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3.1 Introduction1

National economic performance is closely connected more than anything else to the abil-
ity to develop and use technology in the global economy where competition and the speed

1 This study is derived from the PhD thesis titled “Dynamics of technological progress and the
structure of exports: A panel data analysis” prepared by the second author under the supervision of
the first author.

Y. Bayraktutan (�) � H. Bıdırdı
Faculty of Economics and Administrative Sciences, Department of Economics, Kocaeli University
Kocaeli, Turkey
e-mail: ybayraktutan@kocaeli.edu.tr

H. Bıdırdı
e-mail: hbidirdi@kocaeli.edu.tr

A. Kutlar
Department of Economics, Sakarya University
Sakarya, Turkey
e-mail: akutlar@sakarya.edu.tr

43© Springer Fachmedien Wiesbaden GmbH 2018
F. Bakırcı et al. (eds.), German-Turkish Perspectives on IT and Innovation Management,
FOM-Edition, https://doi.org/10.1007/978-3-658-16962-6_3

https://doi.org/10.1007/978-3-658-16962-6_3


44 Y. Bayraktutan et al.

of technological change are continuously increasing. Technological capacity as a way of
production, utilization and dissemination of information has become the most critical de-
terminant of international trade performance and prosperity of a country. In countries with
advanced technology, a process of change in which a considerable part of economic activ-
ities consists of information, intensive elements has been experienced. As production of
goods and services becomes increasingly technology inclusive, technological capability,
taken as a reference to determine the development level of a country, has reshaped long-
run development perspectives.

An overview of the composition of international trade indicates that the proportion of
technology content of goods or production processes in total world trade has a tendency
to rise. Technology, rather than factor stock, is the focus of global competition, and value-
added and monopolistic advantages created by high tech goods and production processes
make this tendency even more important.

Technological differences among countries also determine which countries specialize
in which areas of world production and trade, affect technological capacity and the ability
to improve technology as well as the composition of foreign trade. When competitiveness
in foreign trade is studied, it is important to examine the relationship between foreign
trade and technological level. In this study, after examining the relevant empirical liter-
ature, the impact of R&D expenditures and the number of researchers on the exports of
high and medium high technology manufacturing industries is investigated with a panel
data method by using the data of 26 countries with different levels of development, 16 of
which are developed and the remaining 10 developing, for the period 1996–2012. Domes-
tic physical capital stock and foreign direct investment inflows are also used to explain
high-tech exports. The panel unit root tests are applied to determine the level of the sta-
tionarity of the variables and the long-run relationship between the variables tested by
using panel co-integration tests.

Studies in literature, which analyze the relationship between R&D, innovation and ex-
ports usually focus on developed countries (DC). Including developing countries (LDC)
in the analysis, this study gains further importance in terms of shedding light on the con-
tribution of development level to the discussion. Moreover, unlike most of the empirical
analyses, which either base on cross-section data and do not take the effect of time into
account or take the effect of time into account but only for a single country, a comparative
analysis using 17 years of data from countries at different levels of development is done
for this study. Panel data methods (panel unit root tests, panel co-integration tests, panel
error correction model) used for the estimation of the models enable a differentiation be-
tween the short and long-run impacts of technological development indicators on export
performance.

This study is designed in three parts. In the first part devoted to the literature, empirical
studies on the subject are summarized; econometric methods, data sets, models and vari-
ables are introduced in the second part; empirical findings and economic interpretation
of them are presented in the third and final part. The study is completed with a general
overview and policy recommendations.
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3.2 Theoretical Basis and Literature Review

Effects of differentiation in technology on exports and competitiveness have been the
subject of different theories. In contrast to the Heckscher-Ohlin model which assumes
that technology is homogeneous (the same everywhere), the technological gap hypothesis
(Posner 1961) and the product cycle theory (Vernon 1966) were the first steps towards
differentiation in terms of technology that entered into foreign trade theories; Krugman
(1979), Grossman and Helpman (1991) see technological differences between countries
as a major source of international trade. While DC specialize in manufacturing and trade
of technology products thanks to their high-tech capabilities, LDC rather specialize in ar-
eas based on resources and/or labor due to their weakness in R&D and innovative factors,
and relatively abundant (therefore cheap) labor. Unlike labor-intensive products, the price
elasticity of demand is low and the income elasticity is high for the products produced
using high technology. Thus, the countries manufacturing and exporting technology prod-
ucts enjoy both a higher level of prosperity and high return.

The countries and companies, which design technology with long-run strategies and
place importance on R&D and innovation, have the advantage of being more competi-
tive in international markets. There are three distinct connections between technological
innovation and international competitiveness. Firstly, process innovation increases com-
petitiveness by reducing production/output costs. Secondly, secondary product innovation
makes the products more attractive both in domestic and foreign markets by improving
quality. Thirdly, product innovation will allow a monopoly profit by creating a monopo-
listic position for a certain period of time that will help these products to gain a market
share (Archibugi and Michie 1998, p. 10–11). Benefits of technological improvements
for innovative countries are positive effects on the foreign trade balance in the short-run
by reducing the need for imports and foreign exchange spending, as well as the improve-
ments in terms of trade, and the ability to specialize in sectors providing high returns in
the long-run.

As the value-added created in high-tech goods is high, the transformation of exports
from low-tech goods to mainly high-tech ones leads a country to become more prosperous
and competitive. Medium-tech products are the complex products whose technological
content does not change rapidly. R&D expenditures are important for them; they require
advanced engineering capabilities and their production scale is large. Entry barriers to
the market are quite high for these types of products due to the need for large amounts
of capital and there are “learning effects”. For high-tech products, high barriers to en-
try prevail due to their need for advanced and rapidly changing technology and complex
skills (Lall 2000a, p. 341–343, 2000b, p. 8–9). Innovative technologies, a large amount
of R&D expenditure, high-tech infrastructure, and a strong collaboration and relations
between firms and research institutions are among the main features of these products.
Additionally, as the social benefits of the resources in the industry where these prod-
ucts are produced outreach private benefits, positive externalities arise (Krugman 1992,
p. 14).
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The impact of R&D, innovation, technological development level and factors affect-
ing these variables on exports is discussed in various empirical studies. The level of
technology is analyzed with different indicators in these studies conducted on a country,
industry or company basis. Competitiveness, which is measured by the share of exports
at transnational and sector level, is usually described by variables related to labor costs,
fixed investments and the level of technology; the impact of technological development
resources on export performance is typically determined in line with theoretical expecta-
tions. Empirical literature including featured studies is summarized in Table 3.1.

Magnier and Toujas-Bernate (1994) studied price (export price) and non-price (R&D
expenditures and fixed capital investments) determinants of export market share at the
sectoral level using the 1975–1987 period data of 20 manufacturing industry sectors in the
USA, Japan, Germany, Britain and France. Although there are important differences in
some countries and sectors, estimation results of the model including price and non-price
effects indicate the importance of non-price effects like R&D for the export market share.

In order to explain export performances of countries, Fagerberg (1997) uses indepen-
dent variables such as direct and indirect R&D activities (capital and intermediate goods
purchases from domestic and foreign companies), the share of foreign companies in indi-
rect R&D, unit labor costs, gross fixed capital formation and domestic demand (domestic
market size) for the year of 1985 in 10 OECD countries and 22 industries. A positive rela-
tionship is found between direct and indirect R&D and competitiveness. Domestic indirect
R&D provides a greater contribution to competitiveness than indirect R&D from foreign
resources. R&D investments affect competitiveness twice as much as physical capital in-
vestments. While the impact of domestic market size on competitiveness is negative, there
is no significant effect of low wages.

Wakelin (1998) has investigated the determinants of bilateral trade for 9 OECD mem-
bers and 22 manufacturing sectors, taking relative innovation, labor costs and investment
rates as determinants of export performance, and questioning how these determinants dif-
fer across the countries and industries. In addition, the sensitivity of results to the selection
of an innovation variable is investigated by using relative R&D intensity and relative
patents; and a new industrial classification is developed taking the impact of innovation
on trade performance into account in net innovation user or developer sectors. Despite the
heterogeneity between sectors and countries, with the analysis of pooled data it is con-
cluded that innovation and investment variables affect trade performance positively and
labor costs affect it negatively. It is found that differences in innovation have more impact
on the trade performance of sectors developing technology than those using technology.

Montobbio (2003) has associated exportmarket share in a given sector with the three ex-
planatory variables R&D expenditures, unit labor costs and gross fixed capital formation in
14 countries for the periods 1980–1983, 1984–1987 and 1988–1990 by evaluating the im-
pact of sectoral differences on the dynamic relationship between technological level and ex-
port performance, Sectors are divided into three sub-categories, namely high-tech,medium-
tech and low-tech; and it is recognizable that differences in the technological content of sec-
tors affect the relationship between technological variables and export market shares.
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Sanyal (2004) has investigated the impact of technological factors (R&D intensity and
technological facilities), factor endowment (arable land per employee and relative cap-
ital/labor ratio) and variables on bilateral trade flows (export performance) by taking 18
industries of the USA, UK, France, Germany and Japan as a sample for the 1980–1998 pe-
riod. The whole period is sub-grouped into 1980–1989 and 1990–1998, and it is concluded
that at an aggregate level innovation there is an important factor influencing bilateral trade
performance.

Vogiatzoglou (2009) examines the impact of R&D expenditures (as percentage of
GDP), the number of R&D personnel per million people (human capital), the real effective
exchange rate index, total expenditures on information and communication technologies
(ICT), the size of manufacturing industry (value-added), the openness index, the number
of phone lines per one hundred people and the FDI inflows/GDP export specialization
by using a multiple regression method for the period 2000–2005 of 28 countries; and
statistically significant effects of R&D and human capital are found.

Seyoum (2005) studies the determinants of high-tech exports using the data of 55 coun-
tries for the year 2000. Factor analysis and multivariate regression analysis are used to
investigate the relationship between high-tech exports and R&D expenditures, the number
of engineers and scientists working in R&D, FDI inflows and the development level of the
importer country (demand conditions of host country). It is concluded that all the variables
have an impact on high-tech exports; and the highest impact arises from FDI inflows.

Braunerhjelm and Thulin (2008) examine the impact of R&D expenditures and mar-
ket size on high-tech exports using every second year data for the 1981–1999 period of
19 OECD countries. A panel regression model is used in the analysis and it is found that
while R&D expenditure is an important determinant of high-tech exports, market size has
no effects.

Tebaldi (2011) investigates the determinants of high-tech exports using averages of
five year data of the 1980–2008 period. As a result of the panel data analysis using the
fixed effects method, human capital, FDI inflows and openness are determined to be im-
portant determinants of high-tech exports. In addition, it has been shown that although
the institutions do not have a direct impact on high-tech exports, they somehow have an
indirect impact on human capital and FDI inflows; no significant impact of fixed capital
investments, savings, exchange rate and macroeconomic volatility (inflation) on high-tech
exports is found.

Alemu (2013) examines the impact of R&D investments and the number of researchers
on high-tech exports for the 1994–2010 period of 11 East Asian countries. The analysis
using the panel GMM estimation method concludes that the R&D expenditures/GDP ratio
and the rise in the number of R&D personnel increase high-tech exports.

The related literature regarding technology and exports or high-tech export perfor-
mance usually focuses on DC. Although different results are obtained from these multi-
country, single country or industry level studies; the impact of variables used as a rep-
resentative of technological development on exports stands out in accordance with the
theoretical expectations.
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3.3 Model and Data

As value-added is higher in technology intensive goods, the transformation of exports
composition from low-tech goods to mainly high-tech goods allows a country to be more
prosperous and competitive. Technological capacity and capability and human capital
stock play a critical role in the development of competitiveness. Based on this fact, by
using the panel data method, the relationship between the technological development in-
dicators and high-tech exports in DC and LDC is analyzed with annual data of the 1996–
2012 period. Export structure is formed on the base of the export proportions of low,
medium and high-tech goods; in order to determine the technological nature of exports,
absolute value, per labor value of medium and/or high-tech exports, their share of total
exports, etc. can be utilized. High and medium high technology export per labor is pre-
ferred as the dependent variable in this study. The technology development capability is
measured by two different variables, namely R&D expenditures and the number of re-
searchers. Domestic physical capital stock and foreign direct investment flows are used to
explain the export performance of high-tech products.

Two different models to examine the impact of R&D expenditures, the number of re-
searchers, the fixed capital investments and foreign direct investments on high-tech exports
are analyzed using panel co-integration methods. The two econometric models presented
below are used with the annual data of 16 DC and 10 LDC for the 1996–2012 period;
these models are tested separately for DC and LDC.

LnHTEXi t D ˇ0i C ˇ1iLnR&DC ˇ2iLnGFCC ˇ3iLnFDIC uit (3.1)

LnHTEXi t D ˇ0i C ˇ1iLnRPC ˇ2iLnGFCC ˇ3iLnFDIC uit (3.2)

The variables used in the analysis, their definitions and the data source, and the coun-
tries in the sample are presented in Tables 3.2 and 3.3. Country classification is based on
the IMF World Economic Outlook Database 2014.

The exports of high and medium high-tech manufacturing industries are used as a de-
pendent variable in the models defined in Eqs. 3.1 and 3.2; the R&D expenditure is used
as an independent variable in the first model while the number of researchers is used in

Table 3.2 Variable Descriptions and Data Sources

Vari-
able

Definition Data Source

HTEX High and medium high-tech exports per million labor OECD (2015) (STAN)

R&D/
RP

2 different variables are used as technological development
indicators: R&D expenditure per million labor force (R&D)
and the number of researchers (RP) per million labor

OECD (2015),
UNESCO (2015), and
World Bank (2015) (WB)

GFC Fixed capital investment per million labor UNCTAD (2015)

FDI Foreign direct investment inflows per million labor UNCTAD (2015)
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Table 3.3 List of Selected Countries

Developed Countries Developing Countries

Austria Bulgaria

Czech Republic China

Denmark Hungary

England India

Finland Lithuania

France Mexico

Germany Poland

Ireland Romania

Japan Russia

Latvia Turkey

Slovakia

Slovenia

South Korea

Spain

The Netherlands

USA

the second one. Fixed capital investment and FDI inflows are also independent variables
in both models.

I. High-tech Exports: Manufacturing industry data is grouped on the basis of OECD
technology-intense industry classification. As seen in Table 3.4, based on the techno-
logical intensity, industries are divided into 4 groups: high tech, medium high-tech,
medium low-tech, low-tech. High and medium high-tech industries are counted as
high tech sectors in this study.

II. R&D Expenditures, and the Number of Researchers: R&D expenditures and the
number of R&D personnel are the most commonly used variables to define techno-
logical capabilities of a country. R&D expenditures and R&D personnel are of great
importance in every stage of technological activities such as developing a new prod-
uct and/or production method, efficient use of current or imported technology and
adapting or changing technology. Thus, even the firms and countries that only import
technology have to make R&D expenditure and must have sufficient R&D person-
nel to obtain the highest efficiency from imported technology. In this context, the
resources allocated for R&D activities and the number of researchers are significant,
not only for the production of new scientific and/or technological information or im-
plementation of current information with the aim of producing goods and services;
but also for gaining knowledge and experience in the process of improving techno-
logical abilities (Saygılı 2003, p. 70). R&D expenditure is one of the most critical
determinants of international competitiveness. A positive relationship between R&D
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Table 3.4 Classification of Manufacturing Industries Based on Technology Intensity. (Source:
OECD (2015), Structural Analysis (STAN) database)

Technology Intensitya ISIC
Rev 4b

Industry Content

High-technology 21 Pharmaceuticals, medicinal chemical and botanical prod-
ucts

26 Computer, electronic and optical products
303 Air and spacecraft and related machinery

Medium high-
technology

20 Chemicals and chemical products
27 Electrical equipment
28 Machinery and equipment n.e.c.
29 Motor vehicles, trailers and semi-trailers
302 Railway locomotives and rolling stock
304 Military fighting vehicles
309 Transport equipment n.e.c.

Medium low-
technology

19 Coke and refined petroleum products
22 Rubber and plastic products
23 Other non-metallic mineral products
24 Basic metals
25 Fabricated metal products, except machinery and equip-

ment
301 Building of ships and boats

Low-technology 10–12 Food products, beverages and tobacco
13–15 Textıles, wearıng apparel, leather and related products
16 Wood and products made of wood and cork, except furni-

ture; articles made of straw and plaiting materials
17–18 Paper and paper products – Printing and reproduction of

recorded media
31–32 Furniture – other manufacturing

a OECD’s classification of manufacturing industries based on technology intensity. For more infor-
mation, see Hatzichronoglou (1997).
b This shows ISIC Rev. 4 (4th Revision of International Standard Industrial Classification of all
Economic Activities).

expenditures and specialization/competitiveness of high-tech sectors in manufactur-
ing industry exports is expected.

III. Gross Fixed Capital Formation: Fixed capital investments are one of the basic ele-
ments that accelerate capital accumulation and technological development. Innovative
activities carried out for production and productivity increase depend upon invest-
ments on buildings, machinery and equipment, various tools of experiments, tests and
measurement equipment, etc. On the other hand, investments in physical infrastruc-
ture are a prerequisite for the spread of emerging technological innovations among
firms and sectors. Investments are necessary to transfer technological innovations to
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other companies and sectors, because innovations in the form of production methods
created by innovative companies are usually embodied in machinery and equipment.
Investments are a means of transferring, adapting and changing technology devel-
oped in other countries. With this in mind, fixed capital investments are included in
the model.

IV. Foreign Direct Capital Inflows: From the 19th century until World War I, and since
the 1960s, national economies have become even more dependent on each other as
a result of the increasing internationalization of goods, services and capital markets,
developments in communications technology, the increasing rate of integration in the
goods market as a result of growing foreign trade and transforming foreign trade
links (Bayraktutan 2013, p. 162). Foreign direct capital investment, which is one of
the most important reasons behind this process, contributes to the technological de-
velopments both by increasing the physical capital stock, and allowing the transfer
of new production methods and organization forms (Saygılı 2003, p. 93). In particu-
lar, attracting new technologies to home country or activities of foreign firms towards
technological improvement support the technological capabilities of the host coun-
tries. With the aim of finding an opportunity to evaluate different interpretations of its
effects on technological developments in the literature, FDI inflows are included in
our models as an independent variable.

3.4 Econometric Methods and Findings

The models defined for analyzing the impact of R&D expenditure, the number of re-
searchers, fixed capital investments and foreign direct investments on high-tech exports
are analyzed by panel co-integration methods. The first stage of the co-integration analy-
sis is to examine the unit root characteristics of the variables. In the second stage, whether
variables have a long-run co-integration relationship is determined by panel co-integra-
tion tests, and in the third stage, an estimation of the panel co-integration vector is made.
Finally, the short and long-run causality relationship between variables is investigated.

3.4.1 Panel Unit Root Analysis

Since unit root characteristics of variables play an important role in performing co-inte-
gration analysis, the panel unit root test suggested by Im et al. (2003) was firstly applied
to the series2.

2 In addition to Im et al. (2003), Levin et al. (2002), Breitung (2000), ADF Fisher and PP Fisher unit
root tests suggested by Maddala and Wu (1999) were applied to the series, but the results are not
reported here. For details, see Bıdırdı (2015).



54 Y. Bayraktutan et al.

Table 3.5 Results of the IPS Panel Unit Root Tests for Developed Countries

Model-1 Model-2

Variable Constant Constant and trend Constant Constant and trend

LnHTEX 0.033 (0.513) �0.535 (0.296) �0.1142 (0.454) �0.738 (0.230)
LnR&D 2.912 (0.998) �0.955 (0.169) – –

LnRP – – 1.850 (0.967) �1.677 (0.046)**
LnGFC 0.343 (0.634) 1.554 (0.940) 0.133 (0.553) 1.723 (0.957)

LnFDI �0.543 (0.293) 3.026 (0.998) �0.677 (0.249) 2.682 (0.996)

�LnHTEX �8.594 (0.000)*** �4.666 (0.000)*** 8.362 (0.000)*** �4.486 (0.000)***
�LnR&D �7.643 (0.000)*** �7.386 (0.000)*** – –

�LnRP – – 9.360 (0.000)*** �7.867 (0.000)***
�LnGFC �4.926 (0.000)*** �2.237 (0.012)** 4.683 (0.000)*** �2.512 (0.006)***
�LnFDI �8.764 (0.000)*** �7.681 (0.000)*** 8.530 (0.000)*** �7.471 (0.000)***

Notes: Since the data on the number of researchers in Austria is missing, variables of Model-2 were
tested for 15 countries. � is the first difference operator. Values in parentheses are p-values. ***,
** and * indicate a rejection of the null hypothesis of non-stationary at 1%, 5% and 10% levels
respectively. Optimal lag length was determined by using the Schwarz Information Criterion

Prior to the unit root test, logarithms of all variables were taken. For both the level and
the first difference of the logarithmic series, unit root tests were applied and the results
of the DC and LDC were presented in Tables 3.5 and 3.6 respectively. The optimal lag
length eliminating the problem of autocorrelation between errors was determined using
the Schwarz information criterion.

When we look at the results of the unit root test applied to the level values of logarith-
mically transformed variables for DC in Table 3.5, it is obvious that the findings in the
model with constant and the model with constant and trend for the series of the number
of researchers (LnRP) do not demonstrate a complete consistency in terms of stationar-
ity. Results regarding high-tech exports (LnHTEX), R&D expenditures (LnR&D), gross
fixed capital investment (LnGFC) and foreign direct investment inflows (LnFDI) series
show that variables are not stationary at level and have a unit root problem. Therefore, by
taking the first differences of series, it was reinvestigated if there is a unit root. When we
look at the results of the unit root analysis for DC according to the first difference, it is
observed that high-tech exports (�LnHTEX), R&D expenditures (�LnR&D), the num-
ber of researchers (�LnRP), gross fixed capital investment (�LnGFC) and foreign direct
investment inflows (�LnFDI) are stationary [I (1)] in the first difference of their series.

In Table 3.6, when we examine the results of the unit root tests applied to the level
values of logarithmically transformed variables for LDC, the results concerning the series
of high-tech exports (LnHTEX), R&D expenditures (LnR&D), the number of researchers
(LnRP), gross fixed capital investment (LnGFC) and foreign direct investment inflows
(LnFDI) show that all series are not stationary in level and they have a unit root problem.
Therefore, by taking the first difference of the series, it was reinvestigated if there is a unit
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Table 3.6 Results of the IPS Panel Unit Root Tests for Developing Countries

Model-1 Model-2

Variable Constant Constant and trend Constant Constant and trend

LnHTEX 2.634 (0.995) �0.466 (0.320) 1.981 (0.976) �0.212 (0.415)
LnR&D 3.987 (1.000) �0.301 (0.381)
LnRP 0.293 (0.615) �1.239 (0.107)
LnGFC 1.084 (0.860) 0.585 (0.721) 1.187 (0.882) 0.594 (0.723)

LnFDI 0.183 (0.572) 2.029 (0.978) �0.178 (0.429) 2.230 (0.987)

�LnHTEX �5.863 (0.000)*** �3.865 (0.000)*** 5.561 (0.000)*** �3.633 (0.000)***
�LnR&D �5.866 (0.000)*** �5.334 (0.000)***
�LnRP �6.974 (0.000)*** �6.346 (0.000)***
�LnGFC �3.449 (0.000)*** �1.735 (0.041)** 3.355 (0.000)*** �1.887 (0.029)***
�LnFDI �5.809 (0.000)*** �4.662 (0.000)*** 5.749 (0.000)*** �4.788 (0.000)***

Notes: Since the data on the number of researchers in India is missing, variables of Model-2 were
tested for 9 countries. � is the first difference operator. Values in parentheses are p-values. ***,
** and * indicate a rejection of the null hypothesis of non-stationary at 1%, 5% and 10% levels
respectively. Optimal lag length was determined by using the Schwarz Information Criterion

root. When the results of the unit root analysis concerning the first difference of variables
regarding LDC are examined, it is observed that all series are stationary [I (1)] at their first
difference.

Following the unit root tests, co-integration tests are performed.

3.4.2 Panel Co-integration Tests

Since the series of high-tech exports (LnHTEX), R&D expenditures (LnR&D), the num-
ber of researchers (LnRP), gross fixed capital investment (LnGFC) and foreign direct
investment inflows (LnFDI) are stationary in their first difference, the long-run relation-
ship between these series is examined with Pedroni (1999, 2004), and Kao (1999) co-
integration tests for both models. Panel co-integration test results for DC and LDC are
presented in Tables 3.7 and 3.8 respectively.

In the Model-1 Pedroni co-integration test for DC, according to the model, constant
Panel PP and Panel ADF statistics are significant at 5% and 1% levels, and Group PP and
Group ADF statistics are significant at 1% level. In terms of the relevant test results, the H0

hypothesis concerning the fact that there is no co-integration between the series has been
rejected and the alternative hypothesis H1 claiming that there is a co-integration between
the series has been accepted. As for the model with constant and trend, by looking at the
test results of Panel PP, Panel ADF, Group PP and Group ADF, the H0 hypothesis arguing
that there is no co-integration between the series is rejected, and the alternative hypothesis
H1 claiming that there is a co-integration between the series is accepted. Panel PP and
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Table 3.7 Results of Panel Co-integration Tests for Developed Countries

Model-1 Model-2

Pedroni statistic Constant Constant and trend Constant Constant and trend

Panel v-stat 0.10 (0.45) �1.48 (0.93) 0.25 (0.40) �1.17 (0.87)
Panel rho-stat 1.60 (0.94) 2.67 (0.99) 0.69 (0.75) 2.67 (0.99)

Panel pp-stat �1.85 (0.03)** �2.46 (0.00)*** �3.75 (0.00)*** �3.95 (0.00)***
Panel adf-stat �2.53 (0.00)*** �2.84 (0.00)*** �3.92 (0.00)*** �4.04 (0.00)***
Group r-stat 2.55 (0.99) 3.95 (1.00) 1.99 (0.97) 3.56 (0.99)

Group pp-stat �4.71 (0.00)*** �8.30 (0.00)*** �5.44 (0.00)*** �8.76 (0.00)***
Group adf-stat �4.92 (0.00)*** �5.58 (0.00)*** �5.51 (0.00)*** �6.61 (0.00)***
Kao ADF
statistic

�3.73 (0.00) *** – �2.96 (0.00)*** –

Notes: ***, **, * indicate a rejection of the null hypothesis of no co-integration at 1%, 5%, 10%
levels respectively. Figures in parentheses indicate the probability value. Newey-West Bandwidth
selection using the Bartlett Kernel was used for the Pedroni and Kao co-integration test

Panel ADF statistics as well as Group PP and Group ADF statistics are significant at 1%
level, and indicate that there is a co-integration. In general, the results of the Pedroni co-
integration test for Model-1 indicate that there is a co-integration between the relevant
variables for DC.

In the Model-2 Pedroni co-integration test for DC, the H0 hypothesis, which states that
there is no co-integration between the series in the model with constant, is rejected in Panel
PP, Panel ADF, Group PP and Group ADF tests. The alternative hypothesis H1 indicating
that there is a co-integration between the series is accepted. Test results are significant
at 1% level. As for the model with constant and trend, the H0 hypothesis is rejected in
Panel PP, Panel ADF, Group PP and Group ADF tests and the alternative hypothesis is
accepted instead. Relevant test statistics are also significant at 1% level. When Pedroni
co-integration test results are reviewed as a whole for Model-2, it is recognizable that
there is a co-integration between the relevant variables of DC.

Following Model-1 and Model-2 Kao co-integration tests for DC, the H0 hypothesis,
which states that there is no co-integration between the series is rejected, the alternative H1

hypothesis indicating that there is a co-integration between the series is accepted. In other
words, high-tech exports, R&D expenditures, the number of researchers, gross fixed cap-
ital investments and foreign direct investment inflows in DC move together in the long-
run and the analysis shows that there is a co-integration between these variables. Thus,
a significant relationship between high-tech exports, R&D expenditures, and the number
of researchers, gross fixed capital investments, and foreign direct investment inflows vari-
ables is observed in the long-run in both models.

Co-integration test results for LDC are presented in Table 3.8.
In Model-1 Pedroni co-integration test for LDC, Group PP statistics and Group ADF

statistics are significant at 1% and 10% levels respectively in the model with constant and
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Table 3.8 Results of Panel Co-integration Tests for Developing Countries

Model-1 Model-2

Pedroni statistic Constant Constant and trend Constant Constant and trend

Panel v-stat 0.09 (0.46) �0.17 (0.56) 0.27 (0.39) 1.98 (0.02)**

Panel rho-stat 1.25 (0.8) 2.66 (0.99) 1.38 (0.91) 2.49 (0.99)

Panel pp-stat �0.82 (0.20) �0.49 (0.30) 0.20 (0.58) �0.85 (0.19)
Panel adf-stat �0.66 (0.25) �0.46 (0.32) �0.59 (0.27) �1.71 (0.04)**
Group r-stat 2.30 (0.98) 3.33 (0.99) 2.57 (0.99) 3.428 (0.99)

Group pp-stat �0.60 (0.27) �2.56 (0.00)*** 0.44 (0.67) �2.29 (0.01)***
Group adf-stat �0.24 (0.40) �1.47 (0.07)* �0.73 (0.23) �2.56 (0.00)***
Kao ADF
statistic

�4.81 (0.00) *** – �3.10 (0.00)*** –

Notes: ***, **, * indicate a rejection of the null hypothesis of no co-integration at 1%, 5%, and 10%
levels respectively. Figures in parentheses indicate the probability value. Newey-West Bandwidth
selection using the Bartlett Kernel was used for the Pedroni and Kao co-integration test

trend. Based on the relevant test results, the H0 hypothesis is rejected and the alternative
hypothesis H1 indicating that there is a co-integration between the series is accepted. With
a general evaluation of Pedroni co-integration test results for Model-1, it can be observed
that there is no clear co-integration relationship between variables.

In Model-2 Pedroni co-integration test for LDC, Panel v and Panel ADF statistics are
significant at 5% level; Group PP and Group ADF statistics are significant at 1% level in
models with constant and trend. Based on relevant test results, the H0 hypothesis, which
states that there is no co-integration between the series is rejected and the alternative hy-
pothesis H1 indicating that there is a co-integration between the series is accepted. When
generally evaluated, Pedroni co-integration test results for Model-2 indicate a co-integra-
tion relationship between variables.

According to Model-1 and Model-2 Kao co-integration tests for LDC, the H0 hy-
pothesis, which states that there is no co-integration between the series, is rejected; the
alternative hypothesis H1 indicating that there is a co-integration between the series is ac-
cepted. There is a co-movement of high-tech exports, R&D expenditures, the number of
researchers, gross fixed capital investments and foreign direct investment inflows in LDC
in the long-run and the analysis shows that there is a co-integration between the variables.
From this point forth, it can be stated that there is a significant relationship between high-
tech exports, R&D expenditures, and the number of researchers, gross fixed capital invest-
ments and foreign direct investment inflows variables in the long-run in both models.

When Pedroni and Kao co-integration tests are reviewed together, a long-term rela-
tionship between high-tech exports, R&D expenditures, and the number of researchers,
gross fixed capital investments and foreign direct investment inflows was observed in both
models for the samples of DC and LDC in general.
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3.4.3 Panel Co-integration Parameters Estimation

The FMOLS (Full Modified Ordinary Least Square) method developed by Pedroni (2000;
2001) is used to predict the long-run relationship coefficients after the co-integration tests.

Table 3.9 shows the estimated FMOLS results for DC. According to the FMOLS es-
timation results, the sign of the coefficient of R&D expenditures (LnR&D) variable is
positive as expected and it is statistically significant at 1% level, i.e. in the long-run,
an increase in R&D expenditures affects high-tech exports in a positive way across the
panel. The signs of gross fixed capital investments (LnGFC) and foreign direct investment
inflows (LnFDI) variables are also positive as expected and they are statistically signif-
icant at 1% level. The elasticity of R&D expenditures variable is estimated to be 0.46
across the panel. Thus, a 1% increase in R&D expenditures in 16 DC leads to a 0.46%
increase in high-tech exports in the long-run. The elasticity of gross fixed capital invest-
ments (LnGFC) variable is estimated to be 0.41 across the panel. Thus, a 1% increase in
fixed capital investments in 16 DC leads to a 0.41% increase in high-tech exports in the
long-run. Similarly, the elasticity of foreign direct investment inflows (LnFDI) variable is
calculated as 0.23. Thus, a 1% increase in foreign direct investment inflows in DC leads
to a 0.23% increase in high-tech exports in the long-run.

According to the results of theModel-2 FMOLS estimation, the signs of the coefficients
of LnRP, LnGFC, and LnFDI variables are positive as expected, and they are statistically
significant at 1% level. Elasticity of the number of researchers (LnRP) variable is esti-
mated to be 0.65 across the panel. Thus, a 1% increase in the number of researchers in
DC leads to a 0.65% increase in high-tech exports in the long-run. The elasticity of fixed
capital investments (LnGFC), and foreign direct investment inflows (LnFDI) variables are
estimated to be 0.48 and 0.32 respectively. Thus, across the panel, a 1% increase in fixed
capital investments and foreign direct investment inflows leads to a 0.48% and a 0.32%
increase in high-tech exports respectively.

When the Panel FMOLS estimation results regarding the impact of R&D expenditures
(LnR&D) on high-tech exports (LnHTEX) presented in Table 3.9 within the framework
of Model-1 for DC are evaluated on the basis of each country, it is recognizable that the
coefficient of the relevant variable is positive in the Czech Republic, Denmark, Ireland,
Japan, S. Korea, Latvia, the Netherlands, Slovakia, Slovenia, and the USA and it is sta-
tistically significant; i.e. R&D expenditures increase high-tech exports in these countries.
The highest increases are in the following countries: Japan (1.40%), Latvia (1.25%), the
Netherlands (1.06%), and the USA (1.03%). In the relevant model, the sign of the co-
efficient showing the impact of fixed capital investments (LnGFC) on high-tech exports
(LnHTEX) is also positive and significant in all DC except Latvia, Spain, and the USA.
The relevant coefficient is bigger particularly in the Netherlands (1.07), the Czech Re-
public (0.65), and Germany (0.64). The coefficient of foreign direct investment inflows
(LnFDI) is positive and statistically significant in Austria, the Czech Republic, Germany,
Ireland, South Korea, Slovakia, Slovenia, and England in the same model; i.e. an increase
in foreign direct investment inflows (LnFDI) leads to an increase in high-tech exports in
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these countries. The relevant coefficient is bigger especially in Germany (0.52) and Slo-
vakia (0.45).

The evaluation of the Panel FMOLS estimation results regarding the impact of the
number of researchers (LnRP) on high-tech exports (LnHTEX) presented in Table 3.9
within the framework of Model-2 for DC on the basis of each country indicates that the
coefficient of the relevant variable is positive in the Czech Republic, Denmark, Finland,
Ireland, Japan, S. Korea, the Netherlands, Slovakia, Slovenia, and the USA and it is statis-
tically significant. As the number of researchers increases, high-tech exports rise in these
countries. The highest increases are in the following countries: Japan (2.70%), Latvia
(1.95%), the USA (1.58%) and the Netherlands (1.42%). In the relevant model, the co-
efficient showing the impact of fixed capital investments (LnGFC) on high-tech exports
(LnHTEX) is positive and significant in all DC except Latvia, Spain, and the USA, and
particularly bigger in Finland (1.50) and the Netherlands (1.15). The coefficient of foreign
direct investment inflows (LnFDI) is also positive and statistically significant in the Czech
Republic, Germany, Ireland, Japan, Latvia, the Netherlands, Slovakia, Slovenia, Spain and
England in the same model. Countries with the biggest coefficient are Latvia (1.55) and
Germany (0.57).

Table 3.10 shows the estimated FMOLS results for LDC. According to the Model-1
FMOLS estimation results, the coefficient sign of the R&D expenditures (LnR&D) vari-
able is positive as expected and it is statistically significant at 1% level. Thus, in the long-
run, an increase in R&D expenditures affects high-tech exports in a positive way across
the panel. The sign of the coefficient of gross fixed capital investments (LnGFC) is also
positive as expected and it is statistically significant at 1% level. The coefficient sign of
foreign direct investment inflows (LnFDI) variable is negative and it is statistically in-
significant. The elasticity of R&D expenditures (LnR&D) variable is estimated to be 0.94
across the panel. Thus, a 1% increase in R&D expenditures in 10 LDC leads to a 0.94%
increase in high-tech exports in the long-run. The elasticity of the gross fixed capital in-
vestments (LnGFC) variable is estimated to be 0.46 across the panel. Thus, a 1% increase
in fixed capital investments in 10 LDC leads to a 0.46% increase in high-tech exports in
the long-run.

According to the results of the Model-2 FMOLS estimation, the sign of the coefficients
of LnRP, LnGFC, and LnFDI variables are positive as expected and statistically signifi-
cant at 1% level. The elasticity of the number of researchers (LnRP) variable is estimated
to be 0.65 across the panel, i.e. a 1% increase in the number of researchers in LDC leads
to a 0.65% increase in high-tech exports in the long-run. The elasticity of the fixed capital
investments (LnGFC), and foreign direct investment inflows (LnFDI) variables are esti-
mated to be 0.51 and 0.23 respectively. Thus, across the panel, a 1% increase in fixed
capital investments and foreign direct investment inflows leads to a 0.51% and a 0.23%
increase in high-tech exports respectively.
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The evaluation of the Panel FMOLS estimation results regarding the impact of R&D
expenditures (LnR&D) on high-tech exports (LnHTEX) presented in Table 3.10 within
the framework of Model-1 for LDC on the basis of each country indicates that the coef-
ficient of the relevant variable is positive in Bulgaria, China, Hungary, India, Lithuania,
Mexico, Russia, and Turkey as expected. However, the coefficient is not statistically sig-
nificant in Hungary, Poland, Russia, and Turkey. R&D expenditures increase high-tech
exports in Bulgaria, China, India, Lithuania, Mexico, and Romania. Countries with the
highest rate of increase are Lithuania (2.51%), Bulgaria (1.81%), Romania (1.30%), and
China (0.99%). In the relevant model, the coefficient showing the impact of fixed capital
investments (LnGFC) on high-tech exports (LnHTEX) has a positive sign and is statisti-
cally significant in China, India, Lithuania, Mexico, Poland, and Russia. An increase in
fixed capital investments in these countries contributes to the increase in high-tech exports.
Countries with the highest effect are China (1%), Mexico (0.70%), and India (0.69%) re-
spectively. For the same model, the impact of foreign direct investment inflows (LnFDI)
on high-tech exports (LnHTEX) is statistically significant in China, Hungary, Lithuania,
Poland, and Romania. However, the sign of this coefficient is found to be negative in
China and Lithuania. FDI inflows to these countries reduce rather than increase the export
of high-tech commodities.

When the Panel FMOLS estimation results regarding the impact of the number of re-
searchers (LnRP) on high-tech exports presented in Table 3.10 within the framework of
Model-2 for LDC is evaluated on a country basis, it is seen that the coefficient of the
relevant variable is positive and statistically significant in Bulgaria, China, Hungary as ex-
pected; i.e. the increase in the number of researchers increases high-tech exports in these
countries. The countries with the highest rate of increase are Bulgaria (2.58%), China
(1.47%), and Hungary (1.22%). In the relevant model, the sign of the coefficient show-
ing the impact of fixed capital investments (LnGFC) on high-tech exports (LnHTEX) is
also positive and significant in Mexico, Poland, Romania, and Russia. An increase in
fixed capital investments in these countries contributes to the increase in high-tech ex-
ports. Countries with the highest effect are Mexico and Romania with 0.98%, and 0.89%
respectively. The impact of foreign direct investment inflows on high-tech exports is not
statistically significant in countries other than Bulgaria and Poland in the same model.

3.4.4 Panel VECM Estimation

Co-integration analyses, according to Model-1 and Model-2, show that there is a co-in-
tegrated relationship between high-tech exports (LnHTEX), R&D expenditure (LnR&D),
the number of researchers (LnRP), gross fixed capital investments (LnGFC), and foreign
direct investment inflows (LnFDI). The Panel Vector Error Correction Model (VECM) is
used to differentiate long-run balance and short-run dynamics between the co-integrated
series and to determine short-run dynamics. Panel VECM for Model-1 and Model-2 is
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illustrated by Eqs. 3.3 and 3.4.
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Panel VECM for Model-1 and Model-2 is illustrated by Eqs. 3.3 and 3.4, where k

stands for optimal lag length and eit�1 stands for one-period lagged residual term obtained
from panel FMOLS. Moving forward from this point, it is possible to investigate both
short and long-run causality relationships within the framework of the panel VECM. In
accordance with this purpose, the VAR model is first estimated by stationary values of
variables and then the optimal lag length is determined. Panel VECM is estimated within
the framework of pre-determined optimal lag length.

Error correction terms of Model-1 and Model-2, ECT1 (�1) and ECT2 (�1), were
estimated to be �0.69 and �0.67 respectively as shown in Table 3.11 in which the Panel
VECM results for DC are presented. The fact that these coefficients have negative signs

Table 3.11 Panel VECM Estimation Results for Developed Countries

Model-1 Model-2

�LNHTEX �LNHTEX

�LnHTEX(�1) 0.36 [4.69]*** �LnHTEX(�1) 0.37 [4.72]***

�LnR&D(�1) �0.14 [�1.40]* �LnRP(�1) �0.01 [�0.13]
�LnGFC(�1) �0.19 [�2.83]*** �LnGFC(�1) �0.18 [�2.75]***
�LnFDI(�1) 0.20 [4.62]*** �LnFDI(�1) 0.19 [4.37]***

C 0.03 [3.25]*** C 0.02 [2.17]**

ECT1(�1) �0.69 [�7.57]*** ECT2(�1) �0.67 [�7.55]***
R2

Adjusted R2

F Statistic

0.29
0.28
19.96***

R2

Adjusted R2

F Statistic

0.30
0.28
19.00***

Notes: Optimal lag length was determined to be 1 by using the Schwarz Information Criterion
for both models. The values in brackets show the calculated t-statistics. According to the Normal
Distribution Table, 1%, 5%, and 10% t table values are 2.32, 1.64, and 1.28 respectively. ***, **, *
indicate significance at 1%, 5%, 10% levels respectively
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Table 3.12 Wald F statistics from Panel VECM for Developed Countries

Model-1 Model-2

Dependent Variable: �LnHTEX Dependent Variable: �LnHTEX

Restricted Variable: Chi-square Restricted Variable: Chi-square

�LnR&D 1.962 (0.16) �LnRP 0.019 (0.89)

�LnGFC 8.030 (0.00)*** �LnGFC 7.602 (0.00)***

�LnFDI 21.345 (0.00)*** �LnFDI 19.141 (0.00)***

Notes: ***, **, * indicate significance at 1%, 5%, and 10% levels respectively. The values in
parentheses are probability values. The optimal lag length was determined by using the Schwarz
Information Criterion for both models

and are statistically significant show that the vector error correction mechanism works
and there is a causality relationship from LnR&D, LnGFC and LnFDI to LnHTEX; from
LnRP, LnGFC and LnFDI to LnHTEX in the long-run.

The value of the error correction coefficients refers to how much of the imbalance
which occurred in the short-run, is eliminated in the next term (Tarı 2005, p. 417). In this
context, the findings of the analysis show that in subsequent terms, 69% of the short-run
imbalance is eliminated for Model-1; and 67% of the short-run imbalance is eliminated
for Model-2. In other words, for Model-1 and Model-2, deviations occurring between the
short-run series in DC will converge to a long-run balance, approximately after 1.5 terms.

With reference to the panel VECM estimation results in Table 3.11, the Wald test is
performed by placing restrictions on �LnR&D (�1), �LnGFC (�1) and �LnFDI (�1)
for Model-1; and�LnRP (�1),�LnGFC (�1), and�LnFDI (�1) for Model-2. The Wald
test results, which are performed to test short-run causality relationships between the vari-
ables are presented in Table 3.12 for Model-1 and Model-2.

According to Table 3.12, while no short-run causality relationship from R&D expendi-
tures (LnR&D) to high-tech exports (LnHTEX) in DC for Model-1 is detected, it is found
that there is a 1% significance level short-run causality from each of the fixed capital in-
vestments (LnGFC) and foreign direct investment inflows (LnFDI) variables to high-tech
exports (LnHTEX).

In terms of the results of the short-run causality analysis for Model-2, while no short-
run causality relationship from the number of researchers (LnRP) to high-tech exports
(LnHTEX) in DC is detected, it is found that there is a 1% significance level short-run
causality from each of the fixed capital investments (LnGFC) and foreign direct investment
inflows (LnFDI) to high-tech exports (LnHTEX).

The Panel VECM estimation results calculated for LDC are presented in Table 3.13.
Error correction coefficients ECT1 (�1) and ECT2 (�1) for Model-1 and Model-2 were
estimated as �0.24 and �0.19 respectively. The fact that these coefficients are negative
and statistically significant shows that the vector error correction mechanism works and
there is a causality relationship from LnR&D, LnGFC, and LnFDI to LnHTEX; from
LnRP, LnGFC, and LnFDI to LnHTEX in the long-run. The findings regarding the error
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Table 3.13 Panel VECM Estimation Results for Developing Countries

Model-1 Model-2

�LNHTEX �LNHTEX

�LnHTEX(�1) 0.36 [4.00]*** �LnHTEX(�1) 0.37 [3.88]***

�LnR&D(�1) 0.10 [0.75] �LnRP(�1) 0.12 [0.83]

�LnGFC(�1) �0.23 [�2.86]*** �LnGFC(�1) �0.25 [�3.10]***
�LnFDI(�1) 0.25 [4.45]*** �LnFDI(�1) 0.25 [4.27]***

C 0.04 [2.10]*** C 0.05 [2.40]***

ECT1(�1) �0.24 [�2.79]*** ECT2(�1) �0.19 [�2.07]**
R2

Adjusted R2

F Statistic

0.20
0.18
7.63***

R2

Adjusted R2

F Statistic

0.20
0.17
6.71***

Notes: The optimal lag length was determined to be 1 by using the Schwarz Information Criterion
for both models. The values in brackets show the calculated t-statistics. According to the Normal
Distribution Table, 1%, 5% and 10% t table values are 2.32, 1.64, and 1.28 respectively. ***, **, *
indicate significance at 1%, 5%, 10% level respectively

correction coefficients, which show how much of the imbalance occurring in the current
term is eliminated in the subsequent term state that 24% of the imbalance for Model-1 and
19% of the imbalance for Model-2 is eliminated in the subsequent term. In other words,
deviations between the short-run series in LDC will converge to a long-run balance after
approximately 4 terms for Model-1 and 5 terms for Model-2.

With reference to the panel VECM estimation results in Table 3.13, theWald test is per-
formed by placing restrictions on �LnR&D (�1), �LnGFC (�1) and �LnFDI (�1) for
Model-1; and�LnRP (�1),�LnGFC (�1) and�LnFDI (�1) for Model-2. TheWald test
results, which are performed to test short-run causality relationships between the variables
are presented in Table 3.14 for Model-1, and Model-2.

According to Table 3.14, while no short-run causality relationship from R&D expendi-
tures (LnR&D) to high-tech exports (LnHTEX) in LDC forModel-1 is detected, it is found
that there is a short-run causality from each of the fixed capital investments (LnGFC) and

Table 3.14 Wald F statistics from Panel VECM for Developing Countries

Model-1 Model-2

Dependent Variable: �LnHTEX Dependent Variable: �LnHTEX

Restricted Variable: Chi-square Restricted Variable: Chi-square

�LnR&D 0.567 (0.45) �LnRP 0.699 (0.40)

�LnGFC 8.185 (0.00)*** �LnGFC 9.636 (0.00)***

�LnFDI 19.860 (0.00)*** �LnFDI 18.248 (0.00)***

Notes: ***, **, * indicate significance at 1%, 5%, and 10% levels respectively. The values in
parentheses are probability values. The optimal lag length was determined by using the Schwarz
Information Criterion for both models
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foreign direct investment inflows (LnFDI) variables to high-tech exports (LnHTEX) at 1%
significance level.

According to the findings of the Model-2 short-run causality analysis, while no short-
run causality relationship from the number of researchers (LnRP) to high-tech exports
(LnHTEX) in LDC is detected, it is found that there is a 1% significance level short-run
causality relationship from each of the fixed capital investments (LnGFC) and foreign
direct investment inflows (LnFDI) variables to high-tech exports (LnHTEX).

3.4.5 Discussion and Implications

In this part of the study, the panel co-integration and panel VECM estimation results of the
models, which were developed to investigate the impact of R&D expenditure, the number
of researchers, fixed capital investments, and FDI inflows on high-tech exports will be
interpreted in terms of the theoretical background of international economics.

In order to explain the exports of high and medium high-tech manufacturing industries,
R&D expenditures and the number of researchers that were used in two models in addition
to fixed capital investments and FDI inflows as explanatory variables. It is found that
relevant variables influence exports of high and medium high-tech goods in a way, which is
compatible with previously conducted empirical analysis (Montobbio 2003; Sanyal 2004;
Seyoum 2005; Alemu 2013) and theoretical expectations in countries with different levels
of development. In developed countries, R&D expenditures and the number of researchers
are the two most important variables affecting high-tech exports; the impacts of fixed
capital investments and FDI inflows, however, they are relatively low compared to R&D
expenditures and the number of researchers.

In LDC, similarly to DC, the impact of R&D expenditures and the number of re-
searchers on high-tech exports is greater than that of fixed capital investments and FDI
inflows. However, it is noteworthy that the impact of R&D expenditures on high-tech ex-
ports in LDC is nearly twice as high as in DC. This finding is quite important for LDC,
as there is a significant technological gap between them and DC. Since the sensitivity of
high-tech exports to R&D expenditures in LDC is greater than other variables and higher
compared to DC, it seems possible for LDC to increase exports of high value-added and
high-tech goods by allocating more resources from national income to R&D expenditure
and investing more to increase highly qualified human capital which is necessary for R&D
activities and thus, it is possible to reduce or close the technological gap between LDC
and DC.

Evaluating empirical findings on a country basis indicates that there is a positive and
significant relationship between both R&D expenditures, the number of researchers, and
high-tech exports for more than half of the DC and LDC; also the improvements in these
indicators let the high-tech exports increase. The result is consists of our theoretical expec-
tations and it is possible to interpret it in the following way: Technological development
dynamics, such as R&D expenditures and the number of researchers are two basic tools,
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not only to develop new technologies, but also to gain experience and expertise for the
utilization, adaptation and modification of imported technology for countries which are in
the process of acquiring technological skills. In this sense, it is crucial for both DC which
have a leading role in terms of technological development indicators and LDC which are
far behind DC in terms of technology level to allocate a significant amount of their bud-
get to make regulations with the aim of increasing the quality of labor to be employed in
R&D activities, and to take innovation incentive measures in order to increase the export
performance of the high-tech industry.

Reviewing empirical findings regarding fixed capital investments on a country basis,
it is concluded that there is a positive and significant relationship between the relevant
variable and high-tech exports and improvements in this area increase high-tech exports
in most of the countries classified as DC and LDC. As it is consistent with theoretical
expectations, this result can be interpreted in the following terms: physical investments in
buildings, roads and machinery equipment support technological development and dis-
semination of technological innovation embodied in machinery equipment in form of
production methods among companies and sectors contributes to increases in high-tech
exports.

When findings regarding FDI inflows are reviewed on a country basis, it is seen that
while the relationship between the relevant variable and high-tech exports is positive in
most of the DC, this relationship is negative in most of the LDC. FDI inflows contribute
to technological developments both by increasing the physical capital stock and enabling
countries to transfer new production methods and organizational forms.

Attracting new technologies to the country or the activities of foreign firms aimed at
developing the technological level of the host country particularly support the technolog-
ical capabilities of the countries concerned. The inverse relationship found between FDI
inflows and high-tech exports in LDC implies that the FDI inflows toward these coun-
tries aim to make use of the advantages like low labor costs, the large domestic market or
natural resources. In this context, it can be stated that MNCs operating in LDC engage in
production processes requiring low quality/paid labor rather than high technology produc-
tion and that FDI inflows to these countries reduce rather than increase high-tech exports.
The insufficient regulations for the protection of intellectual property rights in LDC dis-
courage FDI for high-tech industries and direct them to labor-intensive industries. High-
tech export in China is not a result of intensive R&D expenditures and technological de-
velopments. Advanced technology products predominantly contain imported components
and consist of assembled high-tech (Xing 2012, p. 4–9; Srholec 2005, p. 24).

The findings of the analysis in the case of Turkey do not indicate that technological de-
velopment indicators have an impact on high-tech exports. A statistically insignificant
relationship between R&D expenditures, the number of researchers and high technol-
ogy exports in countries like Turkey with weak technological development dynamics and
high-tech exports was the expected result. Indeed, Lall (2000b, p. 25) has also empha-
sized the necessity for Turkey, which has a weak outlook in terms of high-tech exports, to
transform its production and export composition to technology-intensive products by in-
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creasing technological capability. As a result of the developments in technology intensive
industries, an increase will also be achieved in the productivity of low technology indus-
tries with the spread of new technologies and an increase in technological capabilities at
the country level.

The VECM results investigating short-run dynamics show that short-run imbalances
are eliminated in the long-run. While short-run imbalances in DC are eliminated in 1.5
terms, the convergence of long-run equilibrium in LDC requires more time; it may take
up to 5 terms. This finding is compatible with empirical literature (Amendola et al. 1993)
which emphasizes delayed (4 years) effects of technological development on exports.

There is a short-run causality from fixed capital investments and FDI inflows to high-
tech exports. However, no short-run causality is found between R&D expenditures, the
number of researchers and high-tech exports. Outcomes of the policies aiming to improve
technological development indicators and hence increase high-tech exports, are not seen
in the short-run. Therefore, keeping the findings of the long-run analysis in mind, stable
and strategic long-run policies of science, technology, and innovation rather than short-
run and unstable approaches need to be implemented in order to improve technological
development indicators.

Conclusion
Technological developments shape global competition; countries producing technol-
ogy and using it effectively in economic activities have a developed economy. When
the commodity composition of international trade is examined, it is seen that the share
of products or production processes with technological content in total world trade
is gradually increasing; increased high value-added products and monopolistic ad-
vantages obtained from products or production processes with complex technological
content make this process more attractive than ever. The reflection of technology on
the production process usually takes the form of an output and/or by-product of R&D
activities. The fact that the countries with competitive power in high-tech goods are
also the countries allocating a significant amount of their budget to scientific research
proves that there is a direct relationship between competitiveness and export capability
on the one hand and technological development and R&D on the other.

Using the data of countries with different development levels, the impact of R&D
expenditures and the number of researchers on the exports of high and medium high-
tech manufacturing industry is analyzed using the panel data method in this study.
Domestic physical capital stock and FDI inflows are also used to explain high-tech
exports. Stationarity characteristics of the variables were investigated by using panel
unit root tests, and the long-run relationship between variables was tested by using
panel co-integration tests.

Since the results of the co-integration test present a long-run equilibrium relation-
ship between the relevant variables for both models tested, co-integration coefficients
were investigated by using the Pedroni FMOLS estimator. The Panel FMOLS es-
timation results show that across the panel, R&D expenditures and the number of
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researchers are the most important determinants of high-tech exports in both DC and
LDC. In addition, the estimation results revealed that the elasticity of HTEX to R&D
of technological development indicators is higher in LDC than in DC. While no short-
run causality is found from R&D and RP to HTEX, short-run causality is detected from
GFC and FDI to HTEX in the panel VECM estimation. Furthermore, the fact that the
error correction coefficient was found to be significant and negative for both models
proves that the error correction mechanism works and that short-run imbalances are
corrected in the long-run.

In the light of the empirical findings, in order for those LDC which are far behind
DC in terms of technology to achieve a sustainable increase in high value-added ex-
ports, it seems worthwhile recommending to design/adapt, and implement policies that
will transform production and export formation from low-tech to high-tech industrial
goods by supporting scientific and technological infrastructure and R&D institutions.
As terms of trade tend to change for high-tech goods and against low-tech ones, techno-
logical development performance is fundamental, not only for foreign trade volume, but
also for national welfare gains obtained through improvements in terms of trade. Thus,
LDC should give strategic priority to technological developments and their sources in
order to increase national prosperity thanks to convergence, providing structural solu-
tions for the current deficit problem and advantages arising from domestic value-added
and improvements in terms of trade. In this context, it is necessary to develop policies
and mechanisms towards allocating more funds from national income for R&D, mak-
ing educational regulations to train highly qualified labor (human capital) required by
the R&D sector, taking initiative to protect property rights to encourage innovative ac-
tivities, implementing incentive policies to attract FDI inflows producing technology-
intensive goods, increasing investments in physical infrastructure which is significant
in terms of supporting scientific and technological infrastructure and R&D institutions
of a country, as well as increasing the share of the private sector in R&D activities by
providing coordination and information by sharing between the public and the private
sector.
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