya firmanin “yakalama tuzagma” diismemesinde rol oynayan en

biiyiik bilgi siitunudur.

Bu sonuglar 1s181inda bilginin ekonomik biiyiime iizerine etkisini mevcut insan
sermayesinin belirledigini gormekteyiz. Diger bir deyisle bir iilkenin veya firmanin

bilgi birikiminin merkezinde beseri sermaye yer almaktadir.

Bu nedenle, en onemli politika 6nerimiz insan sermayesinin gelistirilmesine oncelik
verilmesidir. Ancak, bunu basarmak icin temel egitimin bir gostergesi olan “okul
kayit oranlar1” gibi basit politika araglar1 yeterli olmamaktadir. Hi¢ siiphesiz temel
egitim Ogrenme kapasitesini ve bilgileri kullanmak icin gerekli ancak giiniimiiz

teknolojilerinin geligsmis ve karmasik yapisini anlamak i¢in yeterli degildir.

Uluslararas1 diizeyde en giincel teknolojileri kullanabilmek veya iiretebilmek i¢in
tilkelerin miihendislik ve bilimsel alanlarda yiiksek diizeyde 6grenime sahip insan
sermayesine gereksinimleri vardir. Beseri sermayenin kalitesini artirmaya yonelik
farkli yontemler kullanilabilinir. Ornegin, iiniversiteleri uluslararasi baglanti
kurmaya tesvik eden programlar yerel ekonomilere uluslararasi bilgilerin transferini
saglayacaktir. Bu nedenle, politika yapicilar giiclii yiiksek 6grenim sistemlerinin

kurulmasin1 desteklemeli ve teknoloji bakimindan 6nde gelen iilkeler ile egitim
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degisimi saglayan baglantilarin ve programlarin olusturulmasinda Onciiliik

etmelidirler.

Tiirkiye imalat sanayine (Makale 3) iliskin analizimizde kalifiye ve kaliteli
iggiicliniin artirilmasinin sektdrdeki mevcut bilginin kullanilmasi ve firmalarin Ar-
Ge faaliyetlerinde Onemli ve belirleyici oldugu belirlenmistir. Dogu Asya
tilkelerinin 1990’11 yillardaki basarilarinda, soz konusu iilkelerde teknik diizeyde
egitim veren liselerin yiiksek kalitesinin oradan mezun olan is¢ilerin yeni
teknolojileri adapte (kullanma) ve taklit etmelerinde belirleyici olmustur. Bu
nedenle 6nde gelen teknolojileri kullanma ve taklit edebilme yetisine sahip teknik
diizeydeki lise mezunlarinin sayisinin artirilmasi, ozellikle imalat sanayinin
uluslararas: diizeyde rekabet edebilirligi agisindan Onemlidir. Teknik liselerdeki
egitim kalitesinin artirilmasinin yani sira, firmalar da mevut insan kaynaklarini
gelistirme konusunda tesvik edilmelidirler. Bu nedenle firmalarin insan kaynaklari

egitimlerine yonelik tesvikler de olusturulacak politikalara derc edilmelidir.

Bununla birlikte, biitiin bu onlemlerin etkilerinin uzun vadede gerceklesecegi goz
oniinde bulunduruldugunda, kisa vadeli politikalarda beyin gogiiniin engellenmesi
ve baska iilkelerde calisan yerli aragtirmacilarin geri donmelerine yonelik tesvik
politikalarina oncelik verilmesi gerekmektedir. Bunun yam sira, rekabetgi
olunabilinecek ana sektorler belirlendikten sonra bu sektoriin ihtiyaglar
kapsaminda kalifiye yabanci arastirmacilara cazip imkanlar sunularak onlarin

getirecegi digsalliktan faydalanilmalidir.

o Kilit kurumlarin belirlenmesi: Politika yapicilar bilgi siitunlarin verimli

kullanimimin saglanmasina yonelik Oncelikli olarak kurulmasi gereken kurumlar

tespit etmelidir.

Burada en Onemli husus her iilkenin kosullarinin kendine 6zel oldugudur. Bu
nedenle baska bir iilkede basarili olmus bir politikanin bir diger iilkede ayni
basariy1 yakalamasi pek miimkiin degildir. Politikalarin basarilarini iilkelere 6zel

karakteristikler ve 6zellikle kurumsal yapilar belirlemektedirler
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Helpman (1994) kurumlarin; yenilik ve yeni teknolojilerin gelistirilmesi, iiretimin
yeniden yapilandirilmasi ve yeni firsatlardan yararlanilmasi ile fiziki ve beseri
sermaye birikiminin tesvik edilmesini etkilediklerini belirtmektedir. Bu nedenle,
ekonomik biiylime siirecini kurumlarin Ar-Ge veya sermaye (fiziki ve beseri)
birikiminden daha fazla belirlediginin altim ¢izmektedir. Helpman (2004) bir
ilkenin biiyimesinin degisimlere uyum yeteneginin temelini olusturan ekonomik
ve siyasi kurumlara bagli oldugunu belirtmektedir. Ancak, Helpman (2004)
ozellikle bir donemde yapis1 bakimindan iyi performans sergilemis bir kurumun
diger bir donemde de ayni performansi gostermesinin beklenmemesinin ve bu

nedenle kurumlarin yeniden yapilandirilmasi gerekliligini vurgulamaktadir.

e Figiksel Altyapi: ikinci makalenin sonuclari etkin bir sekilde isleyen bilisim

altyapist olusturmanin uzun donemli ekonomik biiyiime iizerinde olumlu bir etkiye
sahip oldugunu gostermektedir. Ozellikle, iilke ve firma diizeyinde mevcut olan
bilginin yayilmasinda ve kullanilmasinda, bilgi ve iletisim teknolojilerinin

gelistirilmesi hayati bir oneme sahiptir.

Giintimiizde mevcut olan neredeyse tiim {iist diizey teknolojiler bilgisayar gibi
bilisim teknolojilerine dayanmaktadir. Bunun yani sira, iletisim teknolojileri
sanayilesmis iilkelerdeki son gelismeleri takip etme ve bilgi taban1 olusturulmasina
katki saglamaktadir. Ancak, internet gibi bilgi ve iletisim teknolojilerinin bazi
yonlerinin, oOzellikle diisiik gelirli iilkeler agisindan ciddi altyapr yatirnmlari
gerektirdiginden dolayr finanse edilmesinin ¢ok zor oldugu goz Oniinde
bulundurulmalidir. Ancak, gerekli altyap1 hazirlandiktan sonra, bilisim teknolojileri
bilgi transferi konusunda en etkin ve en az kullanim maliyeti olan yontemdir.
Bilisim teknolojilerinin en faydali yonii bilgi transferi konusunda bir ¢ok alternatifi
ve yontemi barmndirmasidir. Ornegin, ozellikle gelismekte olan iilkelerdekilerde,
goreceli olarak daha az altyapt maliyetline sahip, mobil telefon sistemleri

kullanilarak bilgi (internet) sistemlerine erigimi saglayabilecek bir yontemdir.

Mezo (sektor) diizeyde politikalar asagida yer almaktadir.
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o Uygun sumr teknolojilerinin belirlenmesi: Birinci makale iilkelerin gelir

diizeyine ve altyapilarina uygun smir teknolojilerini hedeflemeleri gerektigini
gostermektedir. Hedeflenecek en gercekci (uygun) {ist diizeydeki teknoloji
belirlendikten sonra, politika yapicilar, bu teknolojinin gerekliliklerine gore iilkenin

teknolojik yeteneklerini giiclendirmek icin araglar gelistirmelidir.

o csel ve Dissal Ag iletisimlerinin__giiclendirilmesi: Politika yapicilar

tiniversiteler ve arastirma kurumlar1 arasinda gii¢lii bir ag kurmak icin yatirim
yapmali ve sinir teknolojilerine sahip iilkelerle egitim degisim aglar1 olusturmak
icin girisimlerde bulunmalidirlar. Ornegin, Israil, yiiksek teknoloji sektoriinii en iyi
tiniversite sistemlerinden biri ile desteklerken ayni zamanda akademik ve yazilim
gelistirme konusunda ileri diizeyde olan iilkeler ile (6rnegin Amerika Birlesik
Devletleri) egitimde degisim baglantilarina oncelik vermistir (Berry, 2002). Bu
nedenle, politika ©nermeleri isbirligini (6zellikle {iniversite ve Ozel sektor
arasindaki Ar-Ge aktivitelerinde) tesvik edici unsurlar1 da kapsamalidir. Bazi iilke
arastirmalar1, Ar-Ge aktivitelerinde bulunan ve elde ettikleri bulgular1 6zel sektor
ile paylasan {liniversitelerin olmasinin ekonomilerin biiylime oranlarina 6nemli

diizeyde katki sagladigin1 géstermektedir.

Teknoloji merkezleri (6rnegin tekno parklar) yukarida bahsi gecen bilgi
transferlerinin yer aldigi 6nemli kurumlardir. Politika yapicilar, bu merkezlerin
altyapt ve arastirma sonuglarim paylasmalart konusunda tegviklere o©ncellik

vermelidirler.

Bu tezde yer alan makalelerin sonucuna gore mikro (firma) diizeyindeki politika

oOnerileri asagida yer almaktadir.

] Kalifiye insan _kaynaklarimin_desteklenmesi: Universiteler ve arastirma

merkezleri arastirmacilarinin vasiflarim1 gelistirilmlerine yonelik farkli tiirlerde
desteklerle tesvik edilmelidir. Arastirma enstitiileri, mevcut beseri sermayelerini

gelistirmeleri icin tesvik edilmelidir. Ornegin, arastirmacilarinin bilgi kapasitelerini
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gelistirmeleri icin enstitiilere ulusal veya uluslararast egitim programlarina
katilimin saglanmasi konusunda tesvik verilmelidir. Bu tiir programlar hem beseri
sermayenin kalitesini artiracak hem de arastirma merkezinin genel bilgi birikimine
katki saglayacaktir. Ayrica, arastirmacilarin bu programlar kapsaminda
olusturacaklar1 ulusal veya uluslararas1 baglantilar arastirma merkezine dissal bilgi
akisinin olugsmasina veya mevcut uluslararasi aglarin giiclendirilmesine katk1
saglayacaktir. Arastirma merkezleri bilgi birikimlerini veya kapasitelerini
artirmalar i¢in yliksek diizeyde kalifiye yabanci veya yerli arastirmacilari istihdam

etmeleri konusunda da maddi olarak desteklenebilirler.

. Yabanct _Sermaye yatirimlarinin__desteklenmesi: Yabanci yatirimcilar

cekmek amaciyla gerekirse, ekonomik kosullarin yani sira teknolojik ve bilimsel

kapasite gozden gecirilerek revize edilmeli ve gereken 6nemler alinmalidir.

Daha once belirtildigi gibi, Ar-Ge sektoriindeki yabanci sermaye yatiriminin en
onemli belirleyicileri teknolojik ve bilimsel kapasitedir. Bu kapasiteler, temel
olarak nitelikli beseri sermaye (akademik hem de endiistriyel), arastirma enstitiileri,
fikri miilkiyet haklar1 ve bunlarin diizeylerine baghdir. Bu faktorlerin iyilestirilmesi
gelen yabanci yatirimin artmasinin yanmi sira yerli firmalarin veya yerli Ar-Ge

merkezlerinin de gelismesine katki saglayacaktir.

Ar-Ge kabiliyetinin artirllmasina yonelik olarak politika yapicilar hem kamu hem
de ozel arastirma merkezlerine veya kurumlarina finansal destek saglamali ve Ar-

Ge faaliyetlerini destekleyici ve tesvik edici uygun bir ortami olusturmalidirlar.

Boyle bir ortam, Ar-Ge, egitimli beseri sermaye ve etkin sekilde isleyen kurumsal
altyapr gerektirmektedir. Ornegin, kamu ve 6zel arastirma enstitiileri, ancak Ar-Ge
faaliyetlerini destekleyen uygun politikalar kapsaminda faaliyetlerine devam
edecek ya da yeni arastirmalara yoneleceklerdir. Daha somut 6rnek verecek
olursak, fikri miilkiyet haklarimin yenilikleri korumasi ve bu uygulamanin diizeyi
girisimcilerin ve bilim adamlarin1 Ar-Ge faaliyetlerinde bulunmalarinda belirleyici

rol oynamaktadir. Bu nedenle, mucitlerin telif haklariin saglanmasi1 politika
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yapicilarin iizerinde hassasiyetle egilmesi gereken konularin basinda gelen diger bir

husustur.

Giicli bir Ar-Ge altyapist olusturduktan sonra, iilke, yenilik¢i kapasitesini
artirmasiyla birlikte sirayla rekabet giiciinii ve ekonomik biiyiime potansiyelini

artirma olanagina kavusacaktir.

o  Fkonomideki farkli aktorler arasindaki isbirligi ve koordinasyonun

artirdmasi: Politikalarin basarili bir sekilde uygulanmasi icin kamu ve oOzel
kurumlar arasindaki isbirliginin ve koordinasyonun siirekliliginin saglanmasi
onemlidir. Ekonomideki farkli aktorler arasindaki etkilesim mevcut bilgi stokunun
artirilmasinda 6nemlidir. Bu nedenle politika yapicilar ekonomideki farkli aktorler
arasindaki isbirligini tesvik eden Onermelere de politikalarinda mutlaka yer

vermelidirler.

o  Uluslararas: isbirliklerinde biirokrasinin azaltilmasi: Zorlu biirokrasi

stirecleri ve diger idari zorluklar kamu yardimini igeren politikalarin en 6nemli
kisitlarinin ~ (dezavantajlarinin)  basinda gelmektedirler. Bu tiir zorluklarin
kaldirilmas: hem firmalar1 hem de arastirma merkezlerini uluslararasi isbirligini

artirmalar1 konusunda tesvik edecektir.

Ozetle, mevcut bilgiye erisim veya bilgi stokuna sahip olmak ekonomik biiyiime
izerinde tek basina olumlu bir etki olugmasi acisindan yeterli degildir. Bilgi
stokunun {iilkelerin ekonomik biiylime ve yakalama siireclerinde etkili olmalarinm
saglayan unsurlar s6z konusu iilkenin veya firmanin “adaptasyon kapasitesi” ve
“sosyal kapasitesi”dir. Ozellikle az gelismis iilkeler icin bilgi kapasitesinin
gelistirilmesi uzun donemli bir siirectir ve dolayisiyla gelismis iilkeleri yakalama
stirecleri de hem ¢ok zorlu hem de uzun donemli bir siirectir. Bu nedenle, ileride
olan tiilkeleri yakalamak icin gerekli olan sosyal ve adaptasyon kapasitelerinin
artirllmasinda hem sabir hem de uygulanmakta olan politikalarin siirekli gozden

gecirilmesi, degerlendirilmesi ve revizyonu anahtardir.
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Appendix 7. Tez Fotokopisi izin Formu
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YAZARIN

Soyadi : Utku Ismihan

Adi : Fatma Muazzez

Boliimii : Bilim ve Teknoloji Politikas1 Caligmalari

TEZIN ADI (ingilizce): Essays on the Impact of Knowledge on Economic
Growth

TEZIN TURU : Yiiksek Lisans Doktora v
1. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir. | v/
2. Tezimin icindekiler sayfasi, Ozet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

3. Tezimden bir (1) yil siireyle fotokopi alinamaz. v

TEZIiN KUTUPHANEYE TESLiM TARIHi:

209



