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1. Introduction

In recent years, many economists have questioned the ability of 
technological progress to keep driving the economy forward 

despite declining population growth and rising dependency ratios. 
A powerful scientifi c tool, for example, that has recently become 
available and that indicates progress is fast computing including 
practically unlimited data storage and search techniques. The 
impact of computers on science has gone much beyond analyzing 
large-scale databases and standard statistical analysis, being used in 
measuring economic indicators.1 This great progress is particularly 
seen in international trade applying to a network of exports and 
imports between fi rms, industries, and nations. 

Since the ‘60s, most contributions in the fi eld of technology and 
trade have focused on the critical importance of technological 
change in explaining international trade patt erns. Posner (1961)2, 
Vernon (1966)3, and Hirsch (1967)4 considered the role of technology 
and innovation in trade. These authors believed that investments 
in technology and knowledge made and kept up comparative 

*  University of Isfahan, Iran.
1 David Weinberger, “Our Machines Now Have Knowledge We’ll Never Understand”, 

Wired, April 18, 2017, htt ps://www.wired.com/story/our-machines-now-have-
knowledge-well-never-understand/.

2 M.V. Posner, “International Trade and Technical Change.” Oxford Economic Papers 13, 
no.3 (1961): 323-41.

3 R.Vernon, “International Investment and International Trade in the Product Cycle.” 
Quarterly Journal of Economics  8, no.4 (1966): 190-207. 

4 S. Hirsch, Location of Industry and International Competitiveness. (Oxford: Clarendon 
Press, 1967).
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advantages. According to Posner, technology capacity is an 
important indicator of a region’s export specialization.

The purpose of this study is fi rst to set up the key science and 
technology (S&T) indicators for countries of the ECO region, while 
the indicators for S&T capacity are based on the factors that create 
knowledge on our assessment. Second, we investigate the eff ect of 
scientifi c and technological changes on bilateral trade fl ows between 
the ECO countries by specifying a trade gravity model over 1995-
2017. Hence, our innovation is to analyze the trends of a number of 
proxies for S&T variables (for the period 2008-2017) that have been 
initially defi ned and measured by the World Bank. Then we specify 
an innovative version of a gravity trade model, in which we explore 
the eff ects of the selected S&T proxies on bilateral trade relations 
among the ECO members. 

An overview of the trends of major economic indicators including 
trade, foreign investment, and labor movement allows us to analyze 
the main reasons for the present situation among the selected ECO 
member states. This provides us indeed with logical support to 
focus on the fact that scientifi c and technical cooperation can be 
realized through endorsing economic cooperation, which is an 
eff ective mean for deepening cooperation in the region. Therefore, 
the objective of this study is to prepare a background document in 
order to facilitate the discussion on using Science and Technology 
(S&T), to reach concrete economic cooperation among the selected 
ECO members, based on the availability of data.

In order to promote intra-trade and intra-investment, for instance, 
it is necessary to develop proper networking and increased 
connectivity among the economic agents in the ECO member 
countries. For this, a stocktaking of the status of trade and 
investment reforms, capacities, and potentials as well as a review 
of the existing facilities, initiatives, and eff orts already underway 
at national, regional, and international levels would be necessary. 
Furthermore, the availability of the relevant data on trade and 
investment opportunities, market analyses, business practices, and 
other economic data as well as infrastructure facilities, production 
capacities, and S&T indicators (such as charges for the use of 
intellectual properties, research and development expenditure, 
patent applications, etc.) should be analyzed to demonstrate the 
prospects of broader economic connectivity in the region.
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2. Conceptual Discussion: S&T and Economic Patt erns

At a time of slowed growth and continued volatility, many countries 
are looking for policies that will stimulate growth and create new 
jobs. Information communications technology (ICT) is not only one 
of the fastest-growing industries – directly creating millions of jobs 
– but it also is an important enabler of innovation and development. 
Findings from various countries confi rm the positive eff ect of ICT 
on growth. For example, a 10% increase in broadband penetration is 
associated with a 1.4% increase in GDP growth in emerging markets. 
In China, this number can reach 2.5%. The doubling of mobile data 
use caused by the increase in 3G connections boosts GDP per capita 
growth rate by 0.5% globally. The Internet accounts for 3.4% of 
overall GDP in some economies. Most of this eff ect is driven by 
e-commerce ICT has also contributed to the rise of entrepreneurship, 
making it much easier for self-starters to access best practices, legal 
and regulatory information, marketing, and investment resources.5

In OECD countries, more than 95% of businesses have an online 
presence. The Internet provides them with new ways of reaching 
out to customers and competing for market share. Over the past few 
years, social media has established itself as a powerful marketing 
tool. ICT tools employed within companies help to streamline 
business processes and improve effi  ciency. The unprecedented 
explosion of connected devices throughout the world has created 
new ways for businesses to serve their customers.6 

In addition, accelerated worldwide technical change, based 
on intensive research and development in the industrialized 
countries, is modifying the conditions of comparative advantage 
in international trade. Comparative advantage is no longer defi ned 
only by the abundance and relative cost of the traditional factors 
of labor, capital, and certain natural resources; it is also defi ned by 
the technological capacity to produce and sell new or diversifi ed 
products. Second, the development of science-based technologies 
has been modernizing modes of production. Microelectronics and 
informatics, biotechnology, and the production of materials with 

5 Yinghui Chen, Xiaolin Gong, Chien-Chi Chu, Yang Cao, “Access to the Internet and 
Access to Finance: Theory and Evidence,” Sustainability, MDPI, Open Access Journal  10, 
no.7 (July 2018): 1-38.

6 Meijers, H. “Does the Internet Generate Economic Growth, International Trade, or 
Both?” International Economics and Economic Policy, 11, (2014): 137–163.
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special properties, among others, are changing the relative use of 
capital and labor in various productive sectors. Gonzalez7 (1986) has 
pointed out that Latin America’s comparative advantage in labor-
intensive production and natural resources is being eroded by the 
introduction of new technologies in developed countries. Hence, it 
is essential to understand such technological transformations and to 
defi ne the actions needed to support appropriate domestic activities 
that respond to the new situation and develop a more diversifi ed 
export structure.

In practice, it is appropriate for the ECO region to choose a 
combination of various types of technologies. These would include 
certain state-of-the-art technologies (such as microelectronics, 
biotechnology, and new materials) and, at the other extreme, 
technologies to increase the use of labor and support marginal 
sectors. 

Montobbio and Rampa (2005)8 indicated technological activity is 
related to export gains in high technology sectors if a country expands 
in industries with increasing technological opportunities, in medium 
technology sectors if it moves away from low opportunity sectors, 
in low technology sectors if it is initially specialized in growing 
sectors. In high-tech and low-tech sectors, export performance is 
also aff ected by the growth of technical capabilities, foreign direct 
investments, productivity, and the initial level of technical skills and 
in medium-tech by the growth rates of foreign direct investments.

Marquez and Zarzoso analyzed the eff ect of technological 
innovation on sectoral exports using a gravity model of trade.9 The 
technological achievement index (TAI) and its four components - 
the creation of technology, diff usion of old innovations, diff usion 
of recent innovations, and human skills - are used as proxies for 
technological innovation. The fi rst two components are considered 
proxies for knowledge acquisition and assimilation (potential 

7 Norberto González, “Reactivation and development: the great commitment of Latin 
America and the Caribbean.” CEPAL Review (December 1986)

8 Montobbio, F. and F. Rampa “The Impact of Technology and Structural Change on 
Export Performance in Nine Developing Countries.” World Development 33, (2005): 
527-547.

9 Laura Márquez-Ramos, and Inmaculada Martínez-Zarzoso. “The eff ect of technolo-
gical innovation on international trade.” Economics: the open-access, open-assessment 
E-Journal 4 (2010): 11.
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absorptive capacity); whereas the last two are taken as proxies for 
knowledge transformation and exploitation (realized absorptive 
capacity). They hypothesize that the eff ect of technological 
innovation on trade could vary according to the technological 
achievement by generating a non-linear relationship between 
technological innovation and trade. The results indicate a positive 
and non-linear eff ect of technological innovation on export 
performance, which indicates that there are thresholds for positive 
signs to occur. They suggest fostering exports; countries have to 
consider not only acquisition and assimilation capabilities, but also 
transformation and exploitation capabilities once a minimum level 
of potential absorptive capacity has been achieved.

3. Defi nitions of the S&T Indicators

We set out to indicate the trends of the key S&T indicators in the 
ECO region, while the magnitude of the S&T capacity cannot be 
determined directly, and has to be approached using a number of 
relevant proxies. Thus, the indicators for S&T capacity are based 
on the factors that create knowledge on our assessment. Hence, we 
have collected data on the following ST variables, which have been 
obtained from the World Bank Data:

ST1: Charges for the use of intellectual property, payments (BoP, current 
US$)

ST1 stands for charges for the use of the intellectual property 
that are payments between residents and nonresidents for the 
authorized use of proprietary rights (such as patents, trademarks, 
copyrights, industrial processes and designs including trade secrets, 
and franchises) and for the use, through licensing agreements, of 
produced originals or prototypes (such as copyrights on books 
and manuscripts, computer software, cinematographic works, and 
sound recordings) and related rights (such as for live performances 
and television, cable, or satellite broadcast). Data on ST1 are in 
current U.S. dollars.

ST2: Charges for the use of intellectual property, receipts (BoP, current 
US$)

ST2 stands for charges for the use of the intellectual property that 
are receipts between residents and nonresidents for the authorized 
use of proprietary rights (such as patents, trademarks, copyrights, 
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industrial processes and designs including trade secrets, and 
franchises) and for the use, through licensing agreements, of 
produced originals or prototypes (such as copyrights on books 
and manuscripts, computer software, cinematographic works, and 
sound recordings) and related rights (such as live performances and 
television, cable, or satellite broadcast). Data on ST2 are in current 
U.S. dollars.

ST3: Research and development expenditure (% of GDP)

ST3 stands for expenditures for research and development which 
are current and capital expenditures (both public and private) on 
creative work undertaken systematically to increase knowledge, 
including knowledge of humanity, culture, society, and the use 
of knowledge for new applications. R&D covers basic research, 
applied research, and experimental development. 

ST4: Scientifi c and technical journal articles

ST4 stands for scientifi c and technical journal articles which refer to 
the number of scientifi c and engineering articles published in the 
following fi elds: physics, biology, chemistry, mathematics, clinical 
medicine, biomedical research, engineering and technology, and 
earth and space sciences. 

ST5: Patent applications, nonresidents

ST5 denotes patent applications which are worldwide patent 
applications fi led through the Patent Cooperation Treaty procedure 
or with a national patent offi  ce for exclusive rights for an invention 
(a product or process that provides a new way of doing something 
or off ers a new technical solution to a problem). A patent provides 
protection for the invention to the nonresident owner of the patent 
for a limited period, generally 20 years. 

ST6: Patent applications, residents

Patent applications are worldwide patent applications fi led through 
the Patent Cooperation Treaty procedure or with a national patent 
offi  ce for exclusive rights for an invention (a product or process that 
provides a new way of doing something or off ers a new technical 
solution to a problem) A patent provides protection for the invention 
to the resident owner of the patent for a limited period, generally 20 
years. 
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ST7: Trademark applications, direct nonresident

ST7 denotes trademark applications fi led which are applications to 
register a trademark with a national or regional Intellectual Property 
(IP) offi  ce. A trademark is a distinctive sign which identifi es certain 
goods or services as those produced or provided by a specifi c 
person or enterprise. A trademark provides protection to the owner 
of the mark by ensuring the exclusive right to use it to identify 
goods or services. The period of protection varies, but a trademark 
can be renewed indefi nitely beyond the time limit on payment of 
additional fees. Direct nonresident trademark applications are those 
fi led by applicants from abroad directly at a given national IP offi  ce. 

ST8: Trademark applications, direct resident

ST8 indicates trademark applications fi led which are applications to 
register a trademark with a national or regional Intellectual Property 
(IP) offi  ce. A trademark is a distinctive sign which identifi es certain 
goods or services as those produced or provided by a specifi c person 
or enterprise. A trademark provides protection to the owner of the 
mark by ensuring the exclusive right to use it to identify goods or 
services or to authorize another to use it in return for payment. 
The period of protection varies, but a trademark can be renewed 
indefi nitely beyond the time limit on payment of additional fees. 
Direct resident trademark applications are those fi led by domestic 
applicants directly at a given national IP offi  ce. 

ST9: Trademark applications, total

ST9 indicates trademark applications fi led are applications to 
register a trademark with a national or regional Intellectual Property 
(IP) offi  ce. A trademark is a distinctive sign, which identifi es certain 
goods or services as those produced or provided by a specifi c person 
or enterprise. A trademark provides protection to the owner of the 
mark by ensuring the exclusive right to use it to identify goods or 
services or to authorize another to use it in return for payment. 
The period of protection varies, but a trademark can be renewed 
indefi nitely beyond the time limit on payment of additional fees. 

ST10: Researchers in R&D (per million people)

ST10 stands for researchers in R&D that are professionals engaged in 
the conception or creation of new knowledge, products, processes, 
methods, or systems and the management of the projects concerned. 
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Postgraduate Ph.D. students (ISCED97 level 6), engaged in R&D, 
are included. 

ST11: Technicians in R&D (per million people)

ST11 denotes technicians in R&D and equivalent staff  that are people 
whose main tasks require technical knowledge and experience 
in engineering, physical and life sciences (technicians), or social 
sciences and humanities (equivalent staff ). They participate in 
R&D by performing scientifi c and technical tasks, involving the 
application of concepts and operational methods, normally under 
the supervision of researchers. 

ST12: High-technology exports (current US$)

ST12 stands for high-technology exports that are products with high 
R&D intensity, such as in aerospace, computers, pharmaceuticals, 
scientifi c instruments, and electrical machinery. Data for ST12 are 
in current U.S. dollars.

ST13: High-technology exports (% of manufactured exports)

ST13 stands for high-technology exports that are products with high 
R&D intensity, such as in aerospace, computers, pharmaceuticals, 
scientifi c instruments, and electrical machinery. 

3. An Overview of S&T in the ECO Region

The Economic Cooperation Organization (ECO) which was 
established in 1985, is an intergovernmental regional organization. 
Its purpose is to promote economic, technical, and cultural 
cooperation among the member states which include the Islamic 
Republic of Afghanistan, the Republic of Azerbaijan, the Islamic 
Republic of Iran, the Republic of Kazakhstan, the Kyrgyz Republic, 
the Islamic Republic of Pakistan, the Republic of Tajikistan, the 
Republic of Turkey, Turkmenistan, and the Republic of Uzbekistan. 
ECO’s predecessor was the Regional Cooperation for Development 
which was founded in 1964 and ceased to exist in 1979. All the ECO 
states are also member states of the Organization of the Islamic 
Conference (OIC), while ECO itself has observer status in the OIC 
since 1995.

ECO is an organization that is thriving and growing. The member 
states have been collaborating over the past 12 years in order to 
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accelerate the pace of regional development through their common 
endeavors. ECO has embarked on several projects in priority 
sectors of its cooperation including energy, trade, transportation, 
and agriculture. Over the past decade, the member countries have 
been working to harmonize measurements, classifi cations, and 
methodologies in an eff ort to ensure consistency regionally.

Table 8.1. reports the trends of the S&T variables for Azerbaijan 
during 2008-2017. ST1 (a proxy of payments for intellectual 
property) has increased substantially during the period 2008-2012, 
with a maximum value in 2012. However, ST2 has fl uctuated within 
the period. The percentage share of R&D in GDP (denoted by ST3) 
approached 0.2, on average, while it fl uctuated slightly during the 
period. 

In Azerbaijan, the number of scientifi c and technical journal articles, 
denoted by ST4, has been fl uctuated within the period and increased 
from 475 in 2008 to 684 in 2012 while it decreases to 480 in 2016. ST5 
and ST6 stand for patent applications, associated with nonresidents 
and residents, where the trend of ST6 decreased unexpectedly 
during the period, indicating a deterioration rate of the patent in 
the country.

ST9, which sums up ST7 and ST8, shows the total trademark 
applications that captured the minimum value in 2009 while a 
maximum value in 2008, respectively; however, the numbers 
fl uctuated since then. It is noted that ST10 is not analyzed due to 
the lack of observations for the whole of consideration. Meanwhile, 
Technicians in R&D (per million people) (ST11) had an increasing 
trend during 2008-2013 and reached the maximum value in 2013 
while it declined during 2013-2017. However, the value of high-tech 
exports (ST12) has fl uctuated within the period. High-technology 
exports % of manufactured exports (ST13) has varied during 2008-
2017 while it is on average 4.5 throughout the period. Due to the low 
values, it is evident that the country’s high-tech exports have been 
quite low; implying a weak position of such exports in the economy, 
subject to the GDP growth rates. 
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Table 8.1. Key S&T Variables in Azerbaijan during 2008-2017

Source: World Bank Data, www.worldbank.org
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On the basis of data for S&T variables reported by Table 8.2., 
Kazakhstan benefi ted from a jump in receipts of intellectual property 
(ST2) in 2014 while it captured a decreasing trend to 2018. However, 
the share percentage of R&D expenditure to GDP was about 0.2, 
the same as Azerbaijan, while it decreased since 2010. The statistics 
reported by the table show that the number of journal articles (ST4) 
increased signifi cantly during the period, while the table reports 
variations in patent applications (ST5 and ST6) in most years.
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Table 8.2. Key indicators of the S&T in Kazakhstan during 2008-2017

Source: World Bank Data, www.worldbank.org
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Table 3 reports data of S&T activities in the Kyrgyzstan Republic 
during 2008 - 2017. In comparison with Azerbaijan and Kazakhstan, 
the data for most S&T variables are seen in a lower level of values, 
indicating a poor condition of S&T in this country. ST1 and ST2, for 
instance, captured high values of 7,756 and 3,270 thousand US$ in 
2012 and 2013, respectively, much less than those of Azerbaijan and 
Kazakhstan.

The share percentage of R&D to GDP (ST3) reached 0.14, on average. 
In addition, the table reports the numbers of scientifi c journals 
(ST4) and resident patent applications (ST6) respectively around 
54 and 124, on average. Patent application for both residents and 
nonresidents (ST7 and ST8) experienced fl uctuations during the 
period, indicating instability in protection of the owners of marks 
and their property rights. Finally, the table shows the maximum 
value of about 88 million US$ for high-tech exports in 2016, which 
is quite low.
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Table 8.3. Key indicators of the S&T in Kyrgyzstan Republic during 2008-2017

Source: World Bank Data, www.worldbank.org
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Table 8.4. reveals the poor conditions of S&T activities in Tajikistan 
in accordance with the data compiled by the World Bank (see 
trends of ST5 and ST6). Additionally, the share percentage of R&D 
expenditures to GDP (ST3) reached roughly 0.1, on average, during 
2008- 2017, which is quite low. A maximum number of scientifi c and 
technical journals of about 62 have been reported for 2013, which is 
quite low compared to ECO members (except for Turkmenistan). 
According to Table 8.4, Tajikistan has strongly supported trademark 
applications (ST9) with a number of about 2466, on average, looking 
compatible with the other members. Finally, the table does not 
comprise the trends for variables ST10- ST13, due to the lack of data.

Table 8.4. Key indicators of the S&T in Tajikistan during 2008-2017

Source: World Bank Data, www.worldbank.org

Table 8.5. reports data only for some types of S&T Turkmenistan 
achieves, namely ST3. As reported, Research and Development 
expenditure (% of GDP) (ST3) has increased from 2.6 in 2008 to 13.3 
in 2012, while facing sharp decrease in 2013. However, such a trend 
is quite low in comparison with some ECO members.

Variable 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
ST1: Charges for the use of 
intellectual property, payments 
(BoP, current thousand US$)

320.0 82.8 - - - - - - - 88.9

ST2: Charges for the use of 
intellectual property, receipts 
(BoP, current thousand US$)

1036.7 623.0 - - - - - - - -

ST3: Research and development 
expenditure (% of GDP) 0.07 0.09 0.09 0.12 0.11 0.12 0.11 0.11 0.11 0.12

ST4: Scientifi c and technical 
journal articles 30 23.3 40.6 42.8 47.5 62 37.8 54 47.5

ST5: Patent applications, 
nonresidents 1 3 1 3 2 1

ST6: Patent applications, 
residents 11 7 4 3 2

ST7: Trademark applications, 
direct nonresident 2,375 1,930 1,841 2,565 2,569 2,542 2,423 2,175

ST8: Trademark applications, 
direct resident 259 205 194 161 141 137 109 103

ST9: Trademark applications, 
total 2,634 2,135 2,035 2,726 2,710 2,679 2,532 2,278
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Table 8.5. Key indicators of the S&T in Turkmenistan during 2008-2017

Source: World Bank Data, www.worldbank.org

Despite the lack of data for some S&T variables for Uzbekistan, 
Table 8.6. indicates a bett er condition of S&T achievement than 
those of the members like Turkmenistan and Tajikistan. Scientifi c 
journals, ST4 for example, captured a maximum number of 388 in 
2010. ST9, which denotes total trademark applications, received 
a maximum number of 5,977 in 2017.

Table 8.6. Key indicators of the S&T in Uzbekistan during 2008-2017

Source: World Bank Data, www.worldbank.org

Variable 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

ST3: Research and development 
expenditure (% of GDP) 2.6 5 5.3 12.2 13.3 6.9 20.1 6 3.5 -

Variable 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
ST1: Charges for the use of 
intellectual property, payments 
(BoP, current thousand US$)

- - - - - - - - 6,417 31,372

ST2: Charges for the use of 
intellectual property, receipts 
(BoP, current thousand US$)

- - - - - - - - 906 719

ST3: Research and development 
expenditure (% of GDP) 0.19 0.20 0.20 0.19 0.20 0.20 0.20 0.21 0.22 0.19

ST4: Scientifi c and technical 
journal articles 300.5 336.3 388.9 379.2 325.3 353 332.2 287.8 357.4

ST5: Patent applications, 
nonresidents 186 174 262 274 253 258 223 219 202 196

ST6: Patent applications, 
residents 262 238 370 282 257 299 345 288 353 357

ST7: Trademark applications, 
direct nonresident 3158 2665 2776 3027 3089 3102 2933 2835 2518 2702

ST8: Trademark applications, 
direct resident 1,204 1,431 1,750 1,720 2,007 1,523 1,884 2,260 2,688 3,195

ST9: Trademark applications, 
total 4362 4096 4526 4747 5096 4625 4817 5095 5206 5897

ST10: Researchers in R&D 
(per million people) 578.6 571.2 543.2 573.0 511.5 505.6 500.0 496.7 506.0 496.3

ST11: Technicians in R&D 
(per million people) 62.5 64.4 66.4 58.3 60.9 57.1 58.4 59.2 62.3 45.8
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Table 8.7. reports data of S&T activities in Iran during 2008- 2017. 
ST4 which stands for scientifi c and technical journal articles has an 
increasing trend and it its highest value, 40,975 in 2017.

In addition, the table reports patent applications, nonresidents 
(ST5) and residents (ST6) around 5,660 and 38,982 on average, 
respectively. Patent application for both residents and nonresidents 
(ST6 and ST7) experienced fl uctuations during the period, indicating 
instability in protection of the owners of marks and their property 
rights. Finally, the table shows the maximum value of about 4.48 
% of manufactured exports for high-tech exports in 2011, which is 
quite low.

Table 8.7. Key indicators of the S&T in Iran during 2008-2017

Source: World Bank Data, www.worldbank.org

Variable 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

ST3: Research and 
development expenditure  
(% of GDP)

0.65 0.27 0.26 - 0.32 0.25 - - - -

ST4: Scientifi c and technical 
journal articles 16,842 20,594 25,209 31,419 32,195 33,761 36,311 36,749 40,975

ST5: Patent applications, 
nonresidents 552 516 528 489 432 338 119 - 702 995

ST6: Patent applications, 
residents 15,403 12,184 11,108 11,529 10,622 11,305 13,683 - 14,930 15,264

ST7: Trademark applications, 
direct nonresident 3,939 3,834 4,130 4,340 3,977 7,235 - - 5,426 12,398

ST8: Trademark applications, 
direct resident 30,711 23,465 25,388 26,825 24,879 31,732 - - 51,622 97,236

ST9: Trademark applications, 
total 34,650 27,299 29,518 31,165 28,856 38,967 55,401 62,949 57,048 109,634

ST10: Researchers in R&D   
(per million people) 745 709 735 - 689 671 - - - -

ST11: Technicians in R&D   
(per million people) - - - - 186 187 - - - -

ST13: High-technology 
exports (% of manufactured 
exports)

- - - 4.48 1.60 1.59 1.38 1.34
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Table 8.8. reveals the conditions of S&T activities in Turkey in 
accordance with the data compiled by the World Bank. The ratio of 
R&D expenditures to GDP (ST3) reached roughly 0.88, on average, 
during 2008- 2015. A maximum number of scientifi c and technical 
journals of about 33,902 have been reported for 2017, which is quite 
high compared to ECO members. According to Table 8.8, Turkey 
had on average 101,091 trademark applications (ST9) looking 
compatible with the other members. 
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Table 8.8. Key indicators of the S&T in Turkey during 2008-2017

Source: World Bank Data, www.worldbank.org
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Table 8.9. reports the trends of the S&T variables for Pakistan during 
2008-2017. ST1 (a proxy of payments for intellectual property) 
has increased substantially during the period 2013-2017, with a 
maximum value in 2017. However, ST2 has fl uctuated within the 
period. The percentage share of R&D in GDP (denoted by ST3) 
approached 0.3, on average, while it changed slightly during the 
period. 

In Pakistan, the number of the scientifi c and technical journal articles, 
denoted by ST4, increased twofold from 4,045 in 2008 to 9,181 in 2017, 
much more than those of other ECO members (except Turkey). ST5 
and ST6 stand for patent applications, associated with nonresidents 
and residents. The trend of ST6 decreased unexpectedly during the 
period, indicating a deterioration rate of the patent in the country.

ST9, which sums up ST7 and ST8, shows the total trademark 
applications that reached the minimum value in 2008 while a 
maximum value in 2017, respectively; however, the numbers 
fl uctuated since then. However, the value of high-tech exports 
(ST12) increased from 233,457,654 million US$ in 2008 up to 
380,368,407 million US$ in 2017. The country’s high-tech exports 
have been 1.8 on average implying a weak position of such exports 
in the economy, subject to the GDP growth rates. 
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Table 8.9. Key indicators of the S&T in Pakistan during 2008-2017

Source: World Bank Data, www.worldbank.org
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Table 8.10. reports data only for certain types of S&T Afghanistan 
achieves, namely ST1, ST2 and ST4. As reported, charges for the 
use of the intellectual property (ST1) were about 2,547, on average, 
meanwhile, its trend fl uctuated during 2005-2014. In addition, the 
number of scientifi c journals (ST4) has increased from 12.5 in 2008 
to 80.43 in 2016, despite a decrease in 2012-2013. However, such a 
trend is quite low in comparison with some ECO members.

Table 8.10. Key indicators of the S&T in Afghanistan during 2008-2017

Source: Word Bank Data, www.worldbank.org

4.  Eff ects of S&T on the Regional Trade Relations: A Gravity 
Model Specifi cation

The fi rst economists who applied the fi rst gravity equation to 
analyze international trade fl ows are Tinbergen (1962)10 and 
Poyhonen (1963)11. Since then, the gravity model has become a 
popular instrument in empirical foreign trade analysis. The general 
gravity model applied in bilateral trade has the following form:

                                                                                                                                (1)

10 J. Tinbergen, “Shaping the World Economy: An Analysis of World Trade Flows,” New 
York Twentieth Century Fund 5, No. 1, (1962): 27-30.

11 P. Poyhonen, “A Tentative Model for the Volume of Trade between Countries.” 
Weltwirtschaftliches Archiv 90, no.1 (1963): 93-100.

Variable 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

ST1: Charges 
for the use of 
intellectual 
property, 
payments (BoP, 
current thousand 
US$)

308.41 94.76 27,577.85 47,084.26 10,738.03 10,944.02 107.89 242.48 36.80 180.66

ST2: Charges 
for the use of 
intellectual 
property, receipts 
(BoP, current 
thousand US$)

643.17 744.28 626.71 433.68 - - 463.66 12.81 - -

ST4: Scientifi c and 
technical journal 
articles

12.5 23.3 33.9 42.7 35 27.3 33.3 23.5 80.4 -
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where A is a constant term, Tij is the total trade fl ow from origin 
country i to destination country j, Yi and Yj are the economic sizes 
of two countries i and j. Yi, Yj are usually gross domestic product 
(GDP) or gross national product (GNP). Dij is the distance between 
two countries i and j, typically the geographical distance between 
two capital cities.12 A simple gravity model to estimate the trade 
fl ows from country to country can be expressed as:

Tij = f(Yi, Yj,  Ni, Nj, DISij)                                                                                                            (2) 

where Yi (Yj) indicates the GDP of the exporter i (importer j), a proxy 
for the size of the economy, Ni (Nj) is the number of population of 
the exporter (importer), a proxy for the size of the market, and DISij 
measures distance between two countries’ capitals, which is a proxy 
for transportation costs in trade fl ows. We developed an augmented 
gravity model in order to examine the eff ects of specifi c explanatory 
variables on ECO members’ trade fl ows. According to the 
generalized gravity model of trade, the volume of exports between 
pairs of countries as a result of trade expansion, Tij (total trade fl ow 
from origin country i to destination country j), is a function of their 
incomes (GDPs), their populations (Ns), their geographical distance 
and a set of S&T proxies (S&Tl, l=1,2,3), represented in Equation (3): 

Tij = f(Yi, Yj,  Ni, Nj, DISij, S&Tl)                                                                                                    (3) 

based on Equation 3, we redefi ne the model in form of a log-linear 
form for a single year (t) as follows:  

LTijt = β0 + β1LGDPit*LGDPjt + β2LEXit + β3LEXjt +β4DISijt +β5S&Tlit+ β6 
β5S&Tljt + Uijt      (4)

where LTijt denotes log of exports from country i to country j at 
time t. LGDPit*LGDPjt is the product of the (log of) GDPs per capita 
(GDPit p. cap.×GDPjt p. cap.) of country i and country j in time t. 
LEXit and LEXjt denote respectively the exchange rates of county 
i and country j at time t. In addition, DISij indicates the distance 
between the two countries. S&Tlit and S&Tljt show the S&T proxy for 
country i and j, respectively. Science and technology are supposed 
to have a positive eff ect on sustainable development to motivate 
innovation which plays a crucial role in the trade and growth of 

12 Tri Do Thai “A gravity model for trade between Vietnam and twenty-three European 
countries” (Master diss., Dalarna University, School of Technology and Business 
Studies, Economics, 2006)
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all countries. International trade theory highlights the importance 
of innovation in explaining the international competitiveness of a 
country.13 Ricardian Trade Theory considers technology changes 
as international trade determinants. The Heckscher-Ohlin model 
indicates that trade will increase the demand for goods produced 
by the country’s abundant resources. Since the abundant resource 
in most developing countries is labor, the prediction is an increase 
in demand for labor-intensive goods. On the other hand, making 
trade provides a developing country the opportunity to learn from 
the more advanced technologies of the developed world. This 
technological exchange is expected to help developing countries 
catch-up with the developed countries more rapidly. However, to 
study the role of science and technology on trade it is necessary 
to fi nd a good proxy which is diffi  cult to fi nd. Kuznets (1962)14 
observed that the greatest obstacle to understanding the economic 
role of technological change was the clear inability of scholars to 
measure it. 

Measures of technological change have typically involved one of 
the three major aspects of the innovative process: (1) a measure of 
the inputs into the innovation process, such as R&D expenditures; 
(2) an intermediate output, such as the number of inventions which 
have been patented; or (3) a direct measure of innovative output. 
We follow the second approach in this paper. Archibugi and Coco 
(2004)15 and UNDP (2001)16 applied the number of patents as a proxy 
for S&T. In addition, high-technology exports could be another 
proxy for the S&T variable.17

5. Empirical Results

Table 8.11. summarizes the empirical results for bilateral trade 
between ECO member countries. Data (1995-2018) have been 
obtained from the World Development Indicators (WDI) database of 

13 J. Fagerberg, “International Competitiveness.” The Economic Journal 98 (1988): 55-374.
14 S. Kuznets, “How to Judge Quality”, The New Republic 1147, no.16 (1962): 29–31.
15 D. Archibugi, and A. Coco, “A New Indicator of Technological Capabilities for 

Developed and Developing Countries (ArCo)” World Development 32, no. 4 (2004): 
629-654. 

16 “UNDP Human Development Report”, (New York: Oxford University Press. 2001).
17 A. Ghanbari and M. Ahmadi. “The Eff ect of Innovation on International Trade: 

Selected Medium-High-Technology Industries, Evidence on Iran+3.” Iranian Economic 
Review 21, no. 1 (2017): 21-44.
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the World Bank.18 The results are analyzed to show the eff ects of the 
main determinants of trade relations in this region. They indicate that 
the product of the (log of) GDPs per capita (GDPit p. cap.×GDPjt p. 
cap.) of member countries (proxied by LGDPit*LGDPjt) has a positive 
eff ect on trade, and as expected, is statistically signifi cant at the 1% 
signifi cance level. The country’s GDP per capita GDPP is commonly 
used as a proxy for a country’s standard of living, purchasing 
power, and stage of economic development. It means that the size 
of economies approximated by the scale variable has a positive and 
signifi cant incidence on the bilateral trade of ECO members. The 
implication is that a large market increases opportunities to a higher 
rate of trade fl ow between trade partners, that is, a large income 
raises the demand for diff erentiation. 

The exchange rate of ECO members is considered as major 
determinants of foreign trade19, while Frankle and Rose20 contend 
that exchange rate volatilities have a limited eff ect on bilateral 
trade. The literature suggests that currency appreciation lowers 
export values while increasing the demand for imports. According 
to our results reported by Table (8.11.), the empirical results show 
that exporters’ exchange rate, LEXit, aff ects members’ bilateral trade 
negatively while statistically signifi cant at 1% signifi cance levels 
in all cases. It implies the higher countries’ currencies, the lower 
countries’ bilateral trade. However, importers’ exchange rate, LEXjt, 
does not have a statistically signifi cant eff ect on bilateral trade. 

Although the estimated coeffi  cient of the geographical distance 
has a negative sign, it is not statistically signifi cant except for 
case 3. As reported in Table 8.11, case 3, DISijt has a negative and 
signifi cant sign that implies the existence of the negative eff ect of 
transportation cost on bilateral trade in the ECO region. In fact, 
export to the region’s distant markets will depend on transport costs, 
market-entry costs, risk aversion, and the distribution of exchange 
rates. Based on empirical results S&Tlit and S&Tljt (l=1,2,3) have a 

18 “World Development Indicators”, The World Bank, htt p://data.worldbank.org/data-
catalog/world-development-indicators.

19 W.W. Koo, D. Karemera and R. Taylor “A Gravity Model Analysis of Meat Trade 
Policies.” Agricultural Economics 10, no. 1  (1994): 81-88.

20 J. Frankle, and A. Rose, “An Estimate of the Eff ect of Common Currencies on Trade 
and Income.” Quarterly Journal of Economics 117, no. 2 (2002): 437–466.
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signifi cant positive eff ect on ECO member countries. S&T proxied 
by 3 variables include Patent applications, nonresidents (Case 1), 
Patent applications, residents (Case 2), and High-technology exports 
(% of manufactured exports) (Case 3). 

Table 8.11. Estimated Results for ECO members’ Bilateral Trade 
(1995-2018)

*** 1% Signifi cance, ** 5% Signifi cance and * 10% Signifi cance.

Source: Authors

6. Conclusion

Our fi ndings have confi rmed the importance of science and 
technology in the ECO region to improve the connectivity of 
economic relations among the members. To implement the goals 

Variable Case 1 Case 2 Case 3

Cons. 34.95
[0.12]

41.96
[0.293]

-226.64
[0.04]**

LGDPit* 
LGDPjt

0.016 
[0.00]***

0.02
[0.00] ***

0.04
[0.00]***

LEXit
-.39
[0.00]***

-0.74
[0.00] ***

-1.87 
[0.00]***

LEXjt
-0.98
[0.129]

-0.93 
[0.423] 

-5.18 
[0.03]  **

DISijt
-0.0003
 [0.204]

-0.0003
[0.484]

-0.002
[0.04]

S&T1it
0.79
[0.00] *** - -

S&T1jt
0.36
[0.00] *** - -

S&T2it - 0.45
[0.00]*** -

S&T2jt - 1.44
[0.00]*** -

S&T3it - - 0.09 
[0.768]

S&T3jt - - 16.43 
[0.01]***

Diagnostic
Tests

Waldchi2=426.93
LRchi2= 39.31 

Waldchi2=98.20
LRchi2=101.54

Wald chi2=51.56
LRchi2=147.76
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of sustainable development in the region, in accordance with our 
fi ndings, we are now able to raise important recommendations for 
both economic and S&T cooperation in the ECO region.  

The ECO countries have opportunities and potentials to improve 
their economic capacities via S&T cooperation implementation. To 
achieve this, they should ensure the eff ectiveness and coherence of 
all the constituent elements of the integration plans. For successful 
implementation of these tasks, they need to:

1) Enhance the practice of qualitative assessment of the activities 
of government agencies and development institutions in the ECO 
region.

2) Strengthen the role of universities and research institutions by 
improving their ability to transform ideas into innovative projects 
and focus their work on the needs of the industrial sector.

3) Carry out scientifi c research and commercialize the investigations. 
Usually scientifi c and research works are very expensive and it is 
recommended to develop the closest cooperation in this sphere in 
the frame of ECO. 

4) Establish appropriate mechanisms for monitoring and evaluating 
the performance of innovation programs and policies and take into 
account the results of such evaluations in the process of identifying 
new initiatives and implementation of corrective measures.

5) Maintain their increasing investments in the information and 
communication technologies sector, particularly with a focus on 
human resources and entrepreneurship development programs.

6) Adopt a comprehensive policy in the fi eld of power generation 
which also encompasses the integration of conventional and 
renewable technologies such as coal-solar based power generation 
so as to assure higher effi  ciencies in power generation with lower 
costs and achieve lower levels of carbon dioxide emissions.

7) Increase the international competitiveness of the high-tech 
industries by providing long-term incentives to producers to 
allocate more resources to R&D.

8) Implement joint projects and programs focusing on important 
areas such as renewable energy. 
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9) Create common information funds, libraries of reference and 
information literature, the fulfi llment of analytical reviews on 
advanced achievements, and application experience of the energy 
generation installations and systems. 

10) Publish scientifi c journals, working out regional manuals, 
reference books, and leafl ets on ECO development. 

11) Conduct conferences and seminars for experts, specialists, and 
the community, giving special importance to training programs 
directed towards specialists and decision-makers in state authorities, 
and to wide cooperation with representatives of science, education, 
civil public, and mass media. 

12) Implement trade patt erns such as PTA, FTA, and IIT for broad 
trade connectivity among the ECO nationals.  
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